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ABSTRACT
Intravenous injection of barbiturates, particularly pentobarbital (5-ethyl-5-pentan-2-yl-1,3-diazinane-2,4,5-
trione), is a widely used method to euthanize large animals such as horses. However, one concern with
this method is the fate of pentobarbital after the disposal of the carcass. As tissues decompose,
pentobarbital may leach into the soil and from there migrate to groundwater. A method using methanol
extraction, solid phase concentration, and liquid chromatography (LC/MS) has been developed to
measure pentobarbital in soils. Recovery of pentobarbital from soil averaged approximately 85% from
different soil types including topsoil, potting soil, sand, stall sweepings, and loam. The method was
capable of detecting pentobarbital levels of 0.1 ppm. A calibration curve was constructed with a linear
range of 1 ppm to 100 ppm. The limit of quantification was 0.5 ppm. The rate of degradation of
pentobarbital in sand, topsoil, and potting soil was measured over a 17-week period. At the end of week
17, approximately 17% of the pentobarbital remained in the sand, 19% remained in the topsoil, and 10%
remained in the potting soil. While there was a significant decrease in the pentobarbital recovered from
the soil, there were still detectable amounts of pentobarbital present in the soil after 17 weeks. To
determine the importance of bacterial degradation, the three soil types were autoclaved before addition
of pentobarbital. After autoclaving, no degradation of pentobarbital was observed in sand and one topsoil
sample, while there was no difference in the degradation of pentobarbital in autoclaved potting soil
versus potting soil that had not undergone autoclaving.
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Introduction

While a large number of studies have examined pharmaceuti-
cals in the environment, the bulk of these studies have concen-
trated on drugs used by humans. Drugs used in veterinary
medicine have received less attention, although that is chang-
ing.[1] Even among those studies, most of the published studies
have examined antibiotics and hormones used in livestock
production.[2] An often-overlooked class of veterinary drugs
are those used to euthanize animals, such as pentobarbital
(5-ethyl-5-pentan-2-yl-1,3-diazinane-2,4,6-trione). In addition
to their behavior in the animal carcass, once the tissues have
decomposed and the drug is released to the environment, inter-
actions with a complex matrix such as soil could significantly
change the fate and impact of the drug on the environment.[3]

Methods of euthanasia approved by the American Veteri-
nary Medical Association for large animals such as horses
include pentobarbital overdose, and captive bolt to the tempo-
ral lobe.[4] With a lethal dose of 2–10 g for humans, the approx-
imately 30–40 g of pentobarbital typically used to euthanize a
large animal represents a significant reservoir of the drug.[5]

For smaller animals such as dogs, the lethal dose is approxi-
mately 390 mg per 4.5 kg of body weight.[6] After euthanasia by
lethal injection, disposal of the carcass represents a problem.
Disposal methods include burying, composting, cremation, and

rendering.[7] Pentobarbital is known to survive the rendering
process.[8] Meat containing pentobarbital from euthanized ani-
mals has found its way into pet food.[9] As recently as February
2017, Evanger brand dog food was recalled after reports of ani-
mals dying or becoming sick due to pentobarbital ingestion.[10]

Burying the carcass can pose two major threats. The carcass
itself represents a source of pentobarbital and there are several
reports of secondary poisoning of wild animals such as birds of
prey and pets by the carcasses of euthanized animals.[11,12,13] In
the tissues of euthanized animals, pentobarbital has been
shown to survive for long periods of time.[14,15] One of the
reported cases of secondary poisoning involved two dogs that
disturbed an unburied horse carcass that had been euthanized
2 years previously.[12] In 2003, the FDA issued a warning stat-
ing “euthanized animals must be properly disposed by deep
burial, incineration, or other method in compliance with the
state and local laws to prevent consumption of carcass material
by scavenging wildlife.”[16]

The second source of contamination involves the release of
pentobarbital into the environment as the carcass decomposes.
While the study of pentobarbital in the environment has been
limited, there are a few reports. Pentobarbital was detected in
ground water 300 m from a landfill that had been closed
21 years earlier.[17] Also, the presence of the barbiturate,
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5,5-diallyl barbituric acid, was detected in leachates near a
landfill.[18] It was the purpose of this study to determine the
rate of decomposition of pentobarbital after sorption to various
types of soil.

Materials and methods

Pentobarbital sodium salt was purchased from Sigma-Aldrich.
Strata-X C19 solid phase extraction units and HyperClone
ODS C18 (150 £ 4.6 5 mm) HPLC columns were purchased
from Phenomenex. Millex-GV PVDF 0.22 mm syringe filters
were obtained from Millipore. All other chemicals were reagent
grade. Expert Gardener All Purpose Potting Soil Mix was
purchased from Lowe’s Home Improvement Center. Topsoil A
(0–10 cm) and topsoil B (11–20 cm) were obtained from the
Department of Agriculture and Environmental Science at Ten-
nessee State University. The other soil samples, sand, horse stall
sweepings, and loam were obtained from the University of
Tennessee Extension site in Lewisburg, TN.

Standards

Stock solutions of pentobarbital (10,000 ppm) were prepared by
dissolving 10 mg of pentobarbital sodium salt in 1 mL of meth-
anol. Any solution not used immediately was stored at 4�C.
Working standards were prepared by serial dilution with meth-
anol of the stock solution.

Characterization of soil samples

To determine the pH of the soil, 20 mL of reagent grade water
were added to 20 g of soil sample. The sample was covered and
stirred for 5 min. The suspension was allowed to stand for 1 h
to allow the soil to settle. The pH of the supernatant was mea-
sured using an Accumet AB150 pH meter equipped with an
Accumet combination electrode.

The moisture content of the soil was determined by drying
20 g of soil sample at 100�C to a constant weight. The percent
moisture was calculated by dividing the difference between the
original weight and the weight of the dried sample by the origi-
nal weight of the sample and multiplying by 100.

The organic content of the sample was determined by
ashing 5 g of the dried sample used to determine the mois-
ture content at 440�C overnight in a muffle furnace. The
organic content was calculated by dividing the mass of the
ashed soil by the original mass of the dried soil and multi-
plying by 100.

Extraction of pentobarbital from soil

Soil samples (5 g) were weighed and ground by mortar and
pestle to break up large clumps to produce a more uniform
mixture. The soil sample was spiked with varying amounts
of the stock pentobarbital solution to produce the desired
concentration of pentobarbital in the soil. The sample was
allowed to air dry for 2 h. Methanol (25 mL) was added to
the soil sample to extract the pentobarbital. The sample was
thoroughly mixed on an automated rocker overnight and the
solids allowed to settle. The supernatant was decanted into a

50 mL centrifuge tube. Another 10 mL of methanol was
added to the soil sample, and again mixed thoroughly by
shaking. The sample was allowed to settle for 1 h. The liquid
was decanted into the same 50 mL centrifuge tube. The com-
bined methanol solution was centrifuged at 1,900 rpm for
10 min. The supernatant was collected into a fresh centrifuge
tube. The process was repeated an additional two times and
solution evaporated to near dryness on a rotary evaporator
at 37�C. An additional 5 mL of water was added to the resi-
due and the solution filtered through a Millex-GV PVDF
0.22 mm syringe filter. The SPE cartridge was activated and
conditioned with 2 mL of 5% methanol, then equilibrated
with 2 mL of 1 M sodium acetate buffer (pH 7.0). The pen-
tobarbital sample was passed through the cartridge at a rate
of 5–8 drops per 10 sec. The cartridge was washed with
1 mL of 1 M sodium acetate buffer and allowed to dry under
vacuum for a minimum of 5 min. The pentobarbital was
eluted into a fresh flask with 1.1 mL of 50:50 20% methanol/
acetonitrile and the solution transferred to an HPLC vial for
LC/MS analysis.

Liquid chromatography/mass spectrometry (LC/MS)

Samples were chromatographed on a Phenomenex HyperClone
ODS C18 (150 £ 4.6 mm) 5 mm column on an Agilent 1100
LC/MS. The column was eluted with an isocratic mobile phase
of 60/40 acetonitrile/water with a flow rate of 0.4 mL min¡1.
The column temperature was 40�C and 20 mL of sample were
injected. The mass detector ionization mode was electrospray
atmospheric pressure ionization (ES-API) in negative polarity
with a fragmentation voltage of 90 V.

Calibration curve

A calibration curve was constructed based on multiple injec-
tions of stock pentobarbital solutions in methanol ranging in
concentration from 1 to 100 ppm. Multiple injections of pento-
barbital in methanol using known low concentrations were
used to determine the limit of detection (LOD). The limit of
detection was the concentration of pentobarbital that yielded a
signal-to-noise of 3 compared to a blank sample. The limit of
quantification was determined in a similar manner to that used
to determine the limit of detection using a signal-to-noise of 7
compared to a blank sample.

Stability studies

Samples of sand, potting soil, and topsoil (35 g each) were
placed in 50 mL disposable centrifuge tubes and spiked with
0.07 mg of pentobarbital. The samples were mixed thoroughly
and divided into 5 g portions and stored at 37�C. The amount
of pentobarbital remaining in the soil was determined at inter-
vals using the previously described method.

Bacterial degradation of pentobarbital

Soil samples were autoclaved and spiked with pentobarbital as
described above. The amount of pentobarbital remaining in the
soil was determined by LC/MS as described above.
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Results and discussion

Because of the expected complex nature of the soil sample
extracts, LC/MS was chosen as the method to identify and
quantify pentobarbital recovered from various soil samples. A
standard sample of pentobarbital was used to determine the
retention time of pentobarbital and its mass spectra (Fig. 1).
Pentobarbital had a retention time of 3.8 min and the extracted
ion spectra of the peak at 3.8 min gave a major peak with an m/
z value of 225 (Fig. 1 inset) in the negative ion mode which is
consistent with the [M-H] spectra of pentobarbital. The polar-
ity of the mass analyzer was the most significant instrument
parameter in determining the signal intensity. In the negative
ion mode pentobarbital could be detected at the part per mil-
lion level, while in the positive ion mode no signal for pento-
barbital was observed.

A calibration curve was constructed for pentobarbital to
determine the range of linearity, limit of detection (LOD), and
limit of quantitation (LOQ) for the method. The range of lin-
earity was determined using multiple concentrations ranging
from 0.1 ppm to 10,000 ppm and a calibration curve con-
structed (data not shown). Above a pentobarbital concentration
of 100 ppm, deviation from linearity was observed. Using con-
centrations ranging from 1 ppm to 100 ppm, a linear regression
of the data resulted in a correlation coefficient of 0.9951
between peak area of pentobarbital and concentration of pento-
barbital. The limit of detection was determined by injecting
increasingly dilute solutions of pentobarbital until the signal to
noise (S/N) was less than 3. This occurred at 0.1 ppm. This is
consistent with previously reported detection limits for pento-
barbital of 0.1 ppm by gas chromatography-mass spectrometry
coupled to a limit of quantitation, signal-to-noise ratio of at
least 7, and range of linearity, of 0.5–100 ppm.[19]

A number of methods have been developed to measure pen-
tobarbital concentrations in different types of matrices. Most of
these methods involve the analysis of pentobarbital levels in

various tissues and biological samples.[20–22] A second group of
analyses involves the determination of pentobarbital levels in pet
food.[23–25] Finally, a limited number of studies have determined
the levels of pharmaceuticals in soils or other materials.[26,27]

Because of the low pentobarbital concentration, these meth-
ods often involve an extraction and concentration step prior to
chromatography. The most widely used methods of detecting
pentobarbital and other veterinary pharmaceuticals are gas
chromatography/mass spectrometry and liquid chromatogra-
phy/mass spectrometry after extraction and concentration
using a solid phase cartridge.

The recovery of pentobarbital from various types of soils was
measured to determine the suitability of the method. Five dif-
ferent soil types (5 g) were spiked with 0.001 mg pentobarbital
resulting in a concentration of 0.2 ppm. The types of soil ana-
lyzed were Expert Gardener All Purpose Potting Soil Mix from
Lowe’s Home Improvement Center, sand, horse stall sweep-
ings, and loam obtained from the University of Tennessee
Extension site in Lewisburg, TN, and topsoil sample A
(1–10 cm) and topsoil sample B (11–20 cm) obtained from the
Department of Agriculture and Environmental Science at Ten-
nessee State University. The method described earlier was used
to extract pentobarbital from each soil type and the percent
recovery of pentobarbital determined (Table 1). The percent
recovery was defined as the percentage of pentobarbital recov-
ered from the soil as measured by mass spectrometry divided
by the amount of pentobarbital added to the soil sample. Meth-
anol was used to extract pentobarbital from the soil sample and
the pentobarbital was concentrated by solid phase extraction.
Blank soil samples in which no pentobarbital was added
showed no pentobarbital present (Fig. 2). The percent recovery
of pentobarbital varied from a low of 70% for topsoil A to a
high of 111% for topsoil B, while the remaining recoveries were
approximately 85%. The lower limit of detection was
0.0005 mg pentobarbital added to 5 g of soil corresponding to
100 ppb. This is slightly higher than the levels of pentobarbital
Adam and Reeves[23] were able to detect in dog food. Using a
combination of methanol extraction, solid-phase extraction,
and gas chromatography/mass spectrometry, they were able to
determine pentobarbital at 5–20 ppb.

To determine the effect of pentobarbital concentration on
recovery, the percent recovery was determined using potting
soil and varying the amount of pentobarbital added to the 5 g
soil sample from 0.001 mg (0.2 ppm) to 0.1 mg (20 ppm). The
average recovery for a total of 18 trials was 86.4 § 11.8%. In
general as the concentration of pentobarbital increased the per-
cent recovery increased. When the amount of pentobarbital
dropped to 0.0005 mg in 5 g soil, the percent recovery was sig-
nificantly lower at 59% compared to the other concentrations.

Figure 1. Total ion chromatogram of pentobarbital with a retention time of
3.84 min. Inset: Extracted ion chromatogram of peak at 3.84 min. The peak at m/z
of 225 is consistent with the [M-H] peak of pentobarbital with a molecular weight
of 226.

Table 1. Recovery of pentobarbital from various soil types.

Soil Recovery (%)*

Topsoil A (0–10 cm) 70 § 3.5
Topsoil B (11–20 cm) 111 § 4.0
Sand 87 § 3.0
Stall sweepings 85 § 4.5
Loam 88 § 3.8
Potting soil 86 § 3.5

�Values are the average of three trials.
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The solid phase extraction step was critical to the concentra-
tion and cleanup of the samples extracted from the soil. While
methanol was necessary to the extraction of pentobarbital, its
inclusion in the sample loaded onto the SPE cartridge pre-
vented the binding of pentobarbital. Therefore while the soil
was extracted with methanol, a step to remove the methanol by
evaporation was included. The use of the sodium acetate buffer
was also necessary to the analysis of pentobarbital. Without the
sodium acetate buffer, the recovery of pentobarbital from the
SPE cartridge was significantly lower; moreover, numerous
other compounds were present in the chromatogram resulting
in difficulty in quantifying the pentobarbital recovered.

An analysis of the decay of pentobarbital adsorbed to
three different soil types was conducted over a 17-week
period. The moisture content, organic content, and pH of
the three types of soil samples were determined (Table 2).
Potting soil had the highest pH, while topsoil and potting
soil had similar pHs of approximately 6. Potting soil had a

significantly higher moisture and organic content compared
to topsoil and sand.

Three 35 g samples of potting soil, sand, and topsoil B
(11–20 cm) were spiked with 70 mg of pentobarbital and
mixed thoroughly. The initial concentration of pentobarbital
in the soil samples was 2 ppm, a low but detectable concen-
tration of pentobarbital. Each sample was divided into seven
5 g samples, stored in 50 mL centrifuge tubes, and incu-
bated at 37�C. There was a steady decrease in the amount
of pentobarbital recovered in each soil type as time passed,

Figure 2. Chromatograms of soil samples after extraction and LC/MS analysis: chromatograms on the left are before addition of pentobarbital and those on the right are
samples during the course of the stability study. (A) Potting soil; (B) topsoil; (C) sand. The pentobarbital peak at 3.84 min has a retention time and extracted ion consistent
with pentobarbital standard. The peaks at the earlier retention times do not have an extracted ion consistent with pentobarbital.

Table 2. Properties of soils.

Soil Moisture content* n(%) pH* Organic content* (%)

Topsoil B 1.73 5.88 6.3
Sand 0.007 7.30 0.2
Potting soil 47.221 5.98 43.5

�Values are the average of two trials.
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although there are differences in the rates of degradation
between the soil types (Fig. 3). The degradation of pento-
barbital in potting soil had the fastest initial rate, followed
by degradation in topsoil B. Sand had the slowest initial
rate of degradation. However, after 28 days the amount of
pentobarbital in all three soil types was approximately equal
at 3.8 mg (0.8 ppm). Between 77 days and 119 days the
amount of pentobarbital remained relatively constant at
approximately 2.0 mg in topsoil B and sand and 1.0 mg in
potting soil corresponding to 0.4 ppm and 0.2 ppm in each
5 g soil sample. While a significant amount of pentobarbital
had undergone degradation, at 119 days measurable
amounts of pentobarbital persisted in all three types of soil.

These results are consistent with studies measuring the per-
sistence of pentobarbital in compost piles containing equine
carcasses.[28–31] While pentobarbital decreased during the time
period, it persisted in a compost pile 180 days after introduc-
tion of a euthanized horse carcass. In another study, sodium
pentobarbital was still detectable at 367 days.

The breakdown of compounds such as antibiotics in soils
is mainly due to the action of microorganisms.[32] The
mechanism of pentobarbital degradation in soil is unclear.
The breakdown of barbiturates in the tissues of animal and
human organisms has been widely studied.[33] However,
their degradation in the environment is not well studied.
One mechanism by which pentobarbital can be degraded is
through the action of the bacterium Rhodococcus erythropo-
lis. Barbiturase, an enzyme of the oxidative pyrimidine
pathway of R. erythropolis, catalyzes the conversion of bar-
bituric acid to ureidomalonic acid.[34] During a related proj-
ect four potential pentobarbital-degrading bacteria were
isolated from horse stall litter.[35] Work is continuing on
the characterization of these bacteria.

To determine if the degradation of pentobarbital was due
to bacterial action, samples of potting soil, topsoil B, and

sand were autoclaved. The soil samples were spiked with
pentobarbital as described above and the amount of pento-
barbital determined as a function of time (Fig. 4). In auto-
claved sand and topsoil B, degradation of pentobarbital was
not observed. Over a three-week period, the average recov-
ery of pentobarbital from sand was 104.3 § 3.9%, while it
was 104.5 § 2.8% from topsoil B. In contrast there was sig-
nificant degradation of pentobarbital added to autoclaved
potting soil.

At the end of the first week, the amount of pentobarbital
recovered was 93.2%, at the end of the second week the
percent recovery was 72.6%, and at the end of the third
week the pentobarbital recovery was 45.1%. This was com-
parable to the recovery of pentobarbital from potting soil
that was not autoclaved. The results indicate that several
mechanisms may be at work in the degradation of pento-
barbital. The most important mechanism in topsoil and
sand appears to be bacterial. In potting soil, in addition to
bacterial degradation there appears to be another mecha-
nism. There was no significant difference in the degradation
of pentobarbital between potting soil and autoclaved potting
soil. The potting soil used in this study contained peat
moss, composted bark, pasteurized poultry litter, and an
organic wetting agent. Because of its complex nature there
appear to be substances in the potting soil that are capable
of degrading pentobarbital. Finally, potting soil contains a
wide diversity of bacterial populations, including thermo-
philic bacteria.[36] While the temperatures reached in the
autoclave would normally be sufficient to kill any bacteria
present, the heterogenous nature of the potting soil may
have resulted in uneven heating of sections of the sample.
Within these sections, thermophilic bacteria may have sur-
vived. Further work is being conducted to characterize the
composition of the potting soil in relation to the observed
degradation of pentobarbital.

Figure 3. Time course of recovery of pentobarbital from three soil types, sand, top-
soil B, and potting soil. The percentages are the average of two trials. Black bars,
sand; gray bars, topsoil B; diagonal lines potting soil.

Figure 4. Time course of recovery of pentobarbital from autoclaved soils, sand,
topsoil B, and potting soil. The percentages are the average of two trials. Black
bars, sand; gray bars, topsoil B, diagonal lines, potting soil.
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Conclusions

A method utilizing methanol extraction, solid phase extraction,
and liquid chromatography was developed to measure pento-
barbital in various soil types. The method was capable of
detecting pentobarbital levels down to 100 ppb in soil. The sta-
bility of pentobarbital in three types of soils was determined
over a 17 week period. Three types of soil, sand, topsoil, and
potting soil, were spiked with pentobarbital equal to a concen-
tration of 2 ppm. While there was significant degradation of
pentobarbital, even after 4 months detectable amounts of pen-
tobarbital remained. The concentration of pentobarbital in
sand and topsoil after 17 weeks was 0.4 ppm and in potting soil
it was 0.2 ppm. These results reinforce the need for the proper
disposal of euthanized animals to avoid contamination of the
environment with barbiturates.

In sand and topsoil, bacterial degradation appears to be the
chief mechanism by which pentobarbital degrades. Autoclaving
the soil before spiking with pentobarbital resulted in no degra-
dation of pentobarbital. However, autoclaving potting soil did
not result in a significant change in the rate of pentobarbital
degradation, indicating a different mechanism of degradation
may be at work. Further work will be necessary to elucidate the
mechanisms of pentobarbital degradation to evaluate the risk
associated with the pentobarbital introduced into the environ-
ment through euthanized animals.

Funding

This work was supported by a Middle Tennessee State University Clean
Energy Grant [project #9.007.S15].

References

[1] Boxall, A. B. A.; Kolpin, D. W.; Halling-Sørensen, B.; Tolls, J. Are
veterinary medicines causing environmental risks? Environ. Sci.
Technol. 2003, 37, 286A–294A. doi:10.1021/es032519b.

[2] Martin, D. F.; Ward, D. R.; Martin, B. B. Agricultural pharmaceuti-
cals in the environment: A need for inventiveness. Technol. Innov.
2010, 12, 129–141. doi:10.3727/194982410X12858510212287.

