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Potential water quality impacts originating from land burial of cattle carcasses
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• We investigated water quality impacts of buried cattle carcass leachate.
• Cattle carcass burial produced leachate containing a variety of organic and inorganic contaminants, including nutrients.
• Steroids and pharmaceuticals were also detected in the leachate at high concentrations relative to other wastewaters.
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Among the conventional disposal methods for livestock mortalities, on-farm burial is a preferred method, but
the potential water quality impacts of animal carcass burial are not well understood. Typically, on-farm burial
pits are constructed without liners and any leachate produced may infiltrate into soil and groundwater. To
date, no information is available on temporal trends for contaminants in leachate produced from livestock
mortality pits. In our study, we examined the concentrations of conventional contaminants including electri-
cal conductivity, COD, TOC, TKN, TP, and solids, as well as veterinary antimicrobials and steroid hormones in
leachate over a period of 20 months. Most of the contaminants were detected in leachate after 50 days of de-
composition, reaching a peak concentration at approximately 200 days and declined to baseline levels by
400 days. The estrogen 17β-estradiol and a veterinary antimicrobial, monensin, were observed at maximum
concentrations of 20,069 ng/L and 11,980 ng/L, respectively. Estimated mass loading of total steroid hormone
and veterinary pharmaceuticals were determined to be 1.84 and 1.01 μg/kg of buried cattle carcass materials,
respectively. These data indicate that leachate from carcass burial sites represents a potential source of
nutrients, organics, and residues of biologically active micro-contaminants to soil and groundwater.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

1.1. Cattle and calf production

Production of cattle and calves in the United States is approxi-
mately 100 million head per year over the past 60 years (USDA/
NASS Homepage, 2012) with a reported retail equivalent value of
79 billion dollars in 2011 (USDA/NASS, 2011; USDA/ERS Homepage,
2012). The United States Department of Agriculture reports that since
the late 1980s, over 2.2 million mortalities occur in cattle and calf
production facilities each year on average (USDA/NASS Homepage,
2012). A 5-year retrospective cohort study (Loneragan et al., 2001)
investigated 121 cattle feedlots in the United States and found an ap-
proximate annual routine mortality rate of 1.3%, suggesting that over
1 million cattle routine mortalities require disposal each year.

1.2. Animal carcass disposal methods

Conventional disposal for deceased livestock includes burial,
composting, rendering, and incineration. Burial and composting are
attractive disposal options for cattle mortalities due to the costs and
regulatory restrictions on rendering and incineration of cattle car-
casses (Code of federal regulations, 2010). On-farm burial is a method
preferred by animal producers due to the limited infrastructure re-
quirements and minimal disposal costs (Gwyther et al., 2011).

1.3. Impacts of carcass burial on groundwater

Few studies have documented the impacts of carcass burial on
groundwater quality. To date, investigations of groundwater quality
impacts due to animal carcass disposal have focused largely on poul-
try carcass disposal and have investigated only a limited number of
routinely-measured contaminants, including nutrients, chloride and
fecal pathogens. Increased concentrations of ammonia, nitrate, chlo-
ride, and fecal pathogens in groundwater have been observed on
farms with poultry carcass disposal pits (Hatzell, 1995; Ritter and
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Chirnside, 1995; Myers et al., 1999). Ritter and Chirnside (1995)
found the highest concentrations of ammonia and nitrate adjacent
to poultry disposal pits in Delmarva Peninsula.Maximumconcentrations
of ammonia and nitrate detected at this location were 366 mg N/L and
77.6 mg N/L, respectively and the maximum concentration of chloride
was reported to be 209 mg/L. In contrast, Myers et al. (1999) reported
39.7 mg N/L as the highest level of nitrate detected in the monitoring
wells while almost all water samples contained ammonia-N less than
0.2 mg N/L. Moreover, only slightly increased nitrate concentrations
(i.e. increases of 2 mg N/L from the median nitrate concentration)
were found by Hatzell (1995) in west-central Suwannee County in
Florida at a location with a chicken carcass disposal pit. No obvious ef-
fects of the disposal pit leachate on other water quality characteristics
were determined. Variability in the results of nutrients observed from
these studies is partially due to variation in local soil texture, background
water quality, groundwater flow direction, and water table depth.
However, the elevated nitrate levels were all above the drinking water
standard of 10 mg N/L. Both Ritter and Chirnside (1995) and Myers
et al. (1999) detected fecal pathogens, though at low concentrations
(generally b20/100 mL for most samples), in groundwater samples
obtained near poultry disposal pits. However, other on sitewaste dispos-
al practices, such as uncovered litter stockpiles, were thought to have a
higher impact on groundwater quality than the pit itself (Hatzell, 1995;
Myers et al., 1999). In a related study (Glanville, 2000), groundwater
samples were collected and analyzed for routinely-measured contami-
nants near disposal pits containing 28,400 kg turkey mortalities and
6 swine carcasses. Elevated levels of BOD (230 mg/L), ammonia-N
(403 mg/L), TDS (1527 mg/L) and chloride (109 mg/L) were detected
in the monitoring wells installed within 1 m of one of the study sites.
These values were all significantly greater (p b 0.05) than mean back-
ground concentrations detected in the control monitoring well mea-
sured as 6 mg/L, 0.2 mg/L, 658 mg/L, and 8.6 mg/L, respectively. It also
suggested that complete decay in lightly loaded burial trenches with
well-drained soils may take two years or more.

1.4. Leachate quality from carcass burial pits

Even more limited is information on leachate water quality from
animal burial sites. To our knowledge, only two studies have reported
data describing the quality of leachate produced from animal burial.
MacArthur et al. (2002) reported average leachate concentrations of
ammonia-N (3294 mg/L), alkalinity (9400 mg/L), BOD (12,700 mg/L),
and COD (20,414 mg/L) on a burial site with food-and-mouth disease
mortalities of mixed species. In addition, a total of 4000 m3 of leachate
was generated. A field study investigating leachate quality was
conducted with poultry, bovine, and swine carcasses buried in sep-
arate pits and isolated from the surroundings with a sealed 40 mil
polyethylene liner (Pratt and Fonstad, 2009). Elevated levels of
ammonium-N (12,600 mg/L), alkalinity (46,000 mg/L as bicarbonate),
chloride (2600 mg/L), sulfate (3600 mg/L), potassium (2300 mg/L), so-
dium (1800 mg/L), and phosphorus (1500 mg/L), and relatively lesser
amount of iron, calