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Abstract: Millions of animals are used in research and toxicity testing, including in drug, 

medical device, chemical, cosmetic, personal care, household, and other product sectors, but 

the environmental consequences are yet to be adequately addressed. Evidence suggests that 

their use and disposal, and the associated use of chemicals and supplies, contribute to 

pollution as well as adverse impacts on biodiversity and public health. The objective of this 

review is to examine such evidence. The review includes examinations of (1) resources used 

in animal research; (2) waste production in laboratories; (3) sources of pollution; (4) impacts 

on laboratory workers’ health; and (5) biodiversity impacts. The clear conclusion from the 

review is that the environmental implications of animal testing must be acknowledged, 

reported, and taken into account as another factor in addition to ethical and scientific reasons 

weighing heavily in favor of moving away from allowing and requiring animal use in 

research and testing.  
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1. Introduction  

Millions of animals are bred, used, and ultimately disposed of potentially as pathogenic (i.e., capable 

of causing disease, such as bacteria, fungi, and protozoa) or hazardous waste, in research and  
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toxicity testing, including in drug, medical device, chemical, cosmetic, personal care, household, and 

other product sectors. As with other large-scale uses of animals such as the farm animal industry, which 

rears and slaughters more than 50 billion land animals every year [1,2], this large number of animals 

used and disposed of in research and testing, and the associated use of chemicals and supplies, raises 

serious concerns about the overall environmental impact of using animals in this capacity. Estimates for 

global annual use in research and testing are variable, with the most comprehensive estimates ranging 

from 115.3 million to 126.9 million non-human vertebrate animals. Both estimates are considered 

conservative [3,4]. The U.S. uses the most animals in research and testing in the world [3]. In 2012, 

facilities in the U.S. reported to the United States Department of Agriculture (USDA) Animal and Plant 

Health Inspection Service (APHIS), the government agency responsible for regulating the use of animals 

in research and testing, that they used more than 875,000 animals in research and testing and held an 

additional 143,400 animals for breeding or future use (Numbers calculated from facility annual reports 

available at [5]).  

Research facilities, however, do not report the number of cold-blooded animals, farmed animals used 

in agricultural research, or rats, mice, and birds bred and used for research. Together, these species, while 

unreported, constitute the vast majority of animals (an estimated 95%) used in research [6–9].  A 2000 

USDA survey estimated that 31–156 million animals (species required to be reported as well as those 

excluded) were actually used in the U.S. [3,10]. Further, the use of animals is believed to have increased 

since this survey was done due to the increased use of genetically modified (GM) animals and the 

introduction of large-scale chemical testing programs [4,11]. A 2004 report estimated that the number 

of mice alone used annually in U.S. laboratories is 100 million due to the significant growth in use of 

GM mice [10].  

The number of animals used in research and testing is believed to be growing due in part to the 

development of GM mice. The creation of GM mice has inherent scientific flaws which lead to 

significant waste in the form of animals bred which are not actually used in research or testing,  and 

instead become waste or unusable industrial by-products. For example, the majority of mice progeny 

may not have the trait or deformity the researchers desire, have unintended deformities, or have the 

planned deformity but are still determined to not be useful for the intended purpose. As a consequence, 

these animals are killed and their bodies disposed of into the environment in one form or another [11,12]. 

The number of animals euthanized in the production of GM models is not required for reporting purposes 

and, thus, not publicly available, making it difficult to quantify the volume of surplus animals destroyed 

[13]. The loss of life and waste generated is staggering due to the requirements of developing and 

maintaining a GM mouse. In one report, a medical school euthanized 33,348 of their 55,435 laboratory 

mice as surplus, and another facility in the United Kingdom “screened 26,000 mice and recovered 500 

usable ‘mutants’” [11]. Given this, an enormous number of animals must have been used to develop the 

thousands of different mouse strains in the U.S.  

According to the U.S. National Institutes of Health Office of Laboratory Animal Welfare (OLAW), 

“A research animal facility generates a significant amount of waste that must be removed and disposed 

of on a regular, frequent basis” [14]. This waste and resulting environmental consequences have not been 

adequately addressed. At a fundamental level, records regarding the total number of animals used in 

research are not reported to or required by the USDA, making an environmental analysis difficult. 
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However, it is clear that a staggering number of animals are used and discarded, or simply discarded 

without being used because they are determined to be excess or develop a laboratory–acquired disease 

not being studied. This fact compels the need for an environmental analysis of the biomedical, cosmetic, 

and product industries’ animal use.  

While there are few specific studies on the environmental consequences of animal use in research, 

evidence demonstrates that their use and disposal, and the associated use of chemicals and supplies, 

contribute to pollution as well as adverse impacts on biodiversity and public health. The objective of this 

review is to examine such evidence. The review includes examinations of (1) resources used in animal 

research; (2) waste production in laboratories; (3) sources of pollution; (4) impacts on laboratory 

workers’ health; and (5) biodiversity impacts. Awareness of these environmental impacts is necessary to 

fully examine the use of animals in research and testing, especially given the lack of regulatory mandate 

to fully account for all animals used in research and testing and to employ non-animal testing methods 

whenever available.  

2. Resources Used in Animal Research  

2.1. Animals  

As described, millions of animals are used in research and testing, but because the Animal Welfare 

Act does not cover the vast majority of animals used, total numbers are not reported to the USDA. Here, 

to get an idea of the scale of animal and resource use, we examine their use in toxicity testing. Toxicity 

tests are conducted on animals in an attempt to demonstrate the safety and efficacy of drugs and certain 

chemicals. A standard series of toxicity tests may use upwards of 6000 to 12,000 animals and take years 

to complete [15,16]. To put this in perspective, while there were approximately 82,000 chemicals in 

commerce in 2005 and 700 new chemicals introduced each year [17], it took 30 years and $2 billion to 

screen 300 chemicals using traditional animal toxicity tests [18]. In contrast, as part of the Environmental 

Protection Agency’s new ToxCast program it took about five years to test 300 chemicals using 600 

different rapid, automated in vitro tests with equal or greater predictive value [18]. Toxicity tests are 

often conducted in rats, mice, rabbits, or dogs, with at least three groups of animals receiving a test drug 

or chemical and another group serving as the control. The numbers of animals used varies depending on 

the type of test being conducted. For example, the number of animals per group ranges from 10 rats in 

28-day toxicity studies to 20 rats per group in sub-chronic studies to 100 rats per group in combined 

chronic toxicity and carcinogenicity assays, which last for a minimum of two years. For developmental 

and reproductive studies, the litter is considered the experimental unit, and at least 20 litters per group 

are required. Animals used in toxicity tests may be held and dosed with chemicals or drugs for months 

or years [19].  

As another example of the resource intensity of animal testing, compare two methods of 

carcinogenicity testing. In the in vivo (animal) method, carcinogenicity bioassays are conducted with 

rodents, typically rats and mice, for a minimum of 24 months (rats) and 18 months (mice) [19], and uses 

at least 400 animals [19]. In contrast, the U.S. National Cancer Institute (NCI) drug discovery and 

development arm (the Developmental Therapeutics Program (DTP)) has developed and implemented 

non-animal testing methods for carcinogenicity, anti-HIV drug efficacy, and certain categories of cell 

toxicity. For example, a panel of 60 human tumor cell lines (DTP Human Tumor Cell Line Screen) is 
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used to identify compounds with anti-tumor effects. NCI developed these methodologies in the late 

1980s because of its dissatisfaction with the poor predictability of animal testing in these areas—

concluding that “persistence in the effort (to develop the methodologies) reflected dissatisfaction with 

the performance of prior in vivo primary screens” [20].  

2.2. Energy  

The quantity of energy consumed by research animal facilities is up to ten times more than offices on 

a square meter basis [21]. Animal research facilities require total fresh air exchanges for ventilation, 

using large volumes of air, resulting in a high consumption of energy and carbon emissions [21]. 

Increased energy utilization is observed as airflow exchange in a standard laboratory is up to 12 air 

exchanges per hour (ach), compared to an animal research facility that can be up to 20 ach [21]. 

Additional energy demands are due to the environmental and space needs of the animals, barrier 

protection from outside pathogens, indoor air quality, lighting, and the requirement for power intensive 

equipment in research [22]. Forty to fifty percent of energy consumed in the research animal facility is 

attributed to ventilation and an additional 10%–30% of energy consumed is used to chill air or water for 

cooling spaces and equipment [21].  

2.3. Chemicals  

A vast array of chemicals is involved in every step of animal research and testing, including chemicals 

for sanitation, disinfection, sterilization, animal care, and research and testing procedures. The 

Occupational Health and Safety Act (OSHA) helps protect laboratory workers by regulating  the 

handling and disposal of hazardous chemicals, as well as other toxic, infectious, mutagenic, and 

carcinogenic agents [23]. However, OSHA is not responsible for alleviating the greater environmental 

impacts from the generation and disposal of these chemicals and agents.  

Similar to other testing methods, animal research and testing involves the use of many toxic 

substances, including irritants, corrosive substances (e.g., bromine, sulfuric acid, hydrogen peroxide, 

chlorine, ammonia, chloramines, nitrogen dioxide, sodium hydroxide, phosphorus, phenol, nitric acid, 

sulfuric acid, hydrochloric acid, ammonia, phosphorus pentoxide, and calcium oxide), asphyxiants (e.g., 

acetylene, carbon dioxide, argon, helium, ethane, nitrogen, methane, carbon monoxide, hydrogen 

cyanide, and certain organic and inorganic cyanides), neurotoxins (e.g., mercury, organophosphate 

pesticides, carbon disulfide, xylene, tricholoroethylene, and n-hexane), reproductive and developmental 

toxins, and carcinogens. In addition, flammable, reactive, and explosive chemicals are used in such 

research [24]. Animal research laboratories also use a number of chemicals with unknown hazardous 

and carcinogenic properties. Animal testing may involve the use of these chemicals for longer time 

periods ([17], p. 40), in larger quantities ([17], p. 40), or for more functions than non-animal testing 

methods due to the length of some animal tests, numbers of animals that are used, or the use of chemicals 

for purposes extraneous to the research. Chemicals are used in laboratories with animals for testing, 

research, veterinary care, analgesia, anesthesia, euthanasia, and necropsy. The OLAW Institutional 

Animal Care and Use Committee (IACUC) Guidebook notes that due to these chemical uses, hazardous 

chemicals may be present in feed, feces, and urine ([14], p. 141).  
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Finally, large amounts of chemicals also are used to maintain sanitized or sterile environments in 

laboratories with animals. For example, some facilities use chemical decontamination to kill infectious 

diseases such as hepatitis B or C after a study on animals [24]. According to OLAW’s IACUC 

Guidebook:  

In general, enclosures and accessories (e.g., cage tops) should be sanitized at least every two 

weeks. Solid bottom cages, water bottles and sipper tubes should usually be sanitized 

weekly. The supply lines of automatic watering systems should be flushed and disinfected 

on a regular basis ([14], p. 48).  

This variety and frequency of chemical use is in addition to any chemicals actually being tested. 

Because many animal tests, such as chronic toxicity and carcinogenicity, are long-term studies, 

chemicals may be used for extensive lengths of time.  

3. Waste Production in Laboratories  

Millions of animal bodies, many of which are contaminated with toxic or hazardous chemicals, 

viruses, or infectious diseases, and significant amounts of other laboratory waste such as animal 

excrement, bedding, excess feed, caging, needles, syringes, and gavages, are discarded after use in 

research and testing every year.  

The animal research industry also regularly and routinely must dispose of large amounts of hazardous 

wastes. Similar to incineration in other industries, animal research facilities emit many harmful 

substances, including ignitable, corrosive, reactive, and toxic wastes, and air pollutants such as nitrogen 

dioxide, sulfur dioxide, particulate matter, and carbon monoxide (for examples, see [25]).  In addition, 

among the dozens of hazardous chemical substances, such as mercury, methane, and cyanide, handled 

by these facilities are known carcinogens, including benzene, arsenic, and formaldehyde, and possible 

carcinogens, including lead, DDT, and chloroform.  

Carcasses, as well as other laboratory waste, may not be hazardous or infectious due only to exposure 

of the animals to diseases and chemicals, but may contain a combination of chemical, radioactive, and/or 

biological hazards. For example, animal tissue that contains a radioactively labeled toxic chemical is 

sometimes produced in toxicological studies. The most “prominent” laboratory waste created that is both 

chemically and biologically hazardous is animal carcasses and tissues that contain a toxic chemical. 

Examples include specimens preserved in formalin or ethanol and rodents that have been fed lead, PCBs, 

mercury, or other chemicals in toxicity studies. Wastes that are chemically and biologically hazardous 

are difficult to dispose of and few waste facilities can handle them [24].  

Disposal methods for these biological wastes raise additional environmental concerns. Carcass 

disposal methods include rendering, landfill disposal, and incineration [26]. Incineration is the preferred 

method for managing radioactive animal carcasses and tissue [24], the method recommended by OLAW 

for disposal of contaminated feed and bedding [14], and the most common disposal method for U.S. 

laboratories [24]. Many facilities maintain incinerators on their property, while other facilities contract 

with commercial disposal companies [26].  
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4. Sources of Pollution  

4.1. Air Pollution  

Air pollution is produced by the emission of gases and particulates resulting from incineration of 

animal carcasses and laboratory supplies such as animal bedding that may contain experimental 

chemicals, drugs, and other toxins. The resulting release of toxic substances is due to processes common 

to all industries as well as to toxins specifically produced by incineration of animal carcasses. 

Incineration is an environmental concern due to fuel consumption to maintain required temperatures, the 

disposal of ash from incineration in landfills, and resultant air pollution.  

Environmental groups have concluded that incineration is not environmentally sound [27,28]. 

Incineration is known to release toxic wastes containing dioxin, mercury, lead, and other harmful 

substances into the air as waste is burned, to emit particle pollution, to produce toxic ashes, and to 

contaminate local soil and vegetation [27,29,30].  

Although for this review it was not possible to determine the percentage of incinerated waste from 

animal research and testing versus other industries, and the percentage may be smaller than other 

industries, it is important to address the fact that animal research and testing contributes to the negative 

environmental effects of incineration. In addition, according to the National Research Council (NRC) 

Committee on Health Effects of Waste Incineration:  

Although emissions from incineration facilities can be smaller than emissions from other 

types of sources, it is important to assess incinerator emissions in the context of the total 

ambient concentration of pollutants in an area. In areas where the ambient concentrations are 

already close to or above environmental guidelines or standards, even relatively small 

increments can be important [31].  

Incineration is extremely adverse to human health. A study in Taiwan demonstrated that stack gases 

from animal carcass incinerators contain higher concentrations of toxic heavy metals than standard 

medical waste incinerators, including iron, copper, zinc, lead, nickel, and manganese [32]. When a 

carcass which has accumulated heavy metals from research or testing is incinerated, the metals gather in 

the bottom ash in the incinerator, release into the atmosphere, or collect in the pollution control devices 

[32]. Polycyclic aromatic hydrocarbons (PAH) are also emitted in animal incinerator stack gases, with 

one study reporting the concentrations of the most carcinogenic PAH compounds to be 4.6–7.6 times 

greater than in standard medical waste incinerators [33]. PAHs are toxic, and epidemiological studies 

have shown PAHs to be carcinogenic [34]. They are persistent in the environment, and the most common 

way humans are exposed to them is by breathing contaminated air [35]. Incineration of animal carcasses 

also has been associated with ash barium levels exceeding accepted standards [26]. The EPA states that 

barium can “potentially cause gastrointestinal disturbances and muscular weakness resulting from acute 

exposures” and “has the potential to cause hypertension resulting from long-term exposures” [36].  

People living in communities near incinerators of all types are potentially exposed to chemicals 

through the air or contact with the soil. Epidemiological studies have shown the health hazards, including 

bronchitis and decreased life expectancy, posed by exposure to air contaminated by incinerator waste 

[29]. Some pollutants, such as dioxins, furans, and mercury, are “persistent” chemicals that can be carried 

long distances in air, land, and water and affect distant areas from the incinerator [31]. According to the 
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NRC Committee, “Pollutants emitted by incinerators that appear to have the potential to cause the largest 

health effects are particulate matter, lead, mercury, and dioxins and furans” [31].  In addition, toxins 

such as mercury are known to have the ability to cause significant neurological damage and birth defects, 

resulting in developmental delays and cognitive defects [27].  

In addition to global warming pollutants, incineration releases gases, such as sulfur dioxide, carbon 

monoxide, and nitrogen oxide, that can cause or exacerbate respiratory and cardiovascular diseases such 

as asthma, bronchitis, heart attack, and stroke [29,37–39]. These emissions also decrease resistance to 

infections and, importantly, contribute to smog, acid rain, and ozone formation [40,41]. Exposure to 

airborne particulate matter is associated with increased risks for asthma, hypertension, stroke, and 

cardiac diseases [37,42], as well as increased mortality [42,43]. Incinerators of all types emit particulate 

matter into the atmosphere, which can increase the incidence of respiratory infection, reduce the volume 

of air inhaled, impair the lungs’ ability to use that air, increase the risk of myocardial infarction, and 

increase the risk of other serious health problems [28,44]. A recent study found that 2.1 million deaths 

have been associated with fine particulate matter resulting from human activities [45].  

4.2. Water Pollution  

Soil contamination and runoff of animal waste and other debris related to drug and chemical testing 

may result in ground water contamination. Animal waste containing drugs and chemicals that may have 

unknown toxicities due to their experimental nature exacerbates the growing problem of drugs in public 

water supplies. A 2002 study by the U.S. Geological Survey found that 80% of sampled rivers and 

streams contained one or more pharmaceuticals [46], which could originate from the animal agriculture, 

medical, or research industries.  

Public drinking water supplies are contaminated by animal testing because public water treatment 

facilities often cannot filter out drugs, hormones, and chemical solvents in wastewater (for references, 

see [47]). Similar to what occurs on a larger scale with pollutants in the animal agriculture industry, these 

potential toxins may then be carried in to surface water, groundwater tables, and public drinking water 

supplies [47,48]. There are related serious biological consequences for aquatic animals, and potentially 

serious health effects for humans, from the presence of antibiotics, endocrine disruptors, cytotoxic cancer 

drugs, and other drugs in lakes, rivers, streams, and drinking water [49,50]. For example, a 2006 study 

evaluated the effects of a mixture of drugs designed to mimic river and treated waste water content on 

human kidney cells, and found that cellular proliferation was reduced 10%–30% compared to control 

cells [51].  

4.3. Soil Contamination  

Incinerator residues and water runoff from animal testing facilities may result in soil contamination. 

Several studies have shown increased levels of heavy metals, dioxins, and polychlorinated dibenzofurans 

in the soil near incinerators [52–54]. The specific dioxin 2,3,7,8-TCDD, a byproduct of incomplete 

combustion, is an extremely toxic chemical, and according to International Agency for Research on 

Cancer (IARC) a definite human carcinogen [55]. Animal incinerator soil contaminants in bottom ash 

and fly ash also include calcium, phosphorus, and potassium, which can have toxic effects [56].  
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5. Impacts on Laboratory Workers’ Health  

5.1. Laboratory Animal Allergy  

The environmental hazards associated with animal research have direct implications on human health. 

Animals in laboratories are often tightly packed in rooms without outdoor access and dependent on 

modern air filtration systems. Laboratory animal allergen exposure and the subsequent development of 

an allergic reaction and asthma remains an important occupational health and environmental safety risk 

for all personnel involved in the care and use of animals [57–63]. Laboratory animal allergy (LAA) has 

been formally recognized since 1989 as an occupational hazard by the National Institute for Occupational 

Safety and Health in the United States. In Great Britain, worker exposure to laboratory animals has been 

defined as one of the most common causal agents for occupational asthma [64] and has been documented 

by the Surveillance of Work-related and Occupational Respiratory Disease (SWORD) project since 

1989.  

Laboratory animal allergy is the collective term used to describe symptoms that may include allergic 

conjunctivitis, rhinitis, asthma, and dermatological reactions resulting from exposure to animal allergens. 

Most laboratory animal species have multiple allergen sources that are found in hair, dander, urine, 

saliva, and serum [65–68]. Inhalation of airborne allergen particles is the principle route of exposure 

with additional incidence resulting from direct skin and eye contact [67,69]. Percutaneous exposure from 

animal bites and needles contaminated with animal protein have been documented and may result in 

systemic allergic reactions such as anaphylaxis [70].  

In the U.S., it is estimated that 40,000 to 125,000 individuals are exposed to laboratory animals [71]. 

The prevalence of work related allergic reactions ranges from 11% to 44% in exposed workers [72,73]. 

The prevalence of occupational asthma as a result of exposure to laboratory animal allergens ranges from 

4 to 22% [72]. Comparatively, overall, about 2 million people work in environments in which they have 

constant contact with animals or animal products. Approximately 33% of these workers have allergic 

symptoms, and 10% have symptoms of animal-induced asthma [67].  

Laboratory animal workers who are in direct contact with animals are at greatest risk of developing 

LAA. Indirect exposure may also result through the transfer of animal allergens from the animal facility 

to the home or general public and has been linked to increased sensitization to animals among children 

whose parents are occupationally exposed to animals in laboratories [60,74].  

Exposure to laboratory animal allergens is an environmental hazard and occupational safety concern 

that can be eliminated by replacing the current predominance of animal research and testing with in vitro 

alternatives.  

5.2. Waste Anesthetic Gases (WAGs)  

Waste anesthetic gases (WAGs) are gases and vapors that can leak into the breathing zone and 

environment of laboratory personnel during medical procedures. Inhalation of WAGs has been 

associated with both acute and long term chronic effects. Acute symptoms include drowsiness, 

headaches, irritability, depression, dizziness, nausea, and neurobehavioral effects. Increased incidences 

of neurologic and reproductive dysfunction, hepatic and renal toxicity, and neoplasia have been linked 

to chronic low-level exposure of health care professionals [75]. Nitrous oxide and halogenated 
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anesthetics such as isoflurane are commonly used in animal research facilities and pose an unnecessary 

environmental health risk in the workplace. The occupational health hazard for personnel working  with 

animals in laboratories is potentially elevated due to facilities performing anesthetic procedures in small, 

multi-user rooms; the presence of many different portable anesthetic gas delivery systems complicating 

routine maintenance, gas scavenging, and atmospheric monitoring; and prolonged exposure to WAGs 

during experimental procedures for large treatment groups [75]. The United States Occupational Safety 

and Health Administration does not have standards that specifically address waste anesthetic gases, 

however, the National Institute of Occupational Safety and Health has recommended that halogenated 

anesthetic exposure not exceed 2 parts per million (ppm) on a time weighted average. According to one 

study examining WAGs in laboratory animal facilities, intermittent staff exposure to isoflurane 

emissions at concentrations exceeding 5 to 10 ppm is likely [75]. In many animal research laboratories, 

isoflurane is the preferred gas anesthetic [76].  

