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CONTRIBUTORS
Persons working for the Norwegian Scientific Committee for Food Safety
(Vitenskapskomiteen for Mattrygghet, VKM), either as appointed members of the Committee
or as ad hoc experts, do this by virtue of their scientific expertise, not as representatives for
their employers. The Civil Services Act instructions on legal competence apply for all work
prepared by VKM.
VKM appointed an ad hoc group consisting of both a VKM member and external experts to
answer a request concerning the risk of stress and suffering of fur animals associated with the
use of various methods to kill these animals at pelting.
The members of the ad hoc group are:
VKM member
Wenche K Farstad, Professor, Panel on Animal Health and Welfare (Panel 8)
External experts:
Cecilie Mejdell, Senior Scientist, PhD, National Veterinary Institute
Hans Petter Kjæstad, Senior Scientist, PhD, National Veterinary Institute
Vonne Lund, Senior Scientist, PhD, National Veterinary Institute
VKM, Panel on Animal Health and Welfare, has used this report as a basis to answer the
request from the Norwegian Food Safety Authority.
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SUMMARY
The Norwegian Food Safety Authority has requested the Norwegian Scientific Committee for
Food Safety (Vitenskapskomiteen for mattrygghet, VKM) to assess the risk of stress and
suffering of fur animals, including methods of killing. VKM appointed an ad hoc group
consisting of both a VKM member and external experts to make a report on the risk of stress
and suffering of fur animals associated with the use of various methods to kill these animals at
pelting. This report from the ad hoc group is an isolated contribution to the Risk Assessment
concerning the welfare of animals kept for fur production from the Panel on Animal Health
and Welfare (Panel 8).
This report is addressing the risk of stress and suffering of fur animals associated with the use
of various methods to kill these animals at pelting. The term killing in this report is used for
large scale commercial killing. Euthanasia is used for the killing of single or a few animals
that need to be culled due to poor health or injuries. Both the killing method per se and the
necessary handling of conscious animals are considered. The ad hoc group has studied
available literature and been present at on farm killing of mink with carbon monoxide (CO)
and carbon dioxide (CO2) and observed electrocution of blue fox.
Today, Norway has fur farming of mink, blue fox and silver fox. The ad hoc group has treated
the two fox species as one with regard to killing methods. However, the behavioural
differences between the two species, i.e., the silver fox (Vulpes vulpes) being more reactive
and the blue fox (Alopex lagopus) more passive, may indicate that handling is perceived as
more stressful for silver foxes. If other physiological differences are thought to influence on
the feasibility of killing methods, this is commented on in the text.
The ad hoc group is not aware of any scientific studies on killing of ferrets. Farmed American
mink (Mustela vision) and ferret (Mustela putorius furo) are both mustelids and the ad hoc
group has had to assume that the two species react similarly in most physiological and
behavioural contexts. However, there is one exception from this in regards to killing in an
anoxic atmosphere using inert gases, since the semi-aquatic biology of mink may imply that
mink and ferret react differently to the anoxic state.
Evaluation of killing methods for mustelids, as requested by the National Food Safety
Authority
* Carbon dioxide (CO2) is an anaesthetic gas which can produce unconsciousness at
different concentrations. Because the gas is an irritant to the eyes and nose (is pungent) and
causes a feeling of breathlessness and thus is aversive, a higher concentration (close to 100%)
is recommended because the induction period then is relatively short (20-30 seconds).
* Carbon monoxide (CO) is highly toxic, but does not seem to be noticed by the animal. If
delivered from a pure source (cylinder), CO may be the best method of choice from an animal
welfare point of view. However, it should be noted that CO represents a danger to the
operator. If exhaust gas is the source of CO, as is customary in Norway, the welfare
advantage is less obvious. The concentration of CO is lower and the atmosphere will probably
contain some exhaust irritants as well as less O2 and more CO2.
* Inert gases (argon, nitrogen), which work by displacing O2, are probably not acceptable in
mink, which are relatively resistant to hypoxia.
All gas methods require no handling beyond taking the animal out of its cage and carrying it
to the gas chamber.
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* Mechanically-operated instruments which penetrate the brain (i.e., captive bolt) induce
immediate unconsciousness. A perfect hit requires that the animal is well restrained. To
ensure death, another method should be used in addition (e.g., neck dislocation, bleeding,
gas).
* Blow to the head, e.g., by a wooden club, may be used for killing single animals, but is
unsuitable for a larger number of animals due to the risk for bad hits or insufficient force.
Blow to the head may cause reversible unconsciousness only and should always be followed
by another method, ensuring death.
* Electric stunning/killing is acceptable provided that sufficient amperage through the brain
is ensured. The ad hoc group has not found documentation as regards the amperage needed to
produce immediate unconsciousness in mustelids. Low volt equipment should not be used.
The apparatus formerly used in Norway did not kill the mink, even though it had a nose to
foot application of electrodes, and had to be followed by immediate breaking of the neck. The
method requires handling of animals, but this handling will hardly compromise their welfare.
* Cervical dislocation (cracking the neck) is only acceptable if applied on deeply
unconscious animals.
* Injection of an overdose of drug with anaesthetic properties is an acceptable method if
modern veterinary principles are applied (i.e., choice of drug, administration route, and
premedication to reduce handling stress and discomfort).
Evaluation of killing methods for fox, as requested by the National Food Safety
Authority
* Electrocution with cardiac arrest (with one electrode inserted in the rectum and the other
applied to the mouth) is the common method used for killing foxes in Norway and Finland
today. However, electrocution is banned in some countries and some states in the USA. The
application of electrodes (mouth and rectum) is not very aesthetic, but secures good electrical
contact and low resistance in the system. Scientific studies of the apparatus “Fox Final™”
(claimed to be similar to the Norwegian device Euthanatos 3™) has shown that an epileptoid
EEG pattern which is considered a proof of unconsciousness, is present after 1 second, and
that application of electric current for 3-4 seconds induces cardiac fibrillation/arrest and
irreversible unconsciousness. However, there may be a need for broader margins (claim on
minimum amperage and application time) than those given by the Finnish legislation. The ad
hoc group finds the method acceptable per se, but recommends actions to reduce handling
stress prior to electrocution.
* Carbon dioxide or carbon monoxide gases has as far as the ad hoc group is aware of, not
been described in scientific literature for killing of farmed foxes. Based on general
knowledge, the ad hoc group expects that CO gas from a gas cylinder may be acceptable from
an animal welfare point of view. There may be practical problems to construct a chamber for
on farm use which is suitable for such large animals, and operator safety is a concern when
using CO.
* Mechanically-operated instruments which penetrate the brain (i.e., captive bolt) induce
immediate unconsciousness. To ensure death, another method should be used in addition. A
perfect hit requires that the animal is well restrained, which may be stressful for the fox.
Provided that the handling may be performed without inflicting high stress levels, the ad hoc
group finds penetrating captive bolt to be acceptable (requires subsequent exsanguination or
other method to ensure death).
Norwegian Scientific Committee for Food Safety
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* Injection of an overdose of drug with anaesthetic properties is an acceptable method if
modern veterinary principles are applied (i.e., choice of drug and administration route, and
premedication to reduce handling stress and discomfort).
The ad hoc group does not recommend other methods but suggests that premedication is
considered in combination with electrocution or CO-gas.
Evaluation of chloroform as killing method for chinchilla, as requested by the National
Food Safety Authority
The ad hoc group has not been able to find literature describing behaviour or evaluating the
use of chloroform to kill chinchillas. Chloroform has been in widespread as an anaesthetic in
humans as well as animals, but was abandoned because it is unsafe (narrow margin between
anaesthetic and lethal dose). Chloroform is also carcinogenic and hepatotoxic. Presently it has
only a historical relevance. On the other hand, the ad hoc group has found no information to
indicate that it would represent a welfare concern when used for killing of smaller animals.
Premedication
Premedication given in feed or titbits prior to stunning and killing appears as a promising
means to reduce handling stress and discomfort connected with stunning and killing in several
species, including fox and mink. This practice should be considered in combination with
electrocution as well as gas killing methods. Since the ad hoc group has not found any
research results published in this field, and some substances may furthermore have negative
side effects (e.g., nausea), the usefulness and practical application of premedication should be
further researched and developed.

Norwegian Scientific Committee for Food Safety

6

07/807-2-Final

BACKGROUND
The Norwegian Food Safety Authority has requested the Norwegian Scientific Committee for
Food Safety (Vitenskapskomiteen for mattrygghet, VKM), to assess the risk of stress and
suffering of fur animals, including methods of killing. VKM appointed an ad hoc group
consisting of both a VKM member (Panel 8, the Panel on Animal Health and Welfare) and
external experts to make a report on the risk of stress and suffering of fur animals associated
with the use of various methods to kill these animals at pelting. This report from the ad hoc
group is an isolated contribution to the Risk Assessment concerning the welfare of animals
kept for fur production from the Panel on Animal Health and Welfare.
FUR PRODUCTION IN NORWAY
According to the Norwegian Fur Breeders’ Association (Norges Pelsdyralslag) the only fur
species farmed in Norway today are mink, blue foxes and (red/silver foxes). It is several years
since Norway had any production of fur from chinchilla and ferret. The production of fur
varies considerably over years. In 2002/2003 the production was about 300.000 fox and
150.000 mink pelts (SSB 2003).
KILLING METHODS - GENERAL PRINCIPLES
Killing of any animal should be rapid and conducted with a minimum of fear, pain and
discomfort for the animals. The term euthanasia is sometimes used for killing of animals for
non food purposes. Euthanasia is derived from Greek: eu meaning good and thanatos
meaning death. In this report, we use the term killing for planned killing of fur animals as part
of the fur production and euthanasia for the killing of injured or sick animals. In an industrial
setting, where a large number of animals are to be killed within a limited timeframe, also
practical aspects are important. The method should not cause damage to the pelt or reduce pelt
quality, it should be simple to carry out, it should not represent a danger to humans, and it
should ideally be inexpensive. However, irrespective whether the animal is killed for food or
fur, it is important to ensure that the meaning of the term euthanasia is fulfilled, namely that
the animals should be killed as humanely as possible, and that they should not experience pain
or fear.
The International Association for the Study of Pain defines pain as an unpleasant sensory and
emotional experience associated with actual or potential tissue damage, or described in terms
of such damage. Pain is a sensation (perception) resulting from activation of nociceptors and
the following activity in ascending nerve impulses reaching the brain. Under normal
circumstances, these pathways are relatively specific. Nevertheless, the nerve system is plastic
and activation of nociceptive pathways does not always result in pain, and stimulation of
other peripheral and central neurons may also give rise to pain (AVMA 2007). Thus, for
example loud noise or bright light may be painful. For pain to be experienced by a mammal,
the subcortical structures and the cortex must be functional, i.e., the animal must be
conscious. If the brain function is sufficiently depressed by drugs, electric shock, concussion
or hypoxia, pain will not be experienced. The killing method should therefore ideally induce
either instant death or instant loss of consciousness which lasts until death. If loss of
consciousness is not achieved immediately, as is the case when gases are used, the animal
should not experience distress during the induction period, i.e., the period from first
application of method to unconsciousness.
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From a welfare point of view, not only the stunning/killing method per se, but all necessary
preceding handling and restraint of the conscious animal should be considered when
evaluating alternative killing methods. All events that the animals are not accustomed to, may
stress and frighten them. Any handling of live animals must be done as gently as possible.
This is also important for the effect of the stunning method. An already stressed animal will
often respond more violently to an unpleasant gas atmosphere and in general be more difficult
to anaesthetize (Hall et al. 2001).
An obvious welfare advantage to animals farmed for pelts compared to most food producing
animals is that killing is performed on farm in a familiar environment, and that they usually
are handled by familiar persons. Degree of tameness may influence the effort to resist
unpleasant or unfamiliar restraint prior to killing.

TERMS OF REFERENCE
Based on the animal welfare problems outlined in the Norwegian Action Plan on Animal
Welfare (Proposition to the Parliament No 12, 2002-2003), the Norwegian Food Safety
Authority has requested the Norwegian Scientific Committee for Food Safety, Panel on
Animal Health and Welfare to assess the risk of stress and suffering of fur animals, including
methods of killing. This report is addressing the risk of stress and suffering regarding;
1) The killing of mink and ferrets by exposure to carbon dioxide, carbon monoxide,
mechanically-operated instruments which penetrate the brain, injection of an overdose
of drug with anaesthetic properties, cracking the neck after stunning by blow to the
head or electricity, electrocution with cardiac arrest, or other methods
2) The killing of foxes by electrocution with cardiac arrest (with one electrode inserted
in the rectum and the other applied to the mouth), carbon dioxide, carbon monoxide,
mechanically-operated instruments which penetrate the brain, injection of an overdose
of drug with anaesthetic properties, or other methods
3) Assess the risk of suffering in chinchillas killed by exposure to chloroform
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ASSESSMENT
SPECIFIC KILLING METHODS
Electricity
Electricity is commonly used for the stunning of slaughter animals of various species, e.g.,
sheep, goats, pigs, poultry and salmon, and in some countries even cattle. Electrical stunning
is based on the fact that a state similar to an epileptic grand mal seizure can be induced when
electric currents above a certain level are sent through the brain. Based on human reactions,
this kind of seizure is considered to be adequate evidence of unconsciousness (EFSA 2004a).
Electrodes can be applied trans-cranially to conduct a current through the brain (head-only
stun). Electricity can also be used to produce cardiac arrest, thus killing the animal. In this
case electrodes should be applied head-to-body. Cardiac arrest without simultaneous stunning
should not be used, since it is potentially painful to the animal (Gregory 1998). In Norway,
head-only application of electrodes is used for pigs, sheep and goats while head-to-body
application is used for poultry and for fur animals. Recently, a two step stunning method is
being used in pigs, so that cardiac arrest is induced directly after head-only stunning.
Normal brain function is based on the transmission of electric signals in the nerve cells
through neurotransmitters. When an electric current is sent through the brain at stunning, the
system is overloaded and normal transmission is disturbed. Under laboratory conditions an
epileptic seizure can normally be induced in calves and sheep by a current of 1A (500V, 50
Hz) lasting for more than 0.2 seconds. The duration of the seizure will increase with the
application period up to 4 seconds. Aspartate and glutamate (two rapidly acting amino acids)
are released into the extracellular space, together with gamma amino butyric acid (GABA).
These neurotransmitter systems act to synergistically produce the state of unconsciousness
and analgesia sufficient to ensure animal welfare following electric stunning (EFSA 2004a).
For stunning of laying hens and turkeys the EU requires a minimum of 120 and 150 mA
respectively to pass through the brain for at least 4 seconds, using an alternating current of 50
Hz and 220 V. For killing, a minimum of 150 and 250 mA current is recommended for hens
and turkeys respectively, using 50 Hz AC for at least 1 second.
Aspartate and glutamate are believed to facilitate and maintain epileptic activity in the brain.
Also glycine levels rise rapidly, and it is believed to potentiate glutamate, prolonging the
stunning effect (Cook et al. 1995). On the other hand, GABA inhibits neuronal activity and
thus epilepsy (EFSA 2004a). However, GABA concentration does not increase until 18
seconds after the current has been applied, and then lasts for 5-15 minutes. Due to its
repressive effect on brain activity GABA may increase the duration of the seizure. GABA
will also induce an analgesic effect (Tolo et al. 2005). GABA release is stimulated by the
electric current, but it has also been suggested that the release is stimulated by glutamate
(Cook et al. 1995).
The amperage over the brain necessary to induce immediate unconsciousness varies with
species and the circumstances. (Norwegian slaughter regulations define “immediate” as
within 0.5 seconds). When voltage is kept constant, the amperage achieved will depend on the
resistance, or impedance, in the system. The impedance increases proportionally with body
size and fur covering, but decreases with voltage, contact surface, skin moisture and the
Norwegian Scientific Committee for Food Safety
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pressure used to apply the electrodes. Pointed electrodes reduce impedance. Impedance of
living tissues is not constant, but breaks down over time. This means that instruments with
relatively low voltage (<300 volt for sheep and calves) may induce a current less than 1A if
impedance is high, and loss of consciousness may occur only after several seconds. Thus,
voltage must be sufficiently high to immediately overcome tissue resistance. An impulse from
a peripheral nerve requires about 0.15 seconds to be registered by the brain. Ideally the
epileptic seizure should be released within this time period. In practice, loss of consciousness
in sheep and pigs is possible to achieve within 0.2-0.3 seconds (Cook et al. 1995). The
relationship between the various electrical parameters (e.g., frequency, wave forms, current
levels) and effects in relation to epilepsy in the EEG, is not fully known (Raj 1998). The
general experience gained from electric stunning in other species is that the current in practice
must be higher than recommendations based on laboratory studies, if all animals are to be
efficiently stunned. For example, amperage at slaughter of young pigs in Norwegian
slaughterhouses has been increased from recommended 1A to 1.3A and for sows even higher
(E. Tolo, personal communication).
When the stunning current is applied, the animals becomes rigid (tonic seizure), usually
followed by clonic seizures after the current is switched off. Clonic seizures may not be
evident in head-to-body stunned animals.
Electric stunning with head-only electrodes is usually fully reversible; the animal will recover
if not bled within seconds of the electrical stunning. Gregory (1998) recommends sticking
within 20 seconds as a general rule to avoid that the animal regains consciousness. During an
epileptic seizure respiration is absent. During the clonic phase some animals may gasp
occasionally. Recovery of consciousness occurs at some stage following resumption of
rhythmic breathing (Gregory 1998). Analgesia may last for minutes, e.g., longer than the
unconscious state (Cook et al. 1992).
If the current also passes through the heart (head-to-body application of electrodes) this will
normally induce cardiac fibrillation or cardiac arrest. This makes the heart unable to pump the
blood, and the brain will suffer from hypoxia, leading to death. Following this, there is less
risk of the animal regaining consciousness after the stun, and it is not imperative to bleed the
animal immediately. However, the impact on the heart depends on the current frequency
(Hertz) used.
Electric stunning and killing may compromise welfare. Electricity is very aversive to both
animals and humans if the current is too weak to induce immediate unconsciousness, or the
current does not pass through the brain at all. If an electric current is sent through the animal,
but no epileptic seizure is induced, the animal will not be able to move as long as the current
is on, and it will be paralyzed for some time after the current is turned off. If the current only
passes the animal’s body, or the effect on the brain is delayed, the animal will go through
seizures and/or experience cardiac fibrillation (or arrest) while still conscious. Cardiac arrest
is experienced as very painful in humans. Muscle contractions may be forceful enough to
fracture an animal’s spine, which of course is painful in a conscious animal.
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Killing by gas
Carbon dioxide
At standard temperature and pressure carbon dioxide (CO2) is a colourless and odourless gas.
The average concentration of CO2 in the atmosphere is approximately 0.038 % by volume,
although concentration varies with location and time. Concentration in exhaled air is about
4 %. The gas has higher density than air (1.98 g/L compared to 1.29 g/L for air), making it
suitable for use in containers or boxes. When under pressure, CO2 will condensate to a liquid
and may be stored in high-pressure gas containers.
CO2 has anaesthetic properties when inhaled, inducing loss of consciousness. Thus, it is used
for stunning or killing of different animal species. In Norway, CO2 is used for stunning of
pigs and poultry, and mixtures of CO2 and other gasses are used to stun poultry. The gas is
also used for on-site killing of laying hens and for killing of laboratory animals and mink. The
stunning effect depends on gas concentration and exposure time. Prolonged inhalation of
concentrations from 4-5 % may induce loss of consciousness in humans, and at 8 %
unconsciousness is induced after 0.5-1 hour (Anon 1995). The concentration used for
stunning pigs or poultry in abattoirs is considerably higher, and the exposure time is 1-3
minutes. Under these circumstances, loss of consciousness takes place after approximately 20
seconds. Prolonged exposure to CO2 will induce death.

