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Abstract 

The United States Environmental Protection Agency has declared the 

development of new, portable, and effective detection technology for toxic waste 

sites a necessity. Current methods are expensive, cumbersome, and often only 

marginally effective. This project was designed as a first step in a programmatic 

approach to explore the feasibility of using dogs to locate, delineate, and trace 

leaching from toxic chemical dump sites. Two Australian Shepherds were 

trained to detect formaldehyde, a chemical common to many hazardous 

dumpsites. The training method employed was an adaptation of the military 

working dog explosives detection protocol. 

Following training, the dogs were tested to ensure that they could indeed 

detect 0.5 ml of formaldehyde. Upon confirmation of the dogs’ ability to detect 

formaldehyde, threshold determinations were implemented. In Experiment |, 

0.5 mi of formaldehyde was buried at depths ranging from zero to two feet, in an 

effort to determine the maximum depth at which the dogs were capable of 

detecting 0.5 mi of formaldehyde. Results from Experiment | indicate that the 

dogs were incapable of detecting 0.5 ml of buried formaldehyde, regardless of 

the depth at which the formaldehyde was buried, despite the fact that the dogs



could readily detect 0.5 mi above ground. 

In Experiment Il, field thresholds were determined by burying increasing 

amounts of formaldehyde (from zero to 10 ml in one ml increments) at a 

constant depth of one foot. The dogs were able to detect a combined total of 

6.50 ml of buried formaldehyde. There was no difference in the dogs’ abilities 

when compared for ascending, descending, and overall trials. Further, no 

difference was found between the dogs and their abilities. 

Results from Experiments | and Il indicate that it is indeed feasible to use 

dogs for the aforementioned purposes.
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Introduction 

In 1980, the United States Environmental Protection Agency (USEPA) 

sponsored the Comprehensive Environmental Response, Compensation, and 

Liability Act, which is commonly referred to as the Superfund law. The 

Superfund law mandated a clean-up effort that was to utilize existing 

knowledge and technology to assess and clean up the nation's abandoned 

hazardous waste sites (United States Environmental Protection Agency, 1989). 

In 1986, the Superfund Amendments and Reauthorization Act (SARA) was 

signed into law. These amendments mandated strict cleanup standards which 

were intended to encourage permanent solutions at waste sites. They provided 

the USEPA with more control in settlement with parties responsible for waste 

sites and implemented a mandatory schedule for the initiation of cleanup work 

and studies. The amendments further provided for assessment of the potential 

threats to human health posed by each waste site. SARA was further intended 

to increase state and public involvement in the cleanup decision making 

process. SARA also specifically authorized the USEPA and several other 

agencies to conduct hazardous waste research and to aggressively pursue a 

program of technology transfer and training (United States Environmental 

Protection Agency, 1989). 

From December, 1980 through September, 1989, the USEPA cleaned 

up a total of 1,327 hazardous materials sites, at a total cost of $327,679,492.00 

(USEPA, 1990). These costs apply only to the actual removal of hazardous 

materials. In fiscal year 1989 alone, there were 6,510 notifications to the federal 

government of releases of Superfund hazardous substances by the parties 

responsible. There were an additional 11,165 notifications of substances



suspected of being Superfund hazardous materials (United States 

Environmental Protection Agency, 1990). The government is notified of 

suspected hazardous material leaks and dump sites by federal, state, or local 

agencies, the public, or the responsible party. 

It is readily apparent that the USEPA receives an overwhelming number 

of calls per year. As a result of the sheer volume of calls, the USEPA has 

developed a Preliminary Assessment (PA) system. The PA system includes a 

review of all available documentation on the site, site reconnaissance, and a 

projected rating for the hazards posed by the site. Approximately 50 percent of 

all the sites are eliminated by the PA process, and the remainder are upgraded 

by means of a site inspection. 

A site inspection determines if there is a need for a Hazard Ranking 

System score, which is a mathematical method of assessing the relative risks 

posed by the suspected sites (United States Environmental Protection Agency, 

1991). The site inspection consists quite simply of a visit to the suspect area. At 

that time, appropriate soil, air and/or water samples are collected, and clean-up 

decisions are made based on the data gathered. 

Approximately five per cent of the reported sites are eventually eligible 

for Superfund-financed clean-up action (United States Environmental 

Protection Agency, 1991). In order to comply with the revised Superfund act, 

the USEPA has developed a policy which states that a PA must be conducted 

within one year of receipt of a suspected site report. While this is clearly an 

attempt to prevent a backlog, one year is a long time to determine if hazardous 

chemicals are indeed present, especially if they have the potential of leaking 

into a nearby water supply.



As of 1990, there were a total of 33,000 suspected hazardous material 

sites reported to the USEPA, resulting in 31,000 Preliminary Assessments. The 

PAs led to approximately 12,800 site inspections, resulting in 1,200 sites being 

deemed eligible for Superfund-financed remedial action. The USEPA projects 

the addition of 100 Superfund sites annually (United States Environmental 

Protection Agency, 1991). It follows, therefore, that for each additional 

Superfund site listed, at least 1000 site inspections must take place per year. 

The USEPA has named water and soil contamination among their most 

pressing concerns, and has declared an improvement to existing capabilities of 

measuring contaminants in water and soil a high priority (United States 

Environmental Protection Agency, 1989). Further, the USEPA has listed among 

its top research objectives the need to improve sampling (air, soil and water), 

analysis, and applied statistical techniques to facilitate rapid on-site 

assessment. The USEPA has also expressed the need for field demonstrations 

of innovative technologies under actual use conditions. The new technologies 

should provide for improved site characterization and cleanup decision making 

capabilities (United States Environmental Protection Agency, 1989). The 

USEPA has stated that development of portable, effective and inexpensive 

technology is essential. Nature has provided us with just such a technology, the 

extremely effective, highly portable technology known as Canis familiaris, or, 

more commonly, the dog. 

Dogs have been used extensively throughout history for a number of 

tasks requiring a keen sense of smell. The dog's ability to discern a single 

odorant from a “noisy” background of many competing odorants has resulted in 

its use in explosives detection (Department of the Army, 1984), drug detection



(Romba, 1971), contaminated food and plant detection (Eastwood, 1990), 

locating lost people and burial sites (American Rescue Dog Association, 1991), 

identifying accelerant at arson sites (Connecticut State Police, 1988), and 

perhaps the oldest use, hunting animals. 

While most reports of dog's scenting abilities remain anecdotal, enough 

data exist to warrant further examination of the dogs’ capabilities. For example, 

the Connecticut State Police (1988) repeatedly demonstrated that a dog was 

able to detect two drops of gasoline sealed in a metal can and buried under 12 

inches of smoldering debris. In fact, the dogs must be able to perform this task 

to be accepted in the arson accelerant detection program. 

Another example of the dog's effectiveness comes from explosives 

detection. In 1989, the Thais sent 14 mine-detecting dogs to be used in 

Afghanistan because of extensive mining by the Soviets. Commerce was at a 

standstill because the roadways, airstrips, and even towns had been thoroughly 

mined. Conventional mine detecting teams, using metal detectors, cleared 

roughly 200 meters of road per day. Many mines were buried so deeply as to 

render the metal detectors ineffective. A single dog team could clear two to four 

kilometers per day, ten to twenty times more than humans with metal detectors. 

These 14 dog/handler teams cleared 2,473 mines from 636 kilometers of road 

and two airstrips. No dogs or humans were injured or killed (Ternes & 

Prestrude, 1991). 

There is no doubt that dogs are effective in detecting odorants, but 

interestingly, it is not understood why they are so effective. The most common 

reason given is that they have so many more olfactory cells than humans do. 

Schiffman (1990) says that humans have an estimated ten million olfactory



cells, and the dog has at least 20 times as many, or 200 million. The olfactory 

epithelium, which is the odor sensitive tissue region in the nose is much larger 

in dogs than in humans (e.g., Coile, chapter in preparation; Moulton, 1973; 

Syrotuck, 1972). In fact, most of the dog's nose contains olfactory tissue, while 

only a small portion of the human nose contains olfactory tissue. The greatest 

tissue area reported in dogs is 169.46 cm? (in a German Shepherd) as 

compared to five square centimeters in humans. Interestingly, smaller dogs 

have a smaller epithelium; a Pekinese, for example, has 14 to 20 cm? (Coile, 

chapter in preparation). There are no reports that indicate that large dogs are 

better or more effective sniffers than small dogs. In fact, Moulton (1973) claims 

that every breed has at least one individual that excels at sniffing. 

The receptor cells contained in the olfactory epithelium are bipolar cells 

with single dendrites extending up to a mucous layer, where they form olfactory 

knobs. On these knobs are many cilia; estimates range from six to as many as 

40 per knob (e.g. Lovett, 1991; Ternes & Prestrude, 1991). The exact function of 

these cilia is not Known, but there are a few hypotheses. They may function as 

receptors for odorants, but ablation of the cilia does not inhibit excitation of the 

receptors, and there are olfactory receptors without cilia. Another hypothesis is 

that the cilia act as stirrers to accelerate the exchange of odor particles. Closely 

related to that is a third hypothesis which holds that these cilia could act to 

prevent the accumulation of debris which could prevent odorants from 

interaction with receptors (Moulton, 1972). A combination of these hypotheses 

most likely accounts for the true function of the cilia. 

The receptor cells' axons connect directly to the olfactory bulb. 

According to Chao (1977), as the nerve fibers leave the cell body, they bundle



together and are sheathed by Schwann cells. The nerves do not synapse until 

they reach the olfactory bulb. This direct, myelinated link to the brain indicates 

the extent to which the dog's scenting capability has evolved. The human 

olfactory system is also connected in a direct nose-brain link, but the olfactory 

bulb in humans is much smaller than that of dogs. 

Another difference between dogs and humans is the length of the 

septum. In dogs, it extends almost all the way to the olfactory bulb, while in 

humans it stops well short of the olfactory bulb. The elongated septum found in 

dogs may account for why, when a dog encounters a trail at right angles, it will 

almost always follow the scent in the correct direction. In contrast to this widely 

acknowledged phenomenon, Belleville (Coile, chapter in preparation), as well 

as MacKenzie and Schultz (1987), found that dogs did not track in the proper 

direction at more than chance levels. Both studies used a relatively short 

tracking area (100 m), and started the dogs in the center of the scent line. The 

criterion for judging the dog's effectiveness was the first direction chosen, 

without allowing for exploration of the trail. Given these constraints, it is not 

surprising that the dogs performed at only chance levels. The overwhelming 

amount of anecdotal evidence as well as search and rescue dog successes 

(e.g.., American Rescue Dog Association, 1991; Syrotuck, 1972) indicates that 

dogs are indeed successful at tracking a target in the correct direction. Perhaps 

this ability to detect what is presumably an odor gradient is due to the extended 

septum, which may, in effect, allow for a binasal separation of a scent trail. 

Perhaps the least familiar variable in canine scenting capability is the 

vomeronasal organ. The vomeronasal organ is a narrow tubular canal that 

contains olfactory cells and nerve bundles that connect directly to the olfactory



lobe. The vomeronasal system is thought to be used primarily for detection of 

various pheromones, especially those that indicate the reproductive cycles 

(e.g., Moulton, 1972; Schiffman, 1990). It appears to deal with larger molecules 

that are not very volatile; dogs are thought to almost inadvertently pick them up 

and moisten them with their tongues. Dogs usually pick up objects with their 

mouths, lick them, and pant, which results in their tongues coming in contact 

with almost all they encounter. The vomeronasal organ may play a much larger 

part in the dog's olfaction than is currently believed. 

Negus (Coile, chapter in preparation) found that nasal passages warm 

and moisten air as it passes through them. Air that enters the nose at zero 

percent relative humidity is fully saturated by the time it reaches the trachea, 

and air ranging from -39 to 48 degrees Celsius is near body temperature when 

it reaches the trachea. This suggests that, at least to some degree, dogs control 

for the differences in scents, effectively making temperature and moisture 

constant. This could allow the dog to focus on the odorant exclusively, and 

reduce background "noise" accordingly. 

Regular breathing of the dog leaves out the ethmoidal regions and 

superior meatus, resulting in less dryness of these tissues. In contrast, sniffing 

fills the entire chamber with air. Moulton (1974) assessed the mean sniff 

duration as being between 100-150 msec, with longer sniff durations towards 

the end of a sniffing bout. The duration is not effected by odor concentration. 

He concluded that the constant mean sniff duration implies an optimal receptor 

surface exposure time, and that the greater sniff frequency observed when less 

odor is present indicates that frequency, not duration, maximizes sensitivity. 

Moulton (1974) also concluded that smaller flow rates with lower concentrations



indicate that a smaller quantity of air will contain less confusing contaminants. 

This conclusion is suspect, as any quantity of air should contain the same 

breakdown of both substrate and contaminants, unless sniffing disturbs the 

substrate, thereby increasing the likelihood of its detection. 

There can be little doubt that dogs are uniquely suited to olfactory work. 

As previously stated, the many applications for which dogs are used (including 

contraband, explosives, and human detection) demonstrates their ability to 

perform better than any currently available technology. It follows that dogs will 

be able to fulfill some of the needs expressed by the USEPA with relative ease. 

In fact, a major problem the USEPA faces when confronted with a newly 

discovered dump site is determining the perimeter of the site, and the direction 

in which hazardous materials are leaking. Currently, perimeters are determined 

by core drilling. Core drilling is an expensive, time consuming process that 

samples large amounts of soil in an effort to determine the presence of 

contaminants. Arner, Johnson, and Skovronek (1986) report one case in which 

10,000 samples were taken, with 8,000 resulting in negative readings. _ 

Presumably, dogs can be taught to outline the perimeter of a dump site 

by combining simple detection training with an organized search pattern. This 

would reduce the amount of core drilling necessary, resulting in lower operating 

cost for dump site cleanup. Arner et al. (1986) reported excellent results in a 

pilot study which used dogs to detect toluene, a chemical common in many 

dump sites. Dogs were able to detect as little as 0.5 ml from fifty feet away. 

Attempts to delineate the perimeter of the dump site were hampered by severe 

weather and no mention was made of a second effort. 

The purpose of these studies was to determine the field threshold



measures for two dogs' ability to detect formaldehyde, a chemical present in 

many Superfund dump sites. It was hypothesized that the dogs would be able 

to detect a small amount of formaldehyde (much less than is considered 

dangerous by USEPA standards) at a depth of at least as deep as current 

USEPA regulations require for dump sites - one foot for a dumpsite cap. 

Method 

Subjects 

Dogs were selected based on the following criteria. They were alert, 

assertive without being overbearing, and friendly. Dominating or retreating 

dogs were deemed unacceptable because of the potential for dog/dog and/or 

dog/handler conflict. The dogs had to actively search their immediate 

environment when ignored by the handler, demonstrating a degree of 

independence. The dogs were also required to demonstrate a high play drive. 

The play drive was operationally defined as willingness to play tug-of-war, 

chase bails, toss sticks into the air of their own accord, and any other 

spontaneous display of playfulness. 

No empirical reports were found to indicate either male or female dogs 

are more effective sniffers, and no reports were found that indicate that 

neutering or spaying has an effect on dogs’ ability to smell. Moreover, no 

empirical reports were found that indicate certain breeds are more proficient 

sniffers than others. For the type of off-lead work required in this project, the 

most suitable dogs are either herding dogs or retrievers (American Rescue Dog 

Association, 1991; DOGS East 136 Indian Town Rd., King George, VA 22485, 

personal communication, 1994). The reason for this is that both herding dogs 

and retrievers have been bred to work for man off leash, yet remain under



verbal control. Conversely, hounds and other hunting dogs have been bred to 

run game to ground, and are therefore under absolutely no handler control 

once they have been released. The use of herding dogs and retrievers also 

eliminates the need to break the dog from chasing game. 

For the above reasons, two female Australian Shepherds, Kelsey and 

Vixen, and a male German Shepherd/ Collie mix, Montey, were selected as 

subjects for the studies. Unfortunately, the German Shepherd/Collie mix would 

reach training criterion and then refuse to work. A total of four different training 

methodologies were used on him, with the same result every time. The author's 

determination that Montey was a "soft" dog, and therefore unsuitable as a 

working dog, was confirmed by a training expert (Dotson, 136 Indian Town Rd., 

King George, VA 22485, personal communication, 1994), and he was 

subsequently dropped as a subject. 

Procedure 

Both subjects were enrolled in formal basic and advanced obedience 

classes. These classes covered the commands sit, come, down, heel, 

controlled walk, and handler voice inflections. Lessons were practiced daily 

throughout the study, with at least twenty successful repetitions per behavior as 

the minimum criterion. 

Reinf | Punist | 

Detection training utilized basic operant conditioning principles to teach 

the dogs the desired behaviors. Subjects were maintained on a free-feeding 

schedule after preliminary results indicated their motivation levels were 

unaffected by food deprivation. It was deemed unnecessary to food-deprive the 

10



dogs if they performed equally well without deprivation. 

Initially, a Dinner Round brand food pellet, accompanied by lavish praise, 

was given for each correct response, maintaining behavior on a continuous 

schedule of reinforcement. As the dog mastered the task, the reinforcement 

schedule remained unchanged. While it may seem as though the dogs were 

maintained on a continuous schedule of reinforcement, this is not the case. Ina 

choice situation, like the discrimination task at hand, a lack of response in the 

absence of a target is a correct rejection. Therefore, the correct rejection is 

actually a desired response, and when dogs were rewarded for indicating the 

presence of formaldehyde, they were in effect rewarded for correct rejections as 

well, regardless of how many they made prior to the indication. 

Throughout training, the end of the day feeding was accompanied by a 

great deal of praise for the dog, and the dry food was mixed with a little canned 

food to make it more "exciting". Total daily food allotment for the Australian 

Shepherds was two and a half cups of Purina O.N.E. brand dog food. These 

quantities were based on Purina’'s listed recommendation for the dogs’ body 

weight and modified according to any fluctuations in body weight. 

Punishment, when necessary, was in the form of a time-out procedure. 

Slightly removed from the training facility was a "stake-out" area. This area 

consisted of a ten-foot light duty chain attached at one end to a cork-screw 

anchor. The other end was clipped to the dog's collar. When the dog 

misbehaved or failed to perform, the handler said "no" in a low, firm tone, and 

the dog was promptly taken on a short leash to the stake-out area and left alone 

for ten minutes to half an hour. There were no toys or food available to the dog 

during the punishment period. At no time did the handler speak loudly at the 

11



dog, hit or beat the dog, or threaten it in any manner. 

Both dogs were taught to detect formaldehyde by means of an adaptation 

of a "four hole" training methodology used in explosives detection training 

(Ternes & Prestrude, 1991). The quantity used in the training procedures was 

0.5 mi of formaldehyde. The formaldehyde was measured in a 0.5 ml pipette 

and placed in a one-pint mason jar. The jar was then closed, but the lid had five 

quarter-inch holes drilled in the center. The holes in the lid served to keep the 

dogs from coming in contact with the formaldehyde while still allowing free air 

flow through the container. 

At the first stage of training, formaldehyde was placed in one jar in the 

manner described above. The jar was then placed in an open-top wooden box 

that was designed to minimize the possibility of the jar being knocked over. 

Initially, as in explosive detection training, the dog was led into the room 

containing the box, and released from the lead. Upon release, the handler said 

"find", and the dog was allowed to explore the room at its leisure. As the dog 

approached the box, the handler immediately said "good" and gave the dog a 

food pellet. The dog's behavior was to be shaped in this manner until it reliably 

went to the box and placed its nose on the jar. It became immediately apparent 

that this shaping process was an extremely inefficient training methodology. 

The methodology required the dogs to happen upon the jar, which led to 

obvious confusion and discomfort in the dogs. It was then decided to modify the 

training procedure because working dogs operate best when the work is fun 

and expectations are clear (Wilkes, 1-800-472-5425, personal communication 

1994; Dotson, personal communication, 1994; D.O.G.S. East, unpublished SAR 

12



training manual). 

The dog was led in to the room as before, but instead of allowing the dog 

to wander freely, it was led to the box containing formaldehyde. The instant the 

dog showed any interest in the box, it was rewarded with lavish praise and a 

food pellet. This continued until the dog pulled at the leash all the way to the 

jar. The dog was then taught to sit when it arrived at the jar. This was 

accomplished quite simply, when the dog reached the jar, it was told to sit. Both 

dogs made the association quickly, and were taught to sit at the jar within two 

days. The sit response serves to indicate the presence of formaldehyde to the 

handler, and is called an alert. The dogs were then taught to perform this task 

off-leash, and the dogs performed as well off-leash as they did on within one 

training session. 

In the next phase of discrimination training, two boxes were used. One 

box contained formaldehyde prepared in the usual manner. The other was 

prepared in exactly the same way, but contained tap water rather than 

formaldehyde. The dog was off-leash as before. It only received a food pellet 

and praise when it went to the formaldehyde. After each trial, the dog was led 

out of the room by the handler, and an assistant rearranged the jars. The jars 

were presented in random order for each trial, as determined by the assistant. 

The one requirement was that the jars not be in the same position more than 

two times in a row. The procedure was then repeated using one jar containing 

formaldehyde and two "dummy" jars, and finally one target and three 

"dummies". Criterion for moving to the next stage of training was the successful 

detection of the target jar on every trial for two consecutive days. The dogs 

were also be taught to stay on target for a minimum of four seconds, sitting at 

13



the box until the handler said "OK". As training progressed, the jars were 

spread throughout the room, which encouraged the dogs to actively search. 

Both dogs were tested on the jars out of doors following mastery of the task in 

doors. 

Outdoor testing served the dual purpose of providing a test environment 

replete with distractions and ensuring that the dogs could detect the stimulus in 

the presence of competing odorants. Initially the dogs were tested for 

discrimination in the same manner as described above. When it was clear that 

the dogs could find the jars outside, the transition to finding buried 

formaldehyde was implemented. 

Until the transition phase of training was implemented, the dogs could 

use the presence of the boxes containing formaldehyde as visual cues. In order 

to reduce the possibility of the dogs relying to some extent on visual cues, it was 

decided that the formaldehyde had to be placed on or in the ground without any 

cues to alert the dogs to its presence. Simply pouring formaldehyde on the 

ground was dismissed as an option because the dogs would be able to come in 

direct contact with it, and formaldehyde evaporates extremely quickly. It was 

therefore decided to inject formaldehyde into the ground. 

The usual quantity of formaldehyde (0.5 ml) was injected into the ground 

using a sterile hypodermic syringe. The syringe was chosen because it caused 

no perceptible ground disturbance that might serve to cue the dogs. Both dogs 

mastered the task in two trials. The final stage of discrimination training 

required the dogs to detect 0.5 ml of formaldehyde buried under one inch of 

loose sand, which approximated the zero depth during testing in Experiment I. 

This final stage was chosen to ensure that the dogs could indeed detect buried 
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formaldehyde before testing began. In order for the dogs to complete the 

training, they must have successfully detected two containers of formaldehyde 

from among six that have been buried. The other four containers were filled 

with tap water. Both dogs performed at criterion in the first trial. 

Training Schedul 

The dogs were trained in two sessions per day, with six administrations 

of reinforcement constituting the completion of a training session. Six 

sequences were chosen because the dogs were still enthusiastic upon 

completion of the session, and were eager to repeat the performance. The 

order in which the dogs underwent training was counter-balanced to contro! for 

order effects and possible cues from one dog to the other. If the dog performed 

satisfactorily, it was taken to an enclosed run area, given food and praise, and 

the handler played with it briefly. On the few occasions that punishment was 

required, the dog was taken to the time-out area in the manner described 

above. 

Experiment I 

Jest Course Design 

Two identical test courses were designed, one at the dogs' home and 

one on the area in which training took place. The decision was made to use 

two courses to compare the dogs’ performance in familiar versus unfamiliar 

environments. The field threshold testing took place in an open field in both 

locations. Holes were distributed in an roughly circular route, with 

approximately six feet between each hole. Formaldehyde was measured as 

before, but was contained in a plastic 35 mm film canister. Sham canisters 

were prepared in the same manner, but contained water rather than 
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formaldehyde. Film canisters were sterilized prior to their use. The canisters 

were left open, and were used primarily to insure that the formaldehyde did not 

leach down to a depth further than the depth assigned the particular hole. 

Holes were created by using a sledge hammer to pound a metal pipe to 

the required depth, effectively core-drilling each hole. After placing the 

appropriate canister, the hole was refilled using sand. Sand was selected 

because it is of a consistency that allows it to settle evenly, leaving no air 

pockets, and in order to control for possible soil differences found from hole to 

hole. The sand was not tamped down to ensure that all holes were packed to 

the same degree. 

The holes varied in depth by six inch increments. Depths ranged from 

zero, where the canister was barely covered, to two feet and were selected at 

random. There was a total of four holes per depth that contained formaldehyde, 

and one at each depth that contained a sham canister (see Figure 1). The 

depth of each hole was chosen at random within the prescribed parameters. 

The positioning of the sham canisters was also randomly selected. Each hole 

was marked with surveyors flags which were numbered one through twenty five. 

An assistant placed the appropriate containers in the holes, and recorded the 

contents next to its corresponding number on a data sheet. The handler was 

blind to the placement of the containers to avoid possibly cueing the dogs. 
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23 (.5, F) 4 (.5, F) 

22 (1,8) 

21 (2, F) 

   20 (1.5, F) ° F 

Reward 7, F) 

19 (2, F) 8 (.5,S) 

18 (1, F) 9 (.5,F) 

17 (1, F) 10 (0, F) 

~ 16 (0, F) 

      

11 (1.5, F) 

12 (0, F) 
14(1.5,S) 13 (1.5, F) 

Number outside parentheses represents the hole number. 
Number inside parentheses represents the hole depth, measured in feet. 
F = Formaldehyde 
S = Sham 
Reward = Jar containing formaldehyde where dogs were rewarded following an alert. 

Figure 1. Experiment | Test Course Lay-out. 
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Threshold Testing 

Testing took place on three different occasions. The first was immediately 

after burial of the formaldehyde, while the second and third were 24 and 48 

hours after burial, respectively. Before each test the handler walked over the 

entire test area in an effort to avoid unintentional scent cues. The first dog was 

led to hole number one, and was led around the circle in a clockwise direction 

until the circumference was traveled. Alerts and their locations were recorded 

by an assistant. Following the first dog's test, all evidence of digging was 

covered, and the handler again walked over the entire test area. The second 

dog was then led to hole number twelve, and led around in a counter clockwise 

direction. Subsequent tests were also counter balanced in this manner, with the 

second dog being the first dog on the course, and so forth until the conclusion of 

testing. 

To control for the possibility of rewarding the dogs for a false alert, a jar 

containing 0.5 mi formaldehyde and identical to those used during training was 

placed in the center of the circle. When the dog alerted, the handler was to say 

“OK”, which served as a release command by allowing the dog to break from its 

sit response. OK is a neutral command which does not indicate right or wrong 

to the dog. The dog was then to be led to the jar in the center and again told to 

find. Upon alerting, it was rewarded. The handler was to remain blind to the 

actual test results until the final tests were completed, so this procedure allowed 

the dog to be rewarded correctly, and also served as a break from the test 

process. 

Analyses 

The dependent measure for Experiment |! was the depth at which the 
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dogs detected 0.5 ml of formaldehyde 50 percent of the time. The dogs were 

not able to detect the buried formaldehyde, regardless of the depth. In fact, the 

dogs seemed to be alerting in a random manner when tested. Since the 

experimenter was to remain blind to the actual placement of formaldehyde until 

the conclusion of testing, it was decided to continue with testing for the three 

day period. 

Testing was completed on the fourth day after onset in course one, and in 

three days at course two. The fourth day of testing on course one was 

employed to ensure that formaldehyde didn't diffuse to the surface after a 

prolonged burial, and actually occurred seven days following the onset of 

testing. As mentioned above, there were holes containing formaldehyde and 

sham holes, designed to detect false alarms. As such, there was a total of four 

possible responses: Hits, false alarms, misses, and correct rejections. Hits 

occur when a dog alerts in the presence of formaldehyde; false alarms occur 

when the dog alerts when formaldehyde is not present; misses occur when the 

dog fails to alert in the presence of formaldehyde; and correct rejections occur 

when the dog does not alert and formaldehyde is not present. Hit rates were 

calculated for each dog by dividing actual hits by total possible hits (see Table 

1). False alarm rates were calculated by dividing actual false alarms by false 

alarms plus correct rejections (see Table 2). Results were further analyzed 

using signal detection analysis (Grier, 1971), which takes into account potential 

response biases. Specifically, A prime (A’) was calculated using the following 

formula: 

A’=.5+[(y-x) (1 +y-x)/4y(1 -x)] 

where y equals hit rate, and x = false alarm rate. Thus, A’, a non-parametric 
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index of D’, represents detection accuracy by taking into account both true hits 

and false alarm bias. It ranges from 0.5 to 1, where the former indicates that 

results were due simply to chance, and the latter represents perfect accuracy. 

Results 

Table 1 summarizes the dogs’ responses and accuracy rates sorted by 

the day and course variables. As indicated in Table 2, the dogs were incapable 

of detecting 0.5 ml of buried formaldehyde. That is, both Kelsey and Vixen’s hit 

rates were extremely low (.15 and .19 respectively), and the subsequent A’ 

scores were close to chance levels (.67 and .63 respectively). Further, the false 

alarm rate is artificially low as a result of their random response patterns. While 

results in Table 1 seem to indicate a trend of decreasing sensitivity over time, 

that is not the case. Both dogs were alerting in such a random manner that any 

alert is suspect, especially when one takes into account that most alerts 

occurred at the deepest holes. Experiment Il’s results indicate how unlikely it is 

that the dogs actually detected any formaldehyde in Experiment I. 
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Table 1. Experiment ! Results. 
In an effort to relieve what appeared to be frustration, both dogs alerted at an 
extremely low rate and in a random manner over both courses. Therefore, the 
number of false alarms is artificially low, and the number of correct rejections is 
artificially high. Further, all hits are suspect, and most likely are due to no more 
than the fact that the dogs happened to alert at a hole which contained 
formaldehyde. In Table 1, H = hit; FA = false alarm, M = miss, and CR = correct 

  

  

  

  

  

  

  

                          
  

      

rejection. 

Course One Course Two 

Kelsey Vixen Kelsey Vixen 

H | FA] M_|CR/ H | FA{| M {CR FA} M_|CR] H | FA] M [CR 

Day 1 8{2{112;3}] 842412] 3 07;15;5 {810 j412| 5 

Day 2 3},0]17|5]4 {1 116] 4 01/19} 5];]0],0,20; 5 

Day 3 4;0j;16;5}]2;,0,18] 5 0720/5] 2]0{118] 5 

Day 4 010 ;20|5],3{|114174\ 4 

Total 15} 2 |65|18/17]| 4 |63] 16 0 |54/15;10] 0 |50{15 

Hit Rate .19 21 1 17 

FA Rate 1 2 0 0 

A’ .64 52 5 79         
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Table 2. Signal detection rates collapsed across courses. 
As in Table 1, the false alarm rate is artificially low, and even though the hit rate 
is extremely low, it is actually artificially inflated. A’ scores indicate results are 
due almost entirely to chance, and no further analyses were deemed 
necessary. 