5.3. Laboratory Acquired Infections (LAI)  

Zoonotic disease transmission in an animal research facility is an occupational safety and health risk 

affecting laboratory animal handlers. Laboratory acquired infections (LAI) can occur through direct 

contact with the animals or indirect contact by means of contaminated tissue, equipment, and supplies. 

The primary mode of transmission is air borne through aerosolization of infectious material with 

additional exposure risks from animal bites, scratches, exposure to contaminated equipment, and 

accidental ingestion of contaminated material [77]. The American College of Laboratory Animal 

Medicine classifies macaques, pigs, dogs, rabbits, mice, and rats as the most common species used in 

research animal facilities that are established or potential hosts for zoonotic disease [78]. Ringworm, Q 

fever, cat scratch disease, ectoparasites, and simian foamy virus represent a small number of zoonotic 

diseases in which confirmed cases have been reported in recent years and it is speculated that overall 

disease incidence is underreported [79]. One study estimated the annualized incidence rate of zoonotic 

disease transmission from laboratory animals at 45 cases per 10,000 worker-years, a rate comparable to 

nonfatal occupational illnesses for full time workers in the agricultural production-livestock industry and 

for those employed in the health services industry [79].  

In documented cases of zoonosis in animal research facilities the severity of LAI ranges from 

asymptomatic to death [79]. Case examples of LAIs in animal research facilities have been recently 

reported including a deadly outbreak of respiratory illness in a colony of titi monkeys at the California 

National Primate Research Center that was transmitted to a researcher in May 2009 [80]. The adenovirus 

responsible for the outbreak is a novel strain known as titi-monkey adenovirus (TMAdV) that resulted 

in 23 of 65 monkeys developing symptoms with an 83% mortality rate [80]. A researcher at the facility 

who had close contact with the infected colony developed flu-like upper-respiratory-tract symptoms, 

including pneumonia, shortly thereafter and a family member of the researcher also acquired the illness; 

both recovered and tested positive for antibodies to TMAdV providing strong evidence of cross 

transmission from the monkeys to the researcher [81]. In more severe circumstances, death has occurred 

due to laboratory acquired infections in research animal facilities. In 1997 a primate researcher at Yerkes 

Regional Primate Research Center was infected with herpes B following exposure to a drop of body fluid 

from a rhesus monkey [82]. The researcher died six weeks following the exposure to herpes B, a virus 

common in primates but rare in humans. In humans, it has a 70% mortality rate [83].  
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6. Biodiversity Impacts  

6.1. Capture from the Wild  

We are in an era of unprecedented threats to biodiversity. The current loss of species is estimated to 

be 50 to 500 times higher than the natural background rates found in the fossil record [84]. Tens of 

thousands of monkeys have been captured from the wild and transported to research facilities in the U.S. 

and other countries over the past few years [85]. This alarming fact raises not only animal welfare 

concerns but also population and biodiversity concerns. Population data for many species of monkeys 

traded for research are lacking. According to Ardith Eudey of the World Conservation Union Primate 

Specialist Group, “Macaques (the most commonly used monkey in laboratories) frequently are 

considered as well known or common: as a consequence, data on the present status of populations such 

as numbers, distribution and population trends are deficient for most species, especially those that are 

widespread geographically…” [86].  

In 2008 Eudey expressed concern that the long-tailed macaque (Macaca fascicularis), a species of 

monkey commonly used in animal research, population was rapidly declining in the wild [87]. Although 

most traded long-tailed macaques are reported as being captive bred, Eudey and non-governmental 

organizations suspect that the export of wild-caught monkeys continues, using false permits [86]. Thus, 

it is suspected that claims of captive breeding are hiding increased numbers of wild-caught monkeys. In 

addition, breeding farms continue to obtain long-tailed macaques from the wild [88].  