[3] Boxall, A. B. A. Fate and transport of veterinary medicines in the soil
environment. In Fate of Pharmaceuticals in the Environment and in
Water Treatment Systems; Aga, Diana S., Ed.; CRC Press: Boca
Raton, FL, 2008; 123–137.

[4] American Veterinary Medical Association (AVMA). AVMA Guide-
lines for the Euthanasia of Animals: 2013 Edition. Available at
https://www.avma.org/KB/Policies/Documents/euthanasia.pdf
(accessed April 2017).

[5] Cravey, R. H.; Reed, D.; Sedgwick, P. R.; Turner, J. E. Toxicologic
data from documented drug-induced or drug-related fatal cases.
Clin. Toxicol. 1977, 10, 327–339. doi:10.3109/15563657708992427.

[6] Euthasol Euthanasia Solution. 2003. Drugs.com Available at https://
www.drugs.com/animaluse/euthasoleuthanasiasolution.htm (accessed
Mar 2017).

[7] Bonhotal, J.; Schwarz, M.; Williams, C.; Swinker, A. Horse Mortality:
Carcass Disposal Alternatives. Cornell Waste Management Institute.
Department of Crop and Soil Sciences, Ithaca, NY, 2012. Available at
http://cwmi.css.cornell.edu (accessed April 2017).

[8] O’Conner, J. J.; Stowe, C. M.; Robinson, R. R. Fate of sodium pento-
barbital in rendered products. Am. J. Vet. Res. 1985, 46, 1721–1724.

[9] Food and Drug Administration/Center for Veterinary Medicine
Report on the Risk from Pentobarbital in Dog Food Center for Vet-
erinary Medicine FOIA Electronic Reading Room. 2002. The
URL is https://www.fda.gov/AboutFDA/CentersOffices/Officeof

Foods/CVM/CVMFOIAElectronicReadingRoom/ucm129131.htm
(accessed April 2015).

[10] Food and Drug Administration Animal & Veterinary Safety & Health
Recalls & Withdrawals. Evanger’s Pet Food and Against the Grain Vol-
untarily Recalls Additional Products Out of Abundance of Caution Due
to Potential Adulteration with Pentobarbital. Available at https://www.
fda.gov/Safety/Recalls/ucm544972.htm 2017 (accessed April 2017).

[11] Krueger, B.; Krueger, B. A. U.S. Fish and Wildlife Fact Sheet: Second-
ary pentobarbital poisoning of wildlife. 2002. Available at http://
cpharm.vetmed.vt.edu/USFWS/USFWSFPentobarbFactSheet.pdf
(accessed March 2017).

[12] Kaiser, A. M.; McFarland, W.; Siemion R. S.; Raisbeck, M. F. Second-
ary pentobarbital poisoning in two dogs: A cautionary tale. J. Vet.
Diagn. Invest. 2010, 22, 632–634. doi:10.1177/104063871002200423.

[13] Bischoff, K.; Jaeger, R.; Ebel, J. G. An unusual case of relay pentobar-
bital toxicosis in a dog. J. Med. Toxicol. 2011, 7, 236–239.
doi:10.1007/s13181-011-0160-8.

[14] Levine, B. S.; Blanke, R. V.; Valentour, J. C. Postmortem stability of
barbiturates in blood and tissues. J. Forensic Sci. 1984, 29, 131–138.
doi:10.1520/JFS11643J.

[15] Wyman, J. F.; Dean, D. E.; Yinger, R.; Simmons, A.; Brobst, D.; Bis-
sell, M.; Silveira, F.; Kelly, N.; Shott, R.; Ohr, J.; Howard, R.; Lewis, B.
The temporal fate of drugs in decomposing porcine tissue. J. Forensic
Sci. 2011, 56, 694–699. doi:10.1111/j.1556-4029.2011.01725.x.

[16] Food and Drug Administration Center for Veterinary Medicine.
Environmental warning added to animal euthanasia products. FDA
Veterinarian Newsletter. 2003, September/October, 18 (5).

[17] Eckel, B. P.; Ross, B.; Esensee, R. K. Pentobarbital found in ground-
water. Groundwater. 1993, 31, 801–804. doi:10.1111/j.1745-
6584.1993.tb00853.x.

[18] Holm V. J.; R€ugger, K.; Bjerg, P. L.; Christensen, T. H. Occurrence
and distribution of pharmaceutical organic compounds in the
groundwater downgradient of a landfill (Grindsted, Denmark). Envi-
ron. Sci. Technol. 1995, 29, 1415–1420. doi:10.1021/es00005a039.

[19] Namera, A.; Yashiki, M.; Iwasaki, Y.; Ohtani, M.; Kojima, T. Auto-
mated procedure for determination of barbiturates in serum using
the combined system of PrepStation and gas chromatography-mass
spectrometry. J. Chromatogr. B. 1998, 716, 171–176. doi:10.1016/
S0378-4347(98)00265-5.

[20] Spell, J. C.; Srinivasan, K.; Stewart, J. T.; Bartlett, M. G. Supercritical
fluid extraction and negative ion electrospray liquid chromatography
tandem mass spectrometry analysis of phenobarbital, butalbital, pen-
tobarbital and thiopental in human serum. Rapid Commun. Mass
Spectrom. 1998, 12, 890–894.

[21] Hori, Y.; Fujisawa, M.; Shimada, K.; Hirose, Y.; Yoshioka, T. Method
for screening and quantitative determination of serum levels of sali-
cylic acid, acetaminophen, theophylline, phenobarbital, bromvalery-
lurea, pentobarbital, and amobarbital using liquid chromatography/
electrospray mass spectrometry. Biol. Pharm. Bull. 2006, 29, 7–13.
doi:10.1248/bpb.29.7.

[22] Wang, M.; Guo, B.; Huang, Z.; Duan, J.; Chen, Z.; Chen, B.; Yao, S.
Improved compatibility of liquid chromatography with electrospray
tandem mass spectrometry for tracing occurrence of barbital homol-
ogous residues in animal tissues. J. Chromatogr. A. 2010, 1217,
2821–2831. doi:10.1016/j.chroma.2010.02.042.

[23] Adam, L.; Reeves, V. Procedure for detecting and confirming pento-
barbital residues in dog food by gas chromatography/mass spectrom-
etry. J. AOAC Int. 1998, 81, 359–367.

[24] Heller, D. N. Liquid chromatography/mass spectrometry for timely
response in regulatory analyses: Identification of pentobarbital in
dog food. Anal. Chem. 2000, 72, 2711–2716. doi:10.1021/ac9913053.

[25] Heller, D. N.; Lewis, K. M.; Cui, W. Method for determination of
pentobarbital in dry dog food by gas chromatography/mass spec-
trometry. J. Agric. Food Chem. 2001, 49, 4597–4602. doi:10.1021/
jf0106188.

[26] Vazquez-Roig, P.; Segarra, R.; Blasco, C.; Andreu, V.; Pic�o, Y. Deter-
mination of pharmaceuticals in soils and sediments by pressurized
liquid extraction and liquid chromatography tandem mass spectrom-
etry. J. Chromatogr. A. 2010, 1217, 2471–2483. doi:10.1016/j.
chroma.2009.11.033.

212 C. BAGSBY ET AL.

Exhibit 8

Case 3:17-cv-05469-BHS   Document 145-8   Filed 04/26/21   Page 8 of 9

https://doi.org/10.1021/es032519b
https://doi.org/10.3727/194982410X12858510212287
https://www.avma.org/KB/Policies/Documents/euthanasia.pdf
https://doi.org/10.3109/15563657708992427
https://www.drugs.com/animaluse/euthasoleuthanasiasolution.htm
https://www.drugs.com/animaluse/euthasoleuthanasiasolution.htm
http://cwmi.css.cornell.edu
https://www.fda.gov/AboutFDA/CentersOffices/OfficeofFoods/CVM/CVMFOIAElectronicReadingRoom/ucm129131.htm
https://www.fda.gov/AboutFDA/CentersOffices/OfficeofFoods/CVM/CVMFOIAElectronicReadingRoom/ucm129131.htm
https://www.fda.gov/Safety/Recalls/ucm544972.htm
https://www.fda.gov/Safety/Recalls/ucm544972.htm
http://cpharm.vetmed.vt.edu/USFWS/USFWSFPentobarbFactSheet.pdf
http://cpharm.vetmed.vt.edu/USFWS/USFWSFPentobarbFactSheet.pdf
https://doi.org/10.1177/104063871002200423
https://doi.org/10.1007/s13181-011-0160-8
https://doi.org/10.1520/JFS11643J
https://doi.org/10.1111/j.1556-4029.2011.01725.x
https://doi.org/10.1111/j.1745-6584.1993.tb00853.x
https://doi.org/10.1111/j.1745-6584.1993.tb00853.x
https://doi.org/10.1021/es00005a039
https://doi.org/10.1016/S0378-4347(98)00265-5
https://doi.org/10.1016/S0378-4347(98)00265-5
https://doi.org/10.1248/bpb.29.7
https://doi.org/10.1016/j.chroma.2010.02.042
https://doi.org/10.1021/ac9913053
https://doi.org/10.1021/jf0106188
https://doi.org/10.1021/jf0106188
https://doi.org/10.1016/j.chroma.2009.11.033
https://doi.org/10.1016/j.chroma.2009.11.033


[27] Furtula, V.; Huang, L.; Chambers, P. A. Determination of veteri-
nary pharmaceuticals in poultry litter and soil by methanol
extraction and liquid chromatography-tandem mass spectrome-
try. J. Environ. Sci. Health, Part B. 2009, 44, 717–723.
doi:10.1080/03601230903163863.

[28] Cottle, L. M.; Baker, L. A.; Pipkin, J. L.; Parker, D. Sodium pentobar-
bital residues in compost piles containing carcasses of euthanized
equine. J. Equine Vet. Sci. 2009, 29, 415–416. doi:10.1016/j.
jevs.2009.04.113.

[29] Payne, J.; Farris, R.; Parker, G.; Bonhotal, J.; Schwarz, M. Quanti-
fication of sodium pentobarbital residues from equine mortality
compost piles. J. Anim. Sci. 2015, 93, 1824–1829. doi:10.2527/
jas.2014-8193.

[30] Schwarz, M.; Bonhotal, J.; Bischoff, K.; Ebel, J. G. Jr. Fate of barbitu-
rates and non-steroidal anti-inflammatory drugs during carcass com-
posting. Trends Anim. Vet. Sci. 2013, 4, 1–12.

[31] Wolfgang, D. R.; Daljit, V.; Murphy, L. Degradation of pentobarbital
sodium in tissue samples within a static compost pile. In 3rd Interna-
tional Symposium: Management of Animal Carcasses, Tissue and

Related Byproducts; University of Maine-Extension: Davis, CA, 2009,
https://ecommons.cornell.edu/handle/1813/48149.

[32] Thiele-Bruhn, S. Pharmaceutical antibiotic compounds in soils-a review.
J. Plant Nutr. Soil Sci. 2003, 166, 145–167. doi:10.1002/jpln.200390023.

[33] Freudenthal, R. I.; Carroll F. I. Metabolism of certain commonly used
barbiturates. Drug Metab. Rev. 1973, 2, 265–278. doi:10.3109/
03602537409030012.

[34] Soong, C.; Ogawa, J.; Sakuradani, E.; Shimizu, S. Barbiturase, a novel
zinc-containing amidohydrolase involved in oxidative pyrimidine
metabolism. J. Biol. Chem. 2002, 277, 7051–7058. doi:10.1074/jbc.
M110784200.

[35] Berryman, H. E.; Haffner, J. C.; Chong, N. S., Farone, A. L.; Farone,
M. B.; Newsome, A. L. Aerobic Decomposition-Alternate Method for
Managing Large Scale Animal Fatalities; SERRI Report 09-81200-01;
Oak Ridge National Laboratory: Oak Ridge, TN, 2011.

[36] Chandna, P.; Nain, L.; Singh, S.; Kuhad, R. C. Assessment of bacterial
diversity during composting of agricultural byproducts. BMC Micro-
biol. 2013, 13, 99. doi:10.1186/1471-2180-13-99. http://www.biomed
central.com/1471-2180/13/99.

JOURNAL OF ENVIRONMENTAL SCIENCE AND HEALTH, PART B 213

Exhibit 8

Case 3:17-cv-05469-BHS   Document 145-8   Filed 04/26/21   Page 9 of 9

https://doi.org/10.1080/03601230903163863
https://doi.org/10.1016/j.jevs.2009.04.113
https://doi.org/10.1016/j.jevs.2009.04.113
https://doi.org/10.2527/jas.2014-8193
https://doi.org/10.2527/jas.2014-8193
https://ecommons.cornell.edu/handle/1813/48149
https://doi.org/10.1002/jpln.200390023
https://doi.org/10.3109/03602537409030012
https://doi.org/10.3109/03602537409030012
https://doi.org/10.1074/jbc.M110784200
https://doi.org/10.1074/jbc.M110784200
http://www.biomedcentral.com/1471-2180/13/99
http://www.biomedcentral.com/1471-2180/13/99

	Abstract
	Introduction
	Materials and methods
	Standards
	Characterization of soil samples
	Extraction of pentobarbital from soil
	Liquid chromatography/mass spectrometry (LC/MS)
	Calibration curve
	Stability studies
	Bacterial degradation of pentobarbital

	Results and discussion
	Conclusions
	Funding
	References