  

  

  

  

        

Kelsey Vixen 

Total Hit Rate 15 19 

Total False Alarm Rate .06 11 

Total A’ .67 63 
  

The 0.5 ml quantity was based on the Arner et al. (1986) finding that dogs 

could be trained to find 0.5 ml of toluene above ground. Both subjects in this 

study had no problem finding 0.5 ml of formaldehyde above ground. Great 

pains were taken to insure that the dogs were indeed trained to find 

formaldehyde, and they were required to do so 100 percent of the time ina 

number of different situations before testing. Both dogs chose the correct jar 

when presented with a choice. Neither dog alerted when there was no 

formaldehyde present, and both dogs could easily detect 0.5 ml from distances 

over 100 feet. Also, both could find the formaldehyde when it was hidden in a 

wooded area. 

It is therefore concluded that 0.5 ml of formaldehyde is not volatile 

enough to permeate sand. Experiment Il was designed to determine the 

subjects’ threshold for formaldehyde buried at a depth of one foot. In 

Experiment Il, the hole depth remained constant, while the amount of 

formaldehyde was varied. The one-foot depth was chosen because that is the 

depth the USEPA requires for a cap over toxic waste landfills. 
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Experiment Il 

Test Course Design 

Holes were created in the same manner as those in Experiment |. The 

course for Experiment II was laid out in a straight line with holes spaced six feet 

apart. Formaldehyde quantities ranged from zero (no formaldehyde) on one 

end to 10 mi on the other (see Figure 2). Concentrations were increased in 1.0 

ml increments. Formaldehyde was buried in the same manner as in Experiment 

I. 

  

1 2 3 4 5 6 7 8 9 10 11 

Om Im 2m 3m 4m Sm 6m 7m Smt Cs Om: «10 ml 

Top number = hole number 
Bottom number = quantity of formaldehyde (ml) 
Space between holes ~ 6 feet     
  

Figure 2. Experiment Il Test Course Lay-out. 

Threshold Testin 

Experiment I! testing utilized a standard method of limits measuring 

methodology, in that subjects had three ascending trials and three descending 

trials each. Trial presentation was counter-balanced by having the first dog start 

with an ascending trial, then a descending trial, and so on. The second dog 

started with a descending trial, then an ascending trial and so forth. After each 

trial (ascending or descending), the dog was rewarded and put in a holding 

area. The other dog was then brought out and tested on the appropriate trial. 
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This continued until both dogs had completed all six trials. Testing was 

conducted 15 minutes following burial of the formaldehyde, and the dogs’ alerts 

were recorded at the appropriate holes. 

Results 

Thresholds were determined by averaging the quantities contained in the 

final hole at which the dog alerted in each (ascending or descending) trial. 

Table 3 describes the specific quantity of formaldehyde at which the dogs’ final 

alerts were recorded for each trial. Thresholds were computed for ascending, 

descending and overall quantities of formaldehyde (see Table 4). The 

thresholds for Kelsey and Vixen (respectively) are 7.33 ml and 6.67 ml for 

ascending trials, 6.00 mi and 6.00 mi for descending trials, and 6.67 ml and 

6.33 ml overall, with a combined, overall threshold of 6.50 ml. 

Table 3. Quantity of formaldehyde present at final alert in each trial. 

  

  

  

                

A D A D A D 

Kelsey 7 mi 6 ml 8 ml 6 ml 7 mi 6 ml 

Vixen 7m 8 ml 5 ml 7 mi 6 ml 5 ml 
  

A = ascending trial 

D = descending trial 
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Table 4. Experiment II thresholds. 

  

  

  

  

        

Kelsey Vixen Combined 

Ascending 7.33 ml 6.00 ml 6.67 ml 

Descending 6.00 mi 6.67 mi 6.34 ml 

Overall 6.67 ml 6.34 ml 6.51 mi 
  

Two-sample t-tests (assuming equal variances) were calculated using 

Microsoft Excel. No difference was found between dogs in ascending trials (t = 

0.71; p = 0.52), in descending trials (t = 0; p = 1), and overall (both ascending 

and descending) (t = 0.56; p = 0.59). Moreover, a comparison between overall 

ascending and descending collapsed across dogs yielded no difference (t = 

1.94; p = 0.08). Results from Experiment II indicated that the dogs were indeed 

capable of detecting buried formaldehyde, but at a greater quantity than was 

used in Experiment I. It is therefore concluded that the average quantity of 

formaldehyde buried under one foot of sand that the dogs can detect is 6.51 ml, 

and there is no difference in the dogs’ ability. 

Discussion 

The results of Experiments | and II indicate that there is reason to believe 

that dogs can be used to locate toxic chemicals both above ground and buried 

underground. While it is unlikely that sand will be used to cap toxic waste sites, 

its use here was dictated by the need to ensure equal tamping in the holes, to 

control for soil differences, and to eliminate the possibility of air pockets. 

The fact that there is no difference in these two dogs’ abilities is 

encouraging because once a dog’s desire to work has been established, it may 
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be possible that one may expect little difference in scenting capabilities. If it can 

be established that most dogs sniff equally well given a desire to work, a 

screening test based on clear behavioral measures may be developed to aid in 

determing a particular dog’s scenting capability. Future research will examine 

this area, and will attempt to develop an effective screening test. 

The lack of alerts in Experiment | is understandable when one considers 

the amount of buried formaldehyde the dogs were able to detect (6.51 ml ata 

depth of one foot) in Experiment Il. This quantity is six ml (13 times) greater than 

the target in Experiment | (0.5 ml). It was thought that the dogs’ ability to detect 

buried formaldehyde prior to the onset of Experiment | testing (see 

Discrimination Training section) had been accurately assessed. It seems that 

rather than alerting on the target odor itself, the dogs were instead alerting on 

inadvertent cues from the handler. Examples of these inadvertent cues may 

include pausing at target holes longer than sham holes, variable voice 

inflections, and possible hand signals This became clear only after blind testing 

had been implemented. Here, the handler had no idea which holes contained 

formaldehyde, and was therefore incapable of providing the dogs with any sort 

of cue. 

It is important to note that in Experiment | the dogs could readily locate 

0.5 ml of formaldehyde above ground. That quantity can hardly be considered 

hazardous in terms of effecting a water supply or neighborhood. Any quantity 

for which dogs would be needed would certainly be far greater than 0.5 ml. 

This project was exploratory in nature, and as such future research 

needs became clear as the work progressed. For instance, while a threshold 

for buried formaldehyde certainly provides information previously unavailable, 
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thresholds obtained under ideal conditions, as well as ideal scenting conditions 

themselves, are yet to be determined (see page 28). It would be very 

illuminating to know how many parts per million it is the dogs detected, but the 

method required to make that determination is prohibitive both in terms of cost 

and equipment. The cost alone for the required analysis (gas chromatography) 

would be at least $1000.00. Even if arrangements were made to that end, soil 

sample integrity would always be suspect unless either the analysis could be 

performed on-site, immediately following an alert, or the sample could be 

immediately fixed in the solution that will actually be analyzed. 

An extension of the absolute threshold research will be an examination 

of what it is the dogs are actually smelling. It is believed that rather than 

responding to a particular odor, the dogs are responding to a dynamic pattern. 

As the odorant decomposes (be it chemicals, explosives, cadaver, drugs, etc.), 

presumably its pattern changes. It seems as though the dogs will still respond 

to the stimulus, despite its apparent decomposition, provided that the target is 

basically the same size or quantity of the training aid. Therefore, a further 

measure of canine olfaction that needs attention is the actual quantity of an 

odorant used during training as compared to the quantity the dogs are expected 

to detect in the field. It has come to the author’s attention through discussions 

with various law enforcement personnel that dogs capable of finding two or 

three marihuana seeds will walk right by a bale of marinuana. This sort of 

reaction to large quantities of substances when dogs have always been 

exposed to small quantities will be the focus of future research, and is a critical 

consideration when, for example, one considers that dogs trained for explosives 

detection by the Department of Defense are trained on small quantities of 
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explosives. 

A current trend in the field of canine training is to use a pseudo scent in 

place of a real scent for training. This work is in progress in the cadaver dog 

area, and is in the development stages in explosives and drug detection fields. 

Future studies will determine if in fact these aides are as effective as using the 

real target odor. While the desire for training aids is understandable, using 

them before their efficacy has been established can be disastrous. In fact, it is 

as yet unknown exactly what dogs detect given a certain odorant. Further, few 

measures of absolute certainty exist in relation to canine olfaction. Given these 

constraints, and the possibility that odor detection is the result of a dynamic 

environmental interaction, extreme caution must be exercised before accepting 

pseudo scent articles as training aides. 

Another project, currently in progress, is designed to determine if dogs 

can be trained on a number of different odorants, and detect them equally well. 

The next step in that project is to select one odorant from the group and use it to 

prime the dog, in effect keying it to the desired odorant that is to be found. This 

Capability would allow a dog trained on a number of different odors to 

selectively search for a particular odor, and ignore others it is trained on. The 

dogs will also be tested to see if they can be trained to detect an entirely new 

odorant on site, in effect making their detection capabilities extremely wide 

ranging. Provided dogs can be trained on-site, it would be possible to transport 

any number of dogs to a suspected site and train them to the target odor quickly. 

Further research will also address the area of optimal scenting 

conditions. Areas of inquiry will include the effects of relative humidity, stimulus 

volatility and moisture content, air currents, and air pressure on canine olfaction. 
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Circadian rhythms and physical conditioning will also be the focus of future 

inquiry. Factors that may interfere with canine scenting efficacy will also be 

explored. Examples include odorant masking, distractions, and both physical 

and chemical blocking mechanisms. 

It is important to reiterate that while little is understood in regards to 

canine olfaction, dogs remain the optimal choice for any scent-work issues. 

Mechanical “sniffers”, including a mechanical nose, are in various stages of 

development, but none have been demonstrated to approach the dog’s 

effectiveness. Dogs are far less expensive, much less fragile, less susceptible 

to minor environmental variations, and more portable than any current machine 

technology. Nature has selected, over thousands of years, the most effective 

detection technology available. Instead of attempting to replace dogs, the focus 

of machine technology should be the development of a capability to work in 

conjunction with dogs in a complimentary fashion. 
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