The World Conservation Union Red List currently lists the international trade for laboratory research 

as a threat to the continued existence of the long-tailed and rhesus macaques [87,89]. Regarding the 

rhesus macaque, it states, “Confiscation for laboratory testing is a mostly localized threat, but it is 

considerable in certain areas... Capture and release of laboratory and ‘problem monkeys’ from rural and 

urban areas into natural forests is a major threat to wild macaques” [89].  

In 2012, 17,915 non-human primates were imported into the U.S. [85]. The vast majority, 15,110, 

were long-tailed macaques, also known as crab-eating macaques. More than 1000 rhesus macaques and 

green monkeys each were imported. 55.9% of the monkeys imported originated in China, 18.4% in 

Mauritius, 8% in Cambodia, 7.9% in Vietnam, 6.4% in Saint Kitts and Nevis, 1.3% in Indonesia, and 

0.62% in Guyana. Research facilities are the largest importers of primates [85]. While Fish and Wildlife 

Service documents indicate that 7.8% of primates imported are wild-caught and 26.1% were born to 

parents who were wild-caught [85], there are reports of falsified documents indicating that the monkeys 

were captive-bred when in fact they were not.  

Of further note, the trade in monkeys for research and testing raises concerns about the growth and 

spread of dangerous pathogens. Animals are exposed to conditions of over-crowding, extreme 

temperatures, and unsanitary conditions. In these conditions, animal diseases are common, resulting in 

“ideal conditions for pathogens to multiply” [90].  

6.2. Genetically Modified Animals  

The development and proliferation of GM animals in research facilities raises concerns as to the 

impact these animals could potentially have on the environment and indigenous populations if they are 

released or escape. In 2002 the National Academies’ National Research Council expressed these 
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concerns in a formal report requested by the Food and Drug Administration. In the report the committee 

concludes that the potential for GM animals escaping and interbreeding with or out-competing wild 

populations is the primary concern with advances in animal biotechnology [91]. This concern is further 

expressed in an article regarding the welfare of GM animals. The author states, “If animals whose 

genome has been altered by the stable introduction of recombinant DNA in the germ line should escape 

and breed with feral populations, the environment could be altered and a disastrous situation might be 

created” [92].  

7. Conclusions  

Record-keeping and regulation of all environmental aspects of animal research and testing are 

extremely limited or non-existent. At a fundamental level, rats, mice, and birds must be covered under 

the Animal Welfare Act in order to begin recording the scope of animal use. Although records and studies 

are limited, this review attempts to elucidate areas of environmental concern. Further areas of 

environmental concern necessary to address include:  

• The use of animals, and associated chemicals and supplies, in research and testing, and their 

disposal in to the environment on an international level. Many animal research companies based 

in the U.S. have labs in other countries, including China, the Philippines, and India.  

• Research and testing involving injecting or exposing animals to radioactive materials creates 

radioactive carcasses, feces, urine, blood, and other wastes with additional environmental 

concern. In addition, working with animals who have received radioactive material presents a 

risk to workers in labs.  

• Large scale killing of animals used in research or bred for future research due to disease, facility 

resource constraints, funding limitations, and research demands are further examples of waste 

and animal disposal concerns found in the animal research industry.  

While industries such as those involved in animal agriculture and energy production have a larger 

contribution to the negative environmental impacts discussed in this review, it is important to address 

the impacts of all industries and to discuss all methods to alleviate them. Animal research and testing 

uses more than 100 million animals every year, contributing to air, water, and soil pollution, public health 

concerns, and biodiversity concerns. In addition, there are a multitude of alternative testing methods.  

Non-animal methods have the inherent advantage of sparing significant numbers of animals from the 

pain and distress commonly associated with laboratory life and use, a goal consistent with public opinion 

polls [93–95]. Additionally, non-animal methods are often less costly and less time-consuming to 

perform and promise faster delivery of test results with greater applicability to humans [17]. For all of 

these reasons, industry, government agencies, and other stakeholders must in due diligence consider the 

environmental impacts of animal testing and research in deciding whether to require the use of non-

animal alternatives whenever available.  
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