CO2 works through suppressing the transmission of neural stimuli in the brain. Anaesthesia is
induced through pH-reduction in the cerebrospinal fluid and in the brain cells. When CO2 is
inhaled, pH is reduced due to an increase in the partial pressure in arterial blood. The gas will
then diffuse through the blood-brain barrier and cause a respiratory and metabolic acidosis.
Thus, displacement of O2 is not a prerequisite to obtain anaesthetic effects from CO2. It has
been postulated that CO2 will have an anaesthetic effect during the induction period, before
loss of consciousness, but this has not been substantiated by research. It is believed that in
salmon immobility may take place several minutes before loss of consciousness.

When the anaesthetic effect of the gas occurs the animal will lose posture. Respiration
increases early in the induction period and may be observed as hyperventilation or gasping.
Later respiration becomes irregular and then ceases. Convulsions may occur, but typically
only after the animal has lost its posture. At higher concentrations (generally above 30 %) the
gas is pungent and gives a feeling of breathlessness. The use of CO2 is controversial in
relation to animal welfare because of its pungency and the feeling of suffocation which may
create panic. It has for example been shown that pigs show a strong aversion against CO2.
After 24 hours of fasting they refused to enter an atmosphere of 90 % of CO2 to obtain a food
reward. CO2 has been extensively used in aquaculture for stunning of salmon in Norway, but
the method is controversial from animal welfare point of view. A ban against the use of CO2
for stunning of fish is resolved in Norway and will come into force next year. EFSA advices
against the use of CO2 for stunning of laboratory animals, ferrets and foxes (EFSA 2004b).
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Carbon monoxide
Carbon monoxide (CO) is produced from the partial combustion of carbon-containing
compounds and may be found for example in exhaust gas (Anon. 1999). The molecular
weight of CO is about the same as for that of nitrogen (N2), but less than that of O2 and thus
somewhat less than that of air (specific weight 1.25 g/L for CO and 1.29 for air at 0 ºC and 1
atm pressure). It is a very poisonous gas. CO has a very strong affinity to haemoglobin, 300
times stronger than that of O2, and forms carboxyhemoglobin, which blocks the uptake of O2
by erythrocytes, leading to fatal hypoxemia. CO is colourless and odourless and is not
detected by humans. Exposure to 0.5-1 % of volume during 5-10 minutes will cause lethal
poisoning in humans.
Exhaust fumes from combustion engines have been used extensively as CO-source when
killing animals. However, these fumes contain several irritating components and must be
carefully purified and cooled before use. To control purity and concentration of the gas it is
recommended that only commercially compressed CO in cylinders should be used (AVMA
2007; EFSA 2001).
There are few scientific studies available on the use of CO for the killing of animals. Research
has shown that the gas may be suitable for euthanasia of piglets up to 25 kg live weight
(Lambooij and Spanjaard 1980). The gas is also considered to provide a relatively simple and
suitable method for killing of animals for disease control (Galvin et al. 2005, SVC 1997,
AVMA 2000). From an animal welfare perspective CO has been characterized as an almost
ideal gas for killing (Blackmore 1993). For mass killing, some authors recommend a
concentration of > 1 % CO (Galvin et al. 2005, SVC 1997), while others recommend 6 %
(Blackmore 1993).
Most animals collapse and become immobile during the first minute of exposure, and the
heart stops beating after 5-6 minutes. Vocalizing, compulsions and muscle spasms may occur,
but only after the animal has lost consciousness (Blackmore 1993). If the gas is administered
slowly (5.5 L/hour) into a chamber with animals, no negative reactions have been reported,
but at higher flow rates (> 90 L/hour) convulsions occur, possibly while the animals are still
conscious. Since the gas has lower density than air, it is not suitable for use in open
containers. From an animal welfare point of view CO appears to be a good option, however,
occupational hazards and health aspects are of serious concern (very poisonous gas, difficult
to detect, and even exposure to low concentrations may represent a health hazard (AVMA
2007).
Inert gases (argon, nitrogen)
Increased levels of CO2 in inspiratory air act as the most important trigger signal for
respiration in mammals. In contrast to fish, where the regulation of ventilation depends on
signals from O2 receptors, mammals (and birds) seem to show little aversion for anoxic
atmospheres per se. Argon and nitrogen (N2) are inert gases with no odour and taste, and are
in general not found to be aversive. As opposed to CO2 these gases have no anaesthetic
properties. They are used to displace O2 (<2% O2) and create a hypoxic/anoxic atmosphere in
which slaughter animals get stunned/killed. Such controlled atmosphere stunning systems
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(CAS) are installed in abattoirs for poultry in many countries, including Norway. For stunning
of pigs argon may be an option, but high costs and logistic challenges count against it.

Mechanical methods
Mechanical methods are numerous, e.g., blow to the head, shot, captive bolt, and in the
commercial seal hunt, the hakapik.
Blow to the head with a club is an ancient killing method, and if properly performed it causes,
in most species, an instant and irreversible unconsciousness if applied with sufficient force to
the skull (AVMA 2007). However, the method must be evaluated in terms of the anatomic
features of the species in question. Another killing method should be used in addition to
ensure death (e.g., bleeding, decapitation, neck dislocation, physical damage to brain).
Manual blow to the head depends both on physical strength and accuracy, and is less feasible
for industrial killing (i.e., many animals per time unit). In the western world, the method is
therefore not used in large scale killing/slaughter except to stun/kill farmed fish at slaughter.
Rather, it is used for euthanasia of single animals, mainly neonates.
Percussive stunning by an apparatus firing a penetrating or non penetrating bolt into the
animals’ skull, directed towards the brain, is used in several species, from cattle to salmon.
Adequate restraint is important to ensure correct position of the captive bolt. For both
penetrating and non-penetrating bolts, the brain concussion and concurrent bleeding in vital
brain areas (in particular the brain stem) is more important for the stunning effect than the
tissue damage itself caused by the bolt. Exsanguination or another method to ensure death is
usually required.
A shot into the head (free bullet) is not a common method for killing farm animals, mainly
due to security reasons, but is commonly used for farmed deer in Norway and for killing of
adult seals in the Norwegian seal hunt. Firearms may, according to legislation in many
countries, be used to kill runaway fur animals at a distance. The point of aim is then usually
the chest (heart, lungs) which is a larger target area than the brain and reduces the risk for a
non lethal hit. However, the animal will usually not be rendered immediately unconscious.
Cervical dislocation may be used, but on unconscious animals only. The method may be
applied by hand, bending the head backwards, or by a special apparatus. When performed in a
correct way, the medulla oblongata will be damaged as well as arteries, causing depression of
respiration followed by anoxia.

Killing with drugs
Injection or inhalation of lethal doses of anaesthetic agents (e.g., barbiturates, isoflurane) is a
common method used in veterinary medicine to euthanize animals, especially companion
animals and laboratory animals. Depending on the agent and administration method,
premedication is often given. This is considered a humane method.
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Also other substances, which are poisonous but lack anaesthetic effect, are used to kill
animals, particularly pest animals such as rats and mice.
Lethal injections
The preferred drug for euthanasia of pets in Norway is pentobarbital sodium (”mebumal”), a
barbiturate, in a 10 or 20 % solution. A dose of 40-60 mg pr kg is considered lethal for dogs
(Branson 2001). The drug is a CNS depressant and usually results in a quiet and easy
euthanasia (EFSA 2004a). The solution may be injected intravenously, intraperitoneally or
intracardially. However, the intraperitoneal route is rarely used in larger companion animals
such as dogs. The World Organisation for Animal Health (OIE) recommends that
intraperitoneal administration is used only in animals below 7 kg of bodyweight, and only
using a non-irritating agent (OIE 1997).
Barbiturates are tissue irritants, and premedication of the animal may be required to minimise
pain and distress. Diluted solutions may not be as painful, but intraperitoneal injections of
concentrated pentobarbital solutions should only given to unconscious animals, as should any
intracardial injection. The intravenous route constitutes less of a risk, but painful extravasal
injections may occur because of problems with inserting the needle or catheter correctly.
Possible side effects of killing by pentobarbital include agitation, vocalisation, defecation and
urination.
T-61® is a commercial compound made up of three different drugs, one of which is a
neuromuscular blocking agent. Internationally, it is widely used for euthanasia of small
companion animals and in some cases also larger animals, such as horses. T-61® is
considered the ”first choice of drug” by EFSA (2004a). However, it must be administered
intravenously as other administration routes may interfere with the relative absorption rates of
the three active drugs. The use of a pre-medication routine is therefore relevant (see above).
Magnesium sulphate is a neuromuscular blocking agent. It must be administered
intravenously, and in unconscious animals only (EFSA 2004a).
Potassium chloride is a cardiotoxic agent. It must be administered intravenously or
intracardially, and in unconscious animals only (EFSA 2004a).
According to Norwegian legislation lethal injections require the presence of a veterinary
surgeon (The Norwegian Animal Health Personnel Act; Dyrehelsepersonelloven, 2001), thus
imposing increased expenses on the fur farmer. The drug cost, which can be rather high, add
to these expenses. Injection is likely more time-consuming than electrocution since the animal
must be carefully restrained during i.v. injection, alternatively there will be an extra round of
handling and injecting if a premedication/sedation routine is applied.
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Anaesthetic gas inhalation
The anaesthetic gases (e.g., isoflurane vapour) produce anaesthesia, which is easily reversed
by limiting or stopping the supply of gas. Gas inhalation is the preferred method of
anaesthesia for most major surgical procedures in small animal practice. The gas is usually
supplied to a premedicated animal through a mask.
Ether has been used to anaesthetise or kill various species. However, it induces anaesthesia
slowly with an evident excitation phase and is irritating to the eyes and nose, to the extent that
it has been used to create a model of stress. It also poses risks associated with its flammability
and explosiveness (AVMA 2007). Thus, ether is not a method of choice.
Chloroform vapour is not used in veterinary practice today, but has previously been used for
anaesthesia prior to certain surgical procedures such as castration of horses. The Fur Animal
Manual (Pelsdyrboka; Helgebostad et al. 1969) describes it as a method of choice to kill fur
chinchillas. The use of chloroform has been abandoned because of its low therapeutic index
and because it poses a personnel health hazard. Löliger (1984) claims that there are no signs
of violent excitation when chloroform is used and finds no reason to discourage this method
of killing chinchillas and maybe mink. However, chloroform is on the AVMA list of
unacceptable killing agents (AVMA 2007).
Killing of fur animals by anaesthetic gas most likely requires a closed chamber and will
therefore be feasible only for smaller species of animals, such as mustelids and chinchillas.
Substances such as isoflurane are expensive, and the ad hoc group is not aware of any
instances where this type of gas has been used for killing of fur animals.
Ingested drugs
It may be possible to find agents that can kill when administered through feed or drinking
water. However, variation in concentration, appetite and animal size pose a risk that
individual animals ingest a sublethal dose, and it should therefore be combined with another
killing method (e.g., electrocution, gas). For instance, spent hens have been given alphachloralose through the feed before killing by carbon dioxide (Mejdell and Lund 2006).
The disposal of contaminated carcasses may pose an environmental hazard.
PREMEDICATION
Premedication given to the animal in its cage in feed or titbits prior to stunning and killing
appears as a good means to reduce handling stress and discomfort connected with stunning
and killing in several species, including fox and mink. This practice should be considered in
combination with electrocution as well as gas killing methods.

Norwegian Scientific Committee for Food Safety

15

07/807-2-Final

Premedication/sedation by injection
Alpha2 receptor agonists (e.g., Domitor®, Rompun®) are widely used in veterinary medicine.
The drugs produce sedation and some analgesia in many animal species. They are also
frequently used in combination with ketamine (e.g., Ketalar®) to give deep sedation/light
anaesthesia. Recommended dosage for different species, including foxes, mink and ferrets,
can be found in the Norwegian Veterinary Pharmaceutical Product Compendium
(Felleskatalogen for veterinære preparater; Arnemo et al. 2006).
Alpha2 agonists cause a drop in blood pressure. This can make it difficult to perform an
intravenous injection. Another common side effect is nausea and vomiting. At the polyclinic
of The Department of Companion Animal Clinical Sciences of The Norwegian School of
Veterinary Science, premedication is applied with a so-called ”Zoletil-mix”, prepared by
adding 10 ml of Rompun® (xylazine) and 0.5 ml of Torbugesic® (butorphanol) to the dry
matter vial of a Zoletil Vet.® (tiletamine and zolazepam) kit. The resulting mix contains (per
ml): 12.5 mg tiletamine, 12.5 mg zolazepam, 20 mg xylazine and 0.5 µg butorphanol. It is
reported to be very efficient and may be superior to many other premedication protocols,
because of the analgetic properties of butorphanol. Dosage of the mix is about 1 ml per 10 kg
body weight. The mixture can be used in several species including ferrets and chinchillas.

Premedication/sedation by ingestion
Premedication by injection produces some additional stress caused by handling, an aspect that
must be included in a comprehensive assessment of any protocol. On the other hand,
premedication by a drug which is ingested will not necessitate extra handling of the animals.
Distribution via feed rather than drinking water seems to be the more relevant route, since
adding chemicals to the drinking water raises concerns of control over drug concentration,
quantity being drunk, as well as contamination of the water supply. The drug may for
example be given through titbits that the animal is made accustomed to receiving as a reward
for making contact with people. However, the ad hoc group has not found any research results
published regarding premedication of fur animals by ingestion. Any novel regimen must be
tried and tested specifically regarding legality, safety and efficiency, thus it is necessary to
research and develop this practice further. Another aspect that must be tested is whether the
drug causes any negative side effects.
There are several drugs that may be relevant for premedication through feed. The combination
of a sedative or anxiolytic and an opioid analgesic holds a long standing tradition in
veterinary medicine. The analgesic drug creates a synergistic effect and reduces the amount
needed of the former drug. Other analgesic drugs, for example the NSAIDs, do not have this
effect. Furthermore, the analgesic effect may be significant if the animal will be subjected to
potentially painful procedures, as discussed in the present report.
Certain drug combinations of the type mentioned have a long history of use in veterinary
medicine and are recognised for their reliable effect, which in some cases approaches
anaesthesia. For instance, the combination of fentanyl and fluanisone produces
neuroleptanalgesia. The most frequently used drugs of this kind in Norway are given as
injections and exist as injectable substances only, nevertheless similar drugs if available as
tablets or liquids, will highly likely work to the desired effect when given via the
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gastrointestinal route. However, it is important to consider that many drugs also cause
unpleasant side effects such as nausea or agitation. Such effects may be dose related or
associated with physiological features specific to each animal species.
The ad hoc group suggests that the following drugs may be tested out for peroral
premedication of fur animals before stunning and killing:
-Benzodiazepine derivatives, e.g., diazepam, e.g., Valium®. Widely used in human medicine
as anxiolytics, these drugs are also used in veterinary medicine. These drugs are not registered
or marketed specifically for use in animals in Norway, but off-label use is fairly common.
-Phenothiazine derivatives, e.g., levopromazine, e.g., Nozinan®. These drugs are used in
veterinary practice as sedatives. One drug is registered for use in animals (dogs) in Norway.
These drugs are potentiated by diazepam. Effect or dosage in fur animal species is not known.
-Barbiturates, e.g., pentobarbital. Barbiturates are unspecific CNS depressants and also have a
sedative effect. These drugs are potentiated by diazepam. Palatability may be a problem as
barbiturates are said to have a bitter taste.
-Chloralose is a rodenticide with a CNS-dissociative mode of action and an anaesthetic-like
effect. Its illegal use as a bait poison suggests that it is palatable and will be readily ingested
by several species of animals. Alpha-chloralose has been used to sedate spent hens prior to
killing by gas (Mejdell and Lund 2006). The ad hoc group has not been able to find references
on recommended doses, but according to Branson (2001), it can be used as an anaesthetic in
many species.
-Opioids. There are no peroral drugs in this group specifically for veterinary use registered in
the Norwegian Veterinary Pharmaceutical Product Compendium (Arnemo et al. 2006).
However, in human medicine there are numerous such drugs, which most likely have the
desired effect also in fur animals. It must be noted that the high potential for abuse and
addiction in humans makes the distribution and handling of opioids a human security and
health hazard.
Prior to pelting, feed rations are usually restricted, thus the animals may have an increased
appetite. Premedication drugs could be concealed within a palatable food such as titbits. The
animal’s regular feed may work, otherwise a more attractive ”bait” must be found. Most dogs
will swallow pills covered in a bit of sausage, liver paste, cheese etc. The silver fox seems to
have a general eating behaviour similar to dogs, whereas the blue fox takes smaller bites and
also eats its meal more slowly. Blue foxes may thus be unlikely to swallow a pill, a
consideration which also applies to mink. It may be better to use a crushed pill or a liquid,
mixing it with the food which is then placed e.g., on a paper plate inside the cage. Foxes have
been shown to accept easily digested titbits for dogs when accustomed to these. Hence,
adaptation to types of titbits that can carry premedication drugs may be possible.
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KILLING METHODS USED FOR MINK, FERRET, CHINCHILLA, AND FOX
(BLUE FOX AND SILVER FOX)

Mink
Today, mink in Norway are killed by exposure to either CO2 or CO gas. It is unknown
whether electric stunning, which dominated some years ago, still is used in Norway.
Carbon dioxide
Procedure according to Norwegian Industry Guidelines
The Norwegian Fur Breeders’ Association (Norges Pelsdyralslag) has provided guidelines for
farmers on the killing of mink by CO2:
An airtight chamber must be used. Joints should be sealed with silicone and the lid should
have rubber trimming. Only certified gas cylinders should be used. The gas flasks are
constructed in such a way that they release the same volume of gas at the time of running on
empty as when first opened. This secures an even, constant flow of gas. During periods with
low environmental temperatures, the valve should be controlled to prevent it from freezing. If
frozen, the valve may be thawed using a heated cloth. Before the killing the box should be
filled with gas and the gas flask should then be opened. The box is filled over a time period of
at least five minutes. Thereafter, the gas pressure should be reduced before the animal is let
into the box. Minks should become unconscious within 15-20 seconds. At least 6 minutes
should pass from the moment the last animal is killed until the box is opened.
Report from on farm demonstration of killing of mink using CO2
Members of the ad hoc group observed killing mink by CO2 during a farm visit on Dec 6th
2007. The box (see Figure 1) was made of waterproof plywood. It was purchased from a
Danish manufacturer, and the Norwegian Fur Breeders’ Association claims that most
chambers used today are purchased, not home made. The gas flask, containing CO2 gas under
pressure, was fixed to the outside of the chamber. There was a pressure gauge but no
monitoring of CO2 concentration. The gas inlet was located at the bottom of the chamber, and
the gas was let in through a perforated metal pipe. There was a wire mesh floor 5 cm above
the chamber floor. The farmer had installed a wire mesh cylinder with a diameter of 10 cm,
standing upright on the base of the floor. This ensured the gas flow into the chamber even
when the floor was covered with dead/dying animals. On the top of the lid there was an
opening through which the mink was put into the chamber. An inspection lid was installed the
day before the demonstration to allow us to observe the animals’ behaviour.
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Fig. 1A

Fig. 1B

Figure 1. Transportable box designed for killing mink by CO2 gas.Animals are introduced one by one
via a sluice in the lid. Note the gas cylinder (Fig. 1A.). The gas inlet is in the bottom of the box,
underneath a wire mesh floor (Fig.1B).

A transportable CO2-meter was used, and also a light source which was placed inside the gas
chamber. The farmer was asked to use the equipment in the same way he was routinely using
it. After the recommended 5 minutes when the chamber was filled and the pressure adjusted,
the CO2 meter showed 70 % CO2 by volume. However, this level was not reached until close
to 5 minutes. The mink was then taken out of its cage by the stock person (wearing gloves),
carried one by one to the killing chamber which was placed outside the shelter, and the mink
was put into the chamber via a lid on the top of the box. We observed 10 mink (7 females and
3 adult males). When let into the chamber, they displayed exploratory behaviour, but did not
seem distressed. Coughing or sneezing was not observed. The animals lay down after about
35 seconds (range 24-42 sec). Shortly before the animals lay down, the movements became
uncoordinated, and a few animals increased their activity level at this point. Others lay down
for some seconds but then moved to another position. The animals ceased moving 49-72
seconds after the first contact with CO2. When recumbent, most of the animals showed some
convulsions, displaying gasping and forceful abdominal breathing, a few also vocalized. All
visible movements (breathing included) were gone after 90 to 179 seconds. Results are
summarised in Figure 3. Gas concentration varied from 68 to 74 % in the chamber. All
animals were clinically dead when removed from the chamber. No animals were bleeding
from the nose, eyes or mouth. The smell of anal gland secretion was conspicuous, indicating
that the animals had been stressed. It is not known whether this stress was due to the CO2 gas
or the preceding handling.
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Literature findings regarding the use of CO2 in mink
Lambooy (1984) reported that CO2 causes considerable excitation in mink. Cooper et al.
(1998) showed by behavioural preference testing that mink find CO2 highly aversive (they
tested 80 % CO2 in air). They concluded that less aversive techniques should be used to kill
mink.
Hansen et al. (1991) compared different gasses for killing of mink. They reported that 100 %
CO2 induces unconsciousness within on average 19 seconds and 70 % CO2 (in air) within 28
seconds. However, the tested animals were still alive after 15 minutes exposure to 70 % CO2.
Carbon monoxide
Procedure according to Norwegian Industry Guidelines
The Norwegian Fur Breeders’ Association (Norges Pelsdyralslag) has provided guidelines for
killing of mink, using CO in exhaust fumes. An airtight chamber must be used. Joints should
be sealed with silicone and the lid should have rubber trimming. Minimum 98 octane gasoline
is to be used, as this quality is considered to yield maximum CO. The fumes should be filtered
and cooled before use and transferred via the chamber floor. The engine must run for at least
5 minutes before animals are placed in the chamber, and the engine must run continuously.
Mink will lose consciousness after 30-60 seconds. The lid must not be opened until minimum
8 minutes after the last animal is placed in the chamber. Information is given that CO is very
poisonous and heavier than air. The chamber may only be opened outdoors, and the operator
must avoid leaning into the chamber.
Report from on farm demonstration of CO killing of mink
Members of the ad hoc group observed killing of mink by CO during a farm visit on Dec 6th
2007. A chamber of similar size to the one described for CO2 was used on the other farm. The
equipment was a Multipumpa™ WG 160, bought from a Danish producer (Multipumpa™)
(Figure 2). It was delivered from the producer with a small inspection window on the lid.
A 5.5 hp petrol engine was attached to the outside wall, and exhaust fumes was used as CO
source. The engine was used to transport the box to and from the animal shelters. The exhaust
fumes were conducted through a 3.5 litre water container to be cleaned and cooled. The
representative from the Norwegain Fur Breeders’ Associaton told that other killing gas
chamber models used rock wool mats and not water to rinse and cool the exhaust. The water
was replaced after each batch of animals. The farmer informed us that the capacity (each
batch) was 60 males or 90 females. The gas chamber did not have equipment to measure CO
levels. The mink was taken one by one out of the cage by the stock person wearing gloves,
and carried outside the shelter where the killing box was parked. The mink was put into the
chamber through a lid at the top end of the box. We had placed a light source in the chamber,
but through the inspection window we had an overview of only about half of the chamber
area. Typically, the mink showed exploratory behaviour when inserted into the chamber. It
moved around the chamber, often in a number 8 pattern, investigating the new surroundings.
After 30-90 seconds, the mink lay down. Some of the animals showed a period of restlessness
or some agitation shortly before they lay down. They increased their speed and often sniffed
the walls and inspection window. It could not be determined whether this was a reaction to
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the uneasiness of feeling dizzy and losing control or an attempt to find fresh air. Panic
reactions, coughing, sneezing was not observed. Most animal showed some motor activity
(stiff tail, leg movements/convulsions) in recumbent position. We believe from the
observations that these took place in the unconscious animal, but this could not be verified. It
took 17-60 seconds from the animals lied down until there were no visible movements (incl.
breathing movements). A time lapse of 52-185 seconds passed from the animals were put into
the chamber until all visible movements (including breathing) had ended, the results are
summarised in the figure below. When the animals were taken out of the chamber, all were
clinically dead. There was a strong smell of exhaust, but no anal gland secretions odour could
be detected.

Fig. 2A

Fig. 2B

Figure 2. Gas chamber for killing mink by CO from exhaust fumes ( Multipumpa™ WG 160).
Animals are introduced one by one via a sluice in the lid (Fig 2A).
Note the water tank where exhaust fumes are rinsed and cooled (by arrow in Fig.2B).

Literature findings regarding the use of CO in mink
Lambooy et al. (1985) compared two sources of CO; pure CO from cylinder and exhaust
fumes rinsed through water and a glassfibre filter. The animals were put into a chamber
prefilled with CO from one of the sources. Concentration of CO in the gas chamber differed
between the sources, being 0.8-1.0% in the exhaust group and 3.4-3.5 in the pure CO group.
Mink exposed to CO from a pure source moved quietly around. Half of the group (8 animals)
showed some convulsions lasting for 4 +/- 3 seconds. Mink exposed to filtered exhaust moved
nervously and became extremely excited. After an average of 23 seconds all but one of 14
animals showed convulsions lasting for on average 12 seconds. EEG monitoring showed that
the group with a pure CO-source reached a phase with decreased consciousness and coma
significantly sooner (13 and 21 seconds) than the exhaust group (20 and 30 seconds,
respectively). Time at when isoelectric EEG appeared did not differ significantly between
groups (approx. 36 seconds). The group exposed to the pure CO showed convulsions during
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deep coma only, whereas in the exhaust group, convulsions took place also during the period
of decreased consciousness. Lambooy et al. conclude that the use of pure CO can be
recommended for the killing of mink.

Killing of mink by CO or CO2

behavioural event
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Figure 3. Observations for CO and CO2, respectively, made at farm visits Dec. 6th 2007.
Time from when the mink was let into the chamber until it lay down, and until movements (including
respiration) was no longer visible.

Hansen et al. (1991) investigated the use of 4 % CO from a pure gas source. The animals
were judged to be unconscious after on average 64 seconds (SD 14), which was considerably
longer than for CO2 (19 sec, SD 4). Convulsions of variable type and duration was observed
in 6 out of ten animals, but only after the animals were judged to be unconscious (phase III).
In this phase, respiration initially became deep and quick, then less frequent before it ceased.
A few animals emitted faint whimpering sounds. Splenomegaly (enlarged spleen) was found
post mortem in three animals.
Inert gases (argon, nitrogen)
Inert gases (argon, Ar, and nitrogen, N2) are not used for killing mink on commercial farms.
The partly aquatic biology of mink suggests that they can sense anoxia and react differently
on Ar/N2 than strictly terrestrial animals. Physiological responses to diving apnoe are
progressive, e.g., bradycardia and vasoconstriction. Bradycardia does not seem to be
distressing per se, and mink will continue to forage/hunt under water until the bradycardia
exceeds a certain threshold, at which point they will get out of water to recover in air before
repeating a dive. Raj and Mason (1999) studied the behaviour of mink to argon atmosphere (<
2% rest O2). The mink showed no initial reactions to the gas, but left the chamber after
approximately 15 seconds and lied down with hyperventilation. After recovering in air, they
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voluntarily and repeatedly entered the argon chamber (which contained a novel object). Raj
and Mason concluded that argon is not aversive to mink, but since mink are able to detect and
avoid hypoxic states, forcing them to stay in an anoxic atmosphere until they are rendered
unconscious raises important welfare concerns.
Hansen et al. (1991) tested N2 atmosphere (<2 % O2) for killing mink. It took on average 76
seconds before the animals were judged unconscious, but the variation was considerable (SD
38 sec). When the animals were judged unconscious, hyperventilation occurred followed by a
brief but violent clonic convulsion. The animals were lying still for a period before the legs
went rigid and stretched (tonic convulsion), before the musculature relaxed. Post mortem
examinations revealed lung emphysema in two animals and splenomegaly in one out of ten
animals.
Electricity
Electricity has been widely used in Norway to stun mink. Immediately after stunning, the
neck is broken. This is done manually by bending the head backwards till the neck fractures.
This causes a severe damage to the spinal cord, leading to death.
In the Fur Animal Manual (Pelsdyrboka; Helgebostad et al. 1969) an apparatus designed like
a narrow cage is described , where the mink is unable to turn around. The bottom consists of
two separated wire mesh or metal sheet parts, one for front feet and one for hind feet, and the
parts are connected to the two poles of an electric power source. Since electric current is not
conducted through the head when the apparatus is switched on (this happens only when the
animal has collapsed, causing its head touch the front metal plate) the loss of consciousness is
not immediate, and the animal will experience pain from the electric current passing its body
(e.g., causing tonic muscle contraction, cardiac fibrillation and arrested respiration).
Later, another equipment (Euthanatos 2™) replaced the cage described above (Figure 4 and
5). The apparatus is described by Loftsgard et al. (1972) and has been used until recently in
Norway. It delivers 200V alternating current. The current passes from the animals’ nose
through the head and body to the hind legs. The mink is held by the operator, who is wearing
gloves during the procedure. The hind paws are placed on a metal plate and the mink’s nose is
pressed towards another metal plate, making an electric current pass through the animal’s
head and body. If sufficient voltage is used, the animal will be rendered unconscious
immediately, and may die from cardiac arrest.
Generally, unconsciousness after electric stunning lasts a relatively short time and death must
be assured within this time limit. This is also necessary when using the head to body stunner
described by Loftsgård et al. (1972) as they found that most mink would recover. In principle,
different killing methods may be applied. In practice, the common procedure has been to
fracture the animals’ neck immediately (within 20 seconds) after electric stunning. To do this
manually is hard work. The transition to gas killing has therefore improved working
conditions for the personnel.
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1. Mounting plate (plastic or hardwood)
2. Plastic housing
3. Opening for nose plate
4. Metal nose plate (one pole)
5. Batteries
6. Vibrator (makes pulsed direct current - pDC)
7. Transformer
8. Microswitch
9. Wire mesh plate (the other pole)
10. Glim lamp
11. Key switch

Figure 4. Sketch of device for head to body electrical stunning of mink (illustration from
Loftsgard et al. 1972).

Electric stunning is widely used in slaughter plants, both head only and head to body
application (see, e.g., www.grandin.com). Provided that electrodes are placed correctly, and
the equipment is maintained so that sufficient amperage passes the brain, few dispute the
humaneness of the method per se when applied to slaughter animals. However, the American
Veterinary Medical Association’s guidelines (AVMA, 2007), states that electrocution is not
acceptable in fur animals (see more details at 6.5.1 foxes).

Figure 5. Photo of the same device as above. The mink is held by the operator. The hind paws are
placed on the metal plate on the floor and the nose is pressed against the metal plate in the front.
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Drugs
Lethal injections in mustelids (mink and ferret) can be administered as intraperitoneal
injections of sodium pentobarbital. This is likely to be painful (but depends on concentration).
Premedication with a sedative and an analgesic would decrease the risk of pain and fear.
Legislation and practices regarding mink in some other countries
Denmark: Killing of fur animals is regulated in BEK nr. 583 (Bekendtgørelse av slaktning og
aflivning av dyr) from 2007, which gives detailed provisions. Mink and ferret can be killed by
either penetrating captive bolt, injection of lethal substances (chloralhydrate is not legal, and
muscle relaxantia may only be used on anaesthetised animals), electrocution (the equipment
must have an ampere meter), CO (rinsed exhaust may be used as source) or CO2 (highest
possible concentration from gas cylinder). CO gas killing is the most commonly used method.
Finland: Killing of fur animals is regulated in national directive F11 Djurskyddskrav vid
avlivning av animalieproduktionsdyr som hör till däggdjuren eller fåglarna JSMb, beslut nr.
18/VLA/96 (Anon. 1996). Mustelids (mink and ferret) may be killed by electricity, CO, CO2,
shot in the brain, or given an overdose of a suitable anaesthetic agent (must be done by a
veterinarian).
When electricity is used, the current must pass through the brain and heart and cause
unconsciousness and cardiac arrest. When CO is used, the animal must not be put into the
chamber before the concentration is at least 1 % by volume and must be kept at least at this
level till the animals are dead, minimum 4 minutes. Combustion engine may be used as a
source for CO for mustelids and chinchillas. The exhaust fumes must be filtered and cooled
and all irritating substances removed. When CO2 is used, the chamber must be constructed so
that the animals do not injure themselves. It must be possible to inspect the animals. Animals
must not be introduced into the chamber until the CO2 concentration is at least 20% by
volume, and they should be in the chamber until they are dead, and no less than 4 minutes. A
gun or a captive bolt pistol may be used for killing foxes. If a mechanical instrument is used,
death must be ensured by exsanguination. CO gas killing is the most commonly used method.
Sweden: Killing of fur animals is regulated in a national directive (SJVFS 2007:77, Saknr.
22). Mink can be killed by exsanguination of unconscious animals; by a shot to the head, so
that the brain is hit and the animal is rendered immediately unconscious; by injection of a
suitable drug (performed by a veterinarian); by inhalation of anaesthetic drug; or by inhalation
of CO2 gas. If CO2 is used, it is recommended that the animal is sedated / tranquilized first. A
blow to the head may be used for killing young kits. CO2 gas killing is the most common
method.
The Netherlands: Dutch law forbids any use of CO2 (EFSA 2001). CO gas killing is the
commonly used method.
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UK: The welfare of animals (slaughter or killing) Regulations 1995 allows three methods;
lethal injection of a drug with anaesthetic properties, CO > 1%, or 100% CO2.

Ferret
Methods used for killing mink can in principle be applied for killing ferrets. The ad hoc group
has not come across publications studying killing methods or reactions to different gas
atmospheres in ferrets.
Currently, ferrets are not farmed for fur production in Norway. However, during the last years
ferrets have become popular as companion animals. According to The Norwegian School of
Veterinary Science, it is recommend that pet ferrets are euthanased using Zoletil mix (i.e., a
mixture of tiletamine, zolazepam, xylazine and butorphanol) as premedication, given as a
subcutaneous injection followed by a preferably intravenous, or if not feasible, an
intraperioneal injection with the barbiturate pentobarbital.
Legislation and practices regarding ferret in some other countries
Denmark: See mink
Finland: See mink
Sweden: Killing of fur animals is regulated in a national directive (SJVFS 2007:77, Saknr.
22). Ferrets can be killed by the same methods as minks. Ferrets with body weight less than 1
kg may be killed by decapitation. If body weight is more than 150 g, the ferret must be
unconscious when decapitation takes place.

Chinchilla
Currently, chinchillas are not farmed for fur production in Norway. However, chinchillas are
kept as companion animals.
Killing methods
In the Fur Animal Manual (Pelsdyrboka; Helgebostad et al. 1969) two killing methods for
chinchillas are described:
- CO from exhaust fumes may be used in a similar way to that described for mink.
- Chloroform vapour may be used. The chamber should be small, maximum 30 cm high and
completely airtight. A 5 cm diameter hole is drilled in the lid. A pouch (appr. 6-7 cm long)
made of insect net is filled with cotton wool and attached to the hole, inside the chamber.
After the animals are placed in the chamber, the cotton wool is soaked with chloroform
(approximately 5-10 g chloroform per animal) and the hole is sealed. Animal welfare relevant
information on the use of chloroform is not given. Löliger (1984) wrote about this method:
”…(chinchillas) do not show signs of violent excitation; they become narcotized within about
20 seconds and death follows about two minutes later.”
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However, due to the toxicity of chloroform, he argues that the use should be limited for
human safety reasons. According to the AVMA, chloroform is carcinogenic and hepatotoxic
and should not be used at all (AVMA 2007).
EFSA states that gaseous inhalation does not function in chinchilla, since they can lose hair if
the pelt becomes wet or humid (EFSA 2001). In Germany, chinchillas in fur production have
been killed by chloroform vapour, by injection of different agents, or by breaking the neck
(i.e., cervical dislocation; Körner 1984, Löliger 1984). According to Löliger (1984), the
killing of chinchillas by cervical dislocation may lead to fur hair losses. It is unclear whether
this happens if the animals are stunned prior to neck dislocation.
The EFSA-report on laboratory animals lists methods for killing of rodents (EFSA 2004b).
Acceptable methods are gas anaesthetics (halothane, enflurane and isoflurane), sodium
pentobarbitone, T-61 (i.v. administration), argon, CO2 (only to be used on unconscious
animals). Less preferred methods are concussion and cervical dislocation. CO is not
recommended due to danger to the operator. Not to be used are, among others, N2, HCN
(cyanide), chloroform, chloral hydrate, and neuromuscular blocking agents.
At The Norwegian School of Veterinary Science, pet chinchillas are euthanized using Zoletil
mix (i.e., a mixture of tiletamine, zolazepam, xylazine and butorphanol) as premedication
given as a subcutaneous injection followed by an intraperitoneal injection with the barbiturate
pentobarbital.
The BSAVA Manual of Exotic Pets states that euthanasia of chinchillas is best accomplished
by inducing anaesthesia with isoflurane or halothane in a gas chamber, followed by an
intraperitoneal injection of pentobarbitone (BSAVA 2002).
Legislation in some other countries
Denmark: Killing of fur animals is regulated in BEK nr. 583 (Bekendtgørelse av slaktning og
aflivning av dyr) from 2007, which gives detailed provisions. Chinchilla can be killed by
either penetrating captive bolt, injection of lethal substances (chloralhydrate is not legal, and
muscle relaxantia may only be used on animals which are anaesthetised), electrocution (the
equipment must have an ampere meter, and the effect must be minimum 0.57 ampere for
minimum of 60 seconds), chloroform vapour, CO (cleaned exhaust may be used as source) or
CO2 (the highest possible concentration from a gas cylinder).
Finland: See mink.
Sweden: Chinchillas may be killed using electricity. The current should pass through the brain
to ensure immediate unconsciousness and the body to cause cardiac arrest. The directive
(SJVFS 2007:77, Saknr. 22) also gives technical requirements for the equipment. The use of
ether and chloroform is banned.
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Fox
In Norway, the current method of choice for killing of both blue and silver foxes is
electrocution.
Electrocution
The apparatus used in the Nordic countries is quite simple. The apparatus consists of to rod
shaped metal electrodes or poles, connected through a holder with the on-off button to the two
poles on an engine battery (Figure 6). There is no amperemeter. According to the technical
specification given by the producer, the electrodes deliver 220 V AC, 250 mA. One rod is
inserted into the animals’ rectum, the other is presented to the fox’ head, and the fox will then
bite the electrode (Figure 7). This ensures very good electrical contact. The current should be
left on until the animal is dead and for a minimum of 3 seconds. The manufacturer’s advice is
to leave the current on for 5 seconds. The “Euthanatos™” model 3 has until recently been
manufactured in Norway but is no longer in production. The “Fox Final™” apparatus used in
Finland is a Finnish copy/equivalent of the Euthanatos 3™.
Demonstration of electrocution of foxes
Members of the ad hoc group visited The University of Life Sciences (UMB) research farm at
Ås on December 20th 2007 for a demonstration of electrocution of 5 blue foxes with the
Euthanatos 3™ as described above. The battery (an ordinary 12 V car battery) was used to
start the feed wagon, which was driven to the shelter. The functioning of the battery was thus
tested.

Figure 6. The Fox FinalTM apparatus with the two electrodes, clamps and battery
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Figure 7. Electrocution of blue fox. An electrode is first carefully inserted into rectum and then the
other electrode is presented to the fox's mouth, whereupon the fox readily bites the rod. The current
then passes through the body, which immediately becomes stiff.

The wagon was parked at the end of the shelter, just inside the opening. The wagon
functioned as a visual barrier to the killing site. The two clamps of the Euthanatos 3™ were
attached to the battery poles. The fox was caught by neck tong, removed from the cage and
carried to the site. The animal’s body was supported during this event. The neck tong handle
was attached to a hook on the wall and the stockperson held the tail of the fox. One rod (pole)
was carefully inserted into the rectum. The rectum was partially open, thus, this could be done
without using force. The other pole was presented towards the mouth of the fox, which bit the
rod. The button was pressed for three seconds (the operator counting silently), then repeated
twice with a few seconds in between. When the current was switched on, the fox immediately
became tonic with closed eyes. There was never a clonic fase. After the electric stimulation,
the body was relaxed.
Publications / scientific advice on killing of foxes
The study commonly referred to when it comes to electrocution of foxes dates from 1983
(Lambooy 1983). In this study, voltage and amperage were recorded during electrocution of
40 foxes using the Finish apparatus “Fox Final™”. Electrodes were placed in the fox’s rectum
and mouth. On average, the voltage was 111 V and the current 0.31 ampere. Initially, the
application time was 1 second. This turned out to be too short and it was then extended to 3-4
seconds. Altogether 12 foxes were used for EEG (surgically implanted electrodes) and ECG
monitoring. All 12 foxes showed epileptiform EEG and cardiac fibrillation (ECG)
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immediately after stunning, and 10 of these did not recover. Two animals recovered and were
stunned a second time. Lambooy concluded from this study that the current should be at least
0.3. A and last for at least 3-4 seconds.
The American Veterinary Medical Association's (AVMA) guidelines for euthanasia (2007),
states: “Electrocution has been used for killing foxes and mink. The electric current must pass
through the brain to induce loss of consciousness before electricity is passed through the rest
of the body. Electric stunning should be followed by euthanasia, using some other technique.
Cervical dislocation has been used in mink and other small animals and should be done within
20 seconds of electric stunning. Use of a nose-to-tail or nose-to-foot method alone may kill
the animal by inducing cardiac fibrillation, but the animal may be conscious for a period of
time before death. Therefore, these techniques are not acceptable.”
A recent, unpublished scientific report from Finland (Korhonen et al. 2006) describes an
experiment on 15 female adult blue foxes subjected to electrocution with the apparatus “Fox
Final™”. Mouth and rectum electrodes were applied after the animals were sedated with
medetomidine (60 microgram/kg). Breathing, motor activity, ECG, EEG, brainstem auditory
evoked responses (BAER) and reflexes (corneal, palpebral) were monitored before and after
stunning until the animal was dead. Stunning current was 0.32 to 0.69 A, and application time
ranged from 2.32 to 5.21 seconds. EEG recording showed a status epilepticus pattern in all
foxes immediately after stunning, and no foxes returned to normal brain activity. All foxes
had respiratory arrest and cardiac arrest or fibrillation after stunning, and these changes were
irreversible. Palpebral and corneal reflexes were absent in all but 3 foxes in which the corneal
reflex was present for 10 seconds before it faded away. Most foxes had some low amplitude
tremor in facial muscles and limbs 1-3 minutes after stunning. BAER registration indicates
that the brain (i.e., the brain stem) is able to respond to auditory stimuli initially, but the
response faded away over time. In conclusion, the authors find that the method is safe and
quick, produces immediate and irreversible unconsciousness and is therefore humane.
Gases
The ad hoc group has not found any information regarding killing of farmed foxes by the use
of gas.
Mechanical methods
Captive bolt may be used for foxes. However, the method is dependent on sufficient fixation
of the animal, which may cause stress. Also, the method causes a physical damage to the pelt
and may contaminate it with blood etc.
Drugs
Lethal injections in foxes may be done using sodium pentobarbital or T-61. T-61 is not
recommended for intraperitoneal administration. Sodium pentobarbital must also be
administered intravenously or intracardially as the intraperitoneal route is not recommended
for animals weighing more than 7 kg. Furthermore, in blue foxes the presence of large
deposits of abdominal fat makes intraperitoneal administration of drugs an unreliable method.
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Intravenous injection by an experienced person on a relaxed animal is usually swift and
causes little pain. However, it is generally agreed that there is a considerable risk of painful
extravasal injection. Premedication of the foxes with a sedative and an analgesic would
decrease the risk of pain as well as fear.
Intracardial injection requires premedication that renders the animal unconscious.
Legislation and practices regarding fox in some other countries
Denmark: Killing of fur animals is regulated in BEK nr. 583 (Bekendtgørelse av slaktning og
aflivning av dyr) from 2007, which gives detailed provisions. Foxes can be killed by either
penetrating captive bolt, injection of lethal substances (chloralhydrate is not legal, and muscle
relaxantia may only be used on anaesthetised animals), or electrocution (the equipment must
have an ampere meter, electrodes must be inserted into mouth and rectum, and the effect must
be minimum 0.3 A for a minimum of 3 seconds).
Finland: Killing of fur animals is regulated in a national directive (F11 Djurskyddskrav vid
avlivning av animalieproduktionsdyr som hör till däggdjuren eller fåglarna JSMb, beslut nr.
18/VLA/96). Foxes may be killed by electrocution, CO, shot in the brain, or an overdose of an
anaesthetic agent (must be done by a veterinarian). When electricity is used, the current must
pass through the brain and heart and cause unconsciousness and cardiac arrest. The electrodes
must be placed in the mouth and rectum, and the current must on average be at least 0.3 A and
be applied until the animal is dead or for a minimum of 3 seconds. When CO is used, the
animal must not be put into the chamber before the concentration is at least 1 % by volume
and must be kept at this level at least till the animals are dead, minimum 4 minutes.
Combustion engines may not be used as a source for CO for foxes. A gun or a captive bolt
pistol may be used for killing foxes. If a mechanical instrument is used, death must be ensured
by exsanguination.
Sweden: Killing of fur animals is regulated in a national directive (SJVFS 2007:77, Saknr.
22). Foxes can be killed by the following methods: exsanguination of an unconscious animal;
by a shot to the head so that the brain is hit and the animal is rendered immediately
unconscious; by injection of a suitable drug (must be performed by a veterinarian); by
inhalation of anaesthetic drug; or by inhalation of CO2 gas. If CO2 is used, it is recommended
that the animal is sedated / tranquilized first. A blow to the head may be used to kill young
pups. Electrocution is banned. There is currently no fox farming in Sweden.
UK: Electrocution of foxes is banned, injection is the recommended method. It is not known
whether there currently is any fox farming in the UK.
Russia: No legislation exists. The ad hoc group has been informed that curariformous muscle
relaxantia (“Ditilin”, “Diplacine”) are in use. These will paralyze muscles and cause death due
to anoxia because the animal is unable to breathe. Electrocution and barbiturate injections are
also used.
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Canada: The national and provincial Meat Inspection Acts and Regulations deal with animal
welfare at slaughter, but these only include animals slaughtered for food. However, in the
Province of Saskatchewan, the Fur Farming Regulations also include a paragraph on humane
killing of fur animals (R.R.S. c. A-20.2 Reg. 6):
§14 "Every person who holds fur animals should
d) destroy fur animals in as painless and humane a manner as possible".
Although there is some very basic legislation regarding the care and handling of fur animals
in some other provinces, the ad hoc group has not found any other province with legislation
dealing with the killing of such animals.
USA: New York State has banned electrocution as killing method for foxes. It is unclear
whether there is any fox farming in the state.
(http://www.hsus.org/press_and_publications/press_releases/new_york_first_state_to_ban_ele
ctrocution_fur_animals_082907.html)
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CONCLUSIONS
DRUGS
Carcasses of fur animals are no longer used as an ingredient in feed for other fur animals. This
allows the use of drugs for killing these animals.

Injection
Killing by lethal injections of drug with anaesthetic properties is a humane and thus
acceptable method for all fur animal species if modern veterinary principles are applied (i.e.,
appropriate choice of drug and administration route, and premedication to reduce handling
stress). Some, but not all relevant drugs are expensive. The method requires presence of a
veterinarian, which will be an additional cost. Previously unhandled animals may be stressed
by the necessary handling, but handling may be kept at a minimum and does not exceed that
necessary for other killing methods. The animal can be left in its home cage to calm down
after premedication. Intraperitoneal administration is not advisable to use in blue foxes, which
usually have large fat deposits in the abdomen which can interfere with the absorption.

Inhalation
Killing by inhalation in a chamber has the advantage that many animals may be killed per
time unit and that only simple handling is necessary.
Inhalation of an anaesthetic agent is generally an acceptable method for all fur animals,
provided that the agent is not causing irritation or excitation, and preferably performed after
premedication. If the gas is unpleasant in any way, the induction period must be short.
The ad hoc group has not been able to find literature describing welfare relevant information
or evaluating the use of chloroform vapour to kill chinchillas. Chloroform has been in
widespread use for anaesthesia in humans as well as animals, but was abandoned because in
addition to having a narrow margin between anaesthetic and lethal dose it poses a human
health risk, and now it has only historical relevance. On the other hand we have found no
information to indicate that it would represent a welfare concern. However, chloroform is
carcinogenic and hepatotoxic and according to the AVMA, it should not be used at all
(AVMA 2007).
CO2 gas is widely used for stunning/killing animals, but is nevertheless a disputed method.
The gas is pungent and many species including mink find higher concentrations aversive.
EFSA advices against the use of CO2 for stunning of laboratory animals, ferrets and foxes
included (EFSA 2004b). Advantages are that CO2 is readily available, easy to use and
relatively safe for the operator. The ad hoc group did not observe obvious flight responses in
mink during the induction, but distinct anal gland smell indicates that the mink were stressed.
CO gas is considered to be the ideal killing agent (Blackmore 1993) as it is not detected by
the animal. CO2 and O2 may be kept at normal levels in the gas atmosphere. CO gas has an
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extremely high affinity to haemoglobin. It forms an irreversible bond to haemoglobin, and is
therefore lethal. The main problem is that CO gas represents a considerable danger to the
operator, and the gas chamber should only be placed outdoors. In Norway, exhaust fumes is
commonly used as the CO source. Even though the exhaust is conducted through water or
rockwool mats, the gas may still contain some irritants and also levels of CO2 and O2 in the
chambers may be affected. Lambooy (1985) found more behavioural reactions in mink killed
by exhaust fumes compared to CO from a pure source. This may be the reason that the ad hoc
group did not observe obvious differences in mink behaviour when exposed to CO2 or exhaust
fumes.
Inert gases (argon, nitrogen) are shown to have advantages compared to CO2 at least in some
species. There is a lack of knowledge in this area, but due to the semi-aquatic biology of mink
replacement of O2 may not be a preferred method for this species.
HCN (cyanide) is not mentioned among methods for killing fur animals by EFSA or AVMA.
HCN is very poisonous and represents a danger to operators. However, it has been used for
killing spent hens on farm and is judged to have some welfare advantages (Mejdell and Lund,
2006).
Based on available literature and the demonstration the ad hoc group finds that CO2 does raise
welfare concerns but might be acceptable in mink. CO gas is considered a better choice, but
personnel safety is of major concern. CO gas should come from a pure source rather than
exhaust. Premedication prior to killing with CO2 or CO from exhaust fumes should make
these methods fully acceptable.
ELECTRICITY
Stunning/killing by electricity seems to be an effective, fast and simple method. The animal is
rendered irreversibly unconscious if sufficient current passes both through the brain and heart
and the application time is sufficiently long. In Norway, electricity is currently used in foxes
only. It was formerly used in mink, but the method required neck dislocation even after noseto-hindleg application to ensure death. Breaking the neck manually is physically demanding,
especially in large scale killing. From an animal welfare point of view, with the same
reservations as given below, the ad hoc group finds the method acceptable.
Research shows that the foxes are stunned (as judged by epileptiform EEG and lack of
reflexes) by 110 V, 0.4 A and 1 sec (mouth to rectum application of electrodes), but the
application time must be prolonged to 3-4 seconds to kill the fox (Lambooy 1983). Results
from Korhonen et al. (2006) support this; they found epileptiform EEG in all 15 foxes
immediately following stunning for 2.34 to 5.21 seconds with current of 0.32 to 0.69 A.
However, the experiments are performed on a very small number of animals, and the concern
addressed by AVMA is valid: there is no guarantee that every animal is rendered unconscious
at the time the other effects (tonic muscle cramps, cardiac fibrillation) occur. The voltage
measured by Lambooy (1983) in the “Fox Final” apparatus was lower (110 V) than that stated
by the manufacturer (220 V) and also low compared to that used for stunning of slaughter
animals. The very good electrical contact achieved by the electrode positions compensates
probably for the low voltage. On the other hand, there may be individual differences (causing
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variation in amperage crossing the brain) that should be accounted for. When slaughter
animals are stunned by a head to body method, it may be performed in one operation (head to
chest, brisket, back or leg) or in two sequences (first head only application, then head to
body). Stunning in two sequences will reduce the risk that unconsciousness occurs after the
cardiac arrest. However, Temple Grandin does not recommend the one method over the other
(www.grandin.com). In Norway, two-sequence stunning is recently being used for pigs. Here
the two head electrodes are applied for 4 seconds (i.e., normal time for head-only stunning)
and then the third is applied to the body (Elisiv Tolo, personal communication). This will
make sure that unconsciousness occurs before cardiac arrest.
Based on research results and personal observation, the ad hoc group consider electrocution to
be an acceptable method for foxes. However, larger safety margins should be considered, for
example higher amperage and longer application time might be required.
The ad hoc group finds the handling of foxes prior to electrocution to be a concern. Today,
fur farmers are urged to handle their foxes without use of the neck tong. At the demonstration,
even the frequently handled blue foxes at UMB research farm avoided the tong and resisted
being dragged out of the cage. To be suspended by the tail and neck is most likely an
unpleasant experience, even if it lasts for a short time. Other methods to restrain the foxes
should be considered. An alternative may be to give the foxes some premedication.
MECHANICAL METHODS
Blow to the head with a wooden club or a similar tool may be used for small sized animals,
e.g., cubs. It is not a method of choice for killing a large number of animals, because of the
danger of operator fatigue resulting in poor performance.
Percussive stunning with a penetrating captive bolt is considered a reliable method in many
species. However, it will damage the head pelt and may contaminate the fur. A nonpenetrating bolt will thus be more practical. Both methods are acceptable from an animal
welfare point of view, but death must be assured with an additional method. There is a need to
restrain the animal so that the instrument can be positioned to make an exact hit to the brain.
OTHER COMMENTS
Premedication should be considered given prior to the killing by the methods described.
Premedication can be given as an injection or per os, i.e., mixed in the food or in a tidbit. The
use of premedication would reduce handling stress and also the possible discomfort caused by
the killing method.

The assessment of killing methods is summarized in table 1.
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Tabel 1. Assessment of killing methods. Premedication with analgesic and anxiolytic drugs should be considered prior to application of any killing method,
to reduce fear and discomfort.

Method

Animal welfare
considerations

Gases

CO2

Handling
stress

Required
operator
skills

Human
risk

Risk of
failure/errors

All methods involving
gas require handling,
removing the animal
from the box,
transporting it to the
killing site and lifting it
into the gas box
Aversive. Pungent, induces a
feeling of breathlessness. Triggers
stress reactions

Suitability

Gas killing is currently not used in
foxes, but may be an alternative if
suitable on-farm methods can be
developed

Low

Low

Low
Gas meter should be
available for
continuous
measuring gas
concentration

High concentrations (close to 100%)
should be used to get short induction
period
EFSA advices against use in lab
animals including foxes and ferrets

CO

Not aversive if pure gas source is
used. Exhaust fumes contain
irritants and provoke reactions

Low

Very high

Low

Better than CO2 from an animal
welfare point of view, but requires
safety measures due to operator
hazard

Inert gases
(Ar/N2)

Not aversive.

Low

Low

Low
Meters should be
available to measure
02-concentration

Probably not suitable for mink but
could be an alternative for other
species. Currently not used

Low

High; carcinogenic and
hepatotoxic

Low

Has been used for chinchillas. Better
gas anaesthetics are available today

Doubtful for use in mink; due to
semi-aquatic biology it reacts
negatively to hypoxia

Chloroform

Probably no big negative effects,
but no recent studies available

AVMA advices against its use, human
health risks
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Cyanide (HCN)

Efficient and quick, but other
welfare effects unknown

Electricity

Efficient method if enough electric
current (amperage) passes through
the brain. More research is needed
to establish recommended levels of
current to ensure immediate
stunning of all individuals

High, esp. in
foxes

Moderate

Very high

Low

Currently not recommended for killing
of animals; little knowledge available,
currently not used

Moderate

Moderate

Low (but welfare
consequences if
stunning fails are
great)

Suitable if correctly applied; efficient
and simple method. Handling raises
welfare concerns.
AVMA advices against its use.
Prohibited in some countries
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