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SYNOPSIS

Objectives. This study utilized the electronic medical records of six veterinary 
hospitals (operated by Ban�eld, The Pet Hospitalfi) in the vicinity of Fairburn, 
Georgia, to assess the health of dogs and cats following the unintentional 
release of propyl mercaptan from a waste-processing facility.

Methods. Standardized electronic medical records were used to de�ne clini-
cal syndromes (eye in�ammation, gastrointestinal, respiratory, fever, general 
weakness/change in mental state) in dogs and cats. The frequency and geo-
graphic distribution of each syndrome was evaluated before, during, and after 
the chemical release, using control charts, density maps, change in average 
mean distance from a suspected point source of chemical release, space-time 
statistics, and autoregressive integrated moving averages. 

Results. No consistent pattern of change in syndromic events was observed 
following the suspected release of propyl mercaptan. Some syndromes, includ-
ing respiratory syndrome in cats, gastrointestinal syndrome in dogs, and eye 
in�ammation syndrome in both cats and dogs, showed a change in time and 
spatial patterns following the release of propyl mercaptan into the community. 
These changes were consistent with clinical signs observed in people during 
a previous propyl mercaptan release in California as well as the release in 
Fairburn. 

Conclusions. A systematic review of electronic medical records of dogs and 
cats exposed to release of propyl mercaptan showed no conclusive and consis-
tent evidence of adverse health effects. Methods for the use of medical records 
of pets for detecting environmental hazards require further development and 
evaluation.
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The �canary in the mine� was a sentinel for environ-
mental health hazards.1 Animals outside the labora-
tory can yield information about each step in risk 
assessment, including risk characterization, hazard 
identi	cation, dose-response assessment, and exposure 
assessment. Under appropriate conditions, the use of 
domestic and wild animals can help to reveal the pres-
ence of unknown chemicals in the environment before 
they cause harm to humans or to help identify health 
effects of exposure to known or suspected chemical 
contaminants. A National Academy of Sciences Com-
mittee on Animals as Sentinels of Environmental 
Health Hazards noted that �domestic animals often 
share the human environment and are capable of 
responding to chemical insults manifested by a broad 
spectrum of pathologic conditions, including behav-
ioral and reproductive dysfunctions, immunologic and 
biochemical perturbations, and anatomic changes as 
varied as birth defects and cancers.�1 Despite the obvi-
ous advantages of animal sentinels, they are rarely used 
to investigate the impact of the release of industrial 
chemicals into a community.

On July 28, 2006, the Georgia Department of Human 
Resources, Division of Public Health (DPH) was invited 
by the LaGrange Health District in LaGrange, Geor-
gia (about 60 miles southwest of Atlanta), to assist in 
an investigation of health effects related to exposure 
to industrial chemicals. Fairburn, Georgia, is located 
about 20 miles southwest of Atlanta and has a popula-
tion of approximately 8,500 with an additional 20,000 
people living in the nearby Georgia communities of 
Fayetteville and Tyrone. During June 2006, a wastewater 
treatment and nonhazardous waste-processing facility 
(PSC Recovery Systems) located in Fairburn handled 
shipments of industrial wastewater containing the 
pesticide Ethoprop and its breakdown product, pro-
pyl mercaptan. On June 29, the facility received and 
rejected a shipment in four tanker trucks after one of 
the trucks was tested and found to have an excessive 
odor caused by propyl mercaptan.

Propyl mercaptan has a strong onion-like odor, and 
exposure to the chemical has been reported to cause 
symptoms in people including headache, nausea, and 
irritation of the skin, eyes, and mucous membranes.2 
Community complaints about odors and health con-
sequences were reported to local health of	cials, and 
an investigation was initiated. A Web-based community 
survey of 622 people found that 96% reported one or 
more symptoms including headache (74%), burning 
eyes (58%), cough/sore throat (54%), nausea/vomit-
ing (49%), and dif	culty breathing (45%). In addition, 
many people reported a foul odor. A total of 187 people 
reported seeking medical attention. A case was de	ned 

as a person having at least two of the symptoms with 
onset between May 1 and August 31, 2006; 353 people 
met the case de	nition. Among the 233 cases report-
ing an estimated date of onset, 41% occurred between 
the weeks of June 25 and July 9 and 82% between the 
weeks of May 28 and July 9; approximately 60% of 
these individuals lived within three miles of the PSC 
Recovery Systems plant. The epidemic curve suggested 
continued exposure to a toxic chemical.

A telephone survey was conducted of all people 
whose community survey form included reports of 
symptoms in a pet animal. Of 36 animals with clinical 
signs, 29 were dogs, six were cats, and one was a rab-
bit. The locations of affected animals were similar to 
the areas where symptomatic residents reported living. 
The most commonly reported clinical signs in animals 
were change of behavior, such as lethargy and lack of 
activity (18), diarrhea (17), loss of appetite (15), runny 
nose (12), and sneezing (12). The clinical signs ranged 
in onset from the 	rst week of February through the 
second week of July. Six of the animals had been seen 
by a veterinarian, but the 	ndings from these exami-
nations were varied and not speci	c. Eight affected 
animals died, but only one of these had a necropsy 
exam performed by a veterinarian; the 	ndings in this 
dog were consistent with a diagnosis of gastric torsion 
(bloat). The pattern of morbidity and mortality in the 
domestic animals was not considered suggestive of a 
chemical toxin or other known etiological agent.

The Georgia Syndromic Surveillance Program that 
was being developed by the Georgia DPH did not have 
any reporting hospitals located in the Fairburn area 
before August 2006. Therefore, data were not available 
from that system that could be used to further study the 
health effects in people associated with the release of 
propyl mercaptan. In September 2006, the director of 
the National Companion Animal Surveillance Program 
(NCASP) at Purdue University in West Lafayette, Indi-
ana, was contacted by the Georgia DPH and asked to 
assist in its ongoing investigation in Fairburn. NCASP 
was originally established with a $1.2 million grant 
from the Centers for Disease Control and Prevention 
(CDC) to conduct syndromic surveillance of compan-
ion animals for acts of bioterrorism. However, NCASP 
may also be utilized to conduct retrospective analyses 
using medical records of dogs and cats following an 
unintentional release of industrial chemicals into the 
environment. 

The purpose of this article is to describe how NCASP 
was used to conduct a preliminary retrospective study of 
changes in the health status of dogs and cats following 
the release of propyl mercaptan from the nonhazard-
ous waste-treatment facility in Fairburn.



A������ �� S�������� ��� C�������� E������� �� C��������    335

P����� H����� R������  /  M���J��� 2008  /  V����� 123

METHODS AND RESULTS

Fairburn is a city in Fulton County, Georgia, in the 
Atlanta metropolitan area (latitude 33.56°N; longitude 
84.58°W). As of June 2006, six primary care Ban	eld, 
The Pet Hospital veterinary hospitals were located 
within a 20-mile radius of Fairburn. From January 1 
to December 28, 2006, these six hospitals recorded 
36,744 of	ce visits for dogs and 4,608 of	ce visits for 
cats (Figures 1a and 1b). Ban	eld, The Pet Hospital 
is currently the largest provider of health care for 
companion animals in the U.S., with more than 640 
full-service veterinary hospitals located in 44 states that 
see approximately 80,000 pets weekly.

Ban	eld hospitals use a proprietary software system 
called PetWare� to electronically record all demo-
graphic and medical information. The medical-records 
system used by Ban	eld has been described previously.3 
Medical records are uploaded nightly to a central data 
warehouse. Using the SASfi Pass-Through Facility for 
Oraclefi,4 these records were transferred to Purdue 
University for use in this study, and all procedures were 
approved by the Human Subjects Committee of Pur-
due University. Data transferred to Purdue University 
were converted into analysis-ready datasets using SASfi 
9.1.3 software.5 A data visualization system developed 
at Purdue University called Linked Animal-Human 
Health Visual Analytics (LAHVA)6 was used to plot the 

geographical distribution of dogs and cats with speci-
	ed clinical syndromes over space and time. 

Following noti	cation by the Georgia DPH, NCASP 
used syndromic de	nitions based on exam codes rather 
than speci	c diagnoses to compare the health status 
of dogs and cats before, during, and after a possible 
exposure to propyl mercaptan. Syndromes were studied 
rather than speci	c diagnoses, because syndromic sur-
veillance is capable of detecting responses of animals 
and people to environmental hazards and infectious 
agents sooner than would otherwise be possible using 
disease diagnoses based on the results of speci	c labora-
tory tests.7 The following syndromes were evaluated in 
dogs and cats separately because they have previously 
been associated with exposure to propyl mercaptan in 
people:2 eye in�ammation (allergic in�ammation of 
the conjunctiva); gastrointestinal (GI) (diarrhea, vomit-
ing, or excess gas); respiratory (coughing or trouble 
breathing); fever (elevated body temperature); and 
general weakness/change in mental state (fainting, 
ataxia, depressed mentation, 	ts, or seizures). During 
2006, the most common syndrome observed was GI 
(11.0% dogs, 11.2% cats) (Table 1).

Shewhart control charts8 in SAS were initially created 
to evaluate the temporal variability in frequency of each 
syndrome by week in 2006 and to determine at what 
point the frequency of these events exceeded a pre-
speci	ed upper limit. The hypothesis tested is that the 

H  veterinary hospital

PSC  PSC Recovery Systems (the waste-processing facility where 
the release of the chemical propyl mercaptan was suspected to have 
occurred on June 29, 2006)

Figure 1a. Dog visits to six Ban�eld, The Pet 
Hospitalfi veterinary hospitals within a 20-mile  
radius of Fairburn, GA, in 2006

Figure 1b. Cat visits to six Ban�eld, The Pet  
Hospitalfi veterinary hospitals within a 20-mile  
radius of Fairburn, GA, in 2006

H  veterinary hospital 

PSC  PSC Recovery Systems (the waste-processing facility where 
the release of the chemical propyl mercaptan was suspected to have 
occurred on June 29, 2006)
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frequency of events exceeded the upper limit during 
the four-week period following the chemical release. 
Only GI syndrome in dogs and respiratory syndrome 
in cats (Figures 2a and 2b) ful	lled this requirement. 
However, the upper limit for the frequency of canine 
GI syndrome was also surpassed earlier in the year 
(February through March), indicating a lack of speci-
	city of syndromic events associated with a chemical 
release on or about June 29.

The Fairburn area was divided into one-mile-square 
grids, and the frequency of syndromic events in dogs 
and cats was calculated for each grid at two-week 
intervals from June 6 through July 6. The goal was 
to determine if any speci	c syndrome increased in 
frequency following the suspected chemical release on 
June 29 and if it did, its geographic relationship to the 
PSC Recovery Systems waste-processing facility. None 
of the syndromes evaluated suggested an increase in 
frequency associated with the chemical exposure on 
June 29. NCASP thought about constructing a plume 
analysis to relate the suspected directional dispersion 
of propyl mercaptan into the community, based on 
its physical properties and weather conditions at the 
time, to the occurrence of syndromic events in dogs 
and cats. However, it was determined that insuf	cient 
information was available at the time to create an 
accurate plume analysis.

To evaluate a causal relationship between a point-
source chemical release and the occurrence of syn-
dromic events, each event was graphed as a function 
of time of onset (x-axis) and the number of miles a 
dog or cat with that event was located from the PSC 

Recovery Systems waste-handling facility (the epicen-
ter) (Figures 3a and 3b). A block bootstrap method9 
was used to determine if there was a statistically sig-
ni	cant difference in the mean distance between each 
two-week period and the preceding three-month period 
for a clinical syndrome in dogs or cats. This was done 
by evaluating quantiles of distance to the epicenter. 
That is, the value of q such that during the two-week 
period of interest, 25% of cases were closer than q 
miles to the epicenter. Then q was resampled for 999 
bootstrap replicates, with replacement from the null 
distribution of q. For example, if the two-week period 
before the chemical release was considered indicative 
of null behavior, then repeated 14-day windows were 
drawn from that period, with each yielding one value 
of q. The p-value is the fraction of time that these null 
q values were more extreme (less than) the observed 
value of q during the window immediately after the 
chemical release.

During the two-week period following the suspected 
exposure, there was a signi	cant decrease in the 
location of occurrence of eye in�ammation in dogs 
(p 0.0001), while for cats the mean distance to the epi-
center increased (p 0.62). For respiratory syndromic 
events in dogs and cats, there was a nonsigni	cant 
decrease in distance to the epicenter (p 0.16 for dogs 
and p 0.09 for cats). 

A space-time analysis was performed using the 
SatScan statistical method proposed by Kulldorff10 to 
determine if any signi	cant clusters of syndromic events 
occurred following the suspected chemical release from 
the PSC Recovery Systems waste-handling facility. This 

Table 1. Number and percent of dog and cat visits by clinical syndrome at Ban�eld, The Pet Hospitalfi  
veterinary hospitals within a 20-mile radius of Fairburn, GA, from January 1 to December 28, 2006

Dog visits Cat visits

Syndromea Number Percent of total visits Number Percent of total visits

Eye in�ammationb 529 	 1.4 148 	 3.2
Gastrointestinalc 4,037 	 11.0 517 	 11.2
Respiratoryd 1,857 	 5.1 232 	 5.0
Fevere 189 	 0.5 39 	 0.8
General weaknessf 652 	 1.8 63 	 1.4
Syndrome visits 7,264 	 19.8 999 	 21.7
Other visits 29,480 	 80.2 3,609 	 78.3

Total visits 36,744 4,608

aSyndromes were based on exam �ndings and not diagnoses.
bEye in�ammation: allergic in�ammation of the conjunctiva 
cGastrointestinal: diarrhea, vomiting, or excess gas
dRespiratory: coughing or trouble breathing
eFever: elevated body temperature
fGeneral weakness: fainting, ataxia, depressed mentation, �ts, or seizures
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analysis assumed a Bernoulli model and evaluated data 
one month at a time during 2006, with a one-month 
sliding window starting on April 1. Three syndromes 
were considered, including respiratory, eye in�amma-
tion, and GI in dogs and cats. One signi	cant cluster of 
eye-in�ammation syndrome was identi	ed in cats, and 
one signi	cant cluster of GI syndrome was identi	ed 
in dogs after the propyl mercaptan release on June 29 
(Figure 4). The eye-in�ammation syndrome cluster in 
cats occurred from July 21 to August 12 in a popula-
tion of 16 cats and covered an area of 1.67 km2, with 
7.0 cases observed vs. 0.47 expected (p 0.031). The 
signi	cant cluster of GI syndrome in dogs occurred 
from July 4 to July 11 in a population of 285 dogs and 
covered an area of 12.9 km2, with 52 cases observed 
vs. 23 expected (p 0.038). 

Finally, an autoregressive integrated moving aver-
age (ARIMA) model was developed11 to evaluate the 
occurrence of GI syndrome in dogs within 20 miles 
of Fairburn, the hypothetical release point for propyl 
mercaptan on June 29, 2006. An exponential weighted 
moving average (EWMA) was calculated based on 
the day of the week and the chemical release time as 
follows:

EWMAt  (1- )  EWMAt-1    Yt

Ct  Max [Ct-1  (Yt  EWMAt)  k, 0],  
here k 0.5, 0.2

A control chart was developed indicating the rela-
tionship between the chemical release date and the 
cumulative values for EWMA for GI syndrome in dogs 

Figure 2a. Shewhart control charts for dogs with 
gastrointestinal syndrome visiting a Ban�eld, The Pet 
Hospitalfi veterinary hospital within a 20-mile radius 
of Fairburn, GA, in 2006a 

aA suspected release of the chemical propyl mercaptan occurred on 
June 29, 2006, as indicated by the arrow. 
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Figure 2b. Shewhart control charts for cats with 
respiratory syndrome visiting a Ban�eld, The Pet 
Hospitalfi veterinary hospital within a 20-mile radius 
of Fairburn, GA, in 2006a 

aA suspected release of the chemical propyl mercaptan occurred on 
June 29, 2006, as indicated by the arrow.
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(Figure 5). The thick, black vertical line indicates the 
hypothetical chemical release date that was followed 
immediately by a spike in GI syndrome (Figure 1a). 

A more suitable time-series model can be speci	ed 
as follows:

Yt  0 1  Release  WeekDayi  t,	t 1, 2 . . . T.

T is the total number of days; t follows an ARIMA 
process; WeekDayi represents the day of the week 
effect for day t (i 1, 2 . . . 7); Release  1 for days 
between June 29 and July 12 and Release  0 for any 
other days.

The null hypothesis tested was that the effect of 
�Release� is 0, which is equivalent to the statement 
that the number of dogs with GI syndrome did not 
signi	cantly increase during the time period of June 29 
through July 12. The model with the smallest Akaike�s 
information criterion (AIC) is ARIMA(1,0,1)(1,0,0) 
(autoregressive moving average process with order 1 
and 1, seasonal autoregressive order 1 as weeks being 

the seasons). The parameter estimates are shown in 
Table 2. Because the parameter estimate for �Release� 
was 0.4603 with standard error 0.1648 and p 0.05, 
the null hypothesis was rejected. It was concluded, 
therefore, that an increase in the frequency of GI 
syndrome in dogs occurred following the chemical 
release on June 29. 

By comparison, in people who were exposed in a 
manner similar to the pets, nausea and vomiting were 
reported to occur in approximately 50% of the people 
and other GI symptoms in almost 7%. This informa-
tion was based on the community survey of 622 people 
conducted by the Georgia DPH.

DISCUSSION

Given the threat of bioterrorism following the events 
of 9/11 and the increasing availability of electronic 
databases for surveillance, monitoring systems for the 
early detection of illnesses and syndromes potentially 

Figure 3a. Distance from the epicenter for dogs and cats with eye-in�ammation syndrome occurring  
before, during, or after a suspected release of propyl mercaptan on June 29, 2006a

aThe p-value indicates whether the mean distance of dogs or cats with eye-in�ammation syndrome occurring in the period during the exposure 
was signi�cantly different from those occurring before the exposure.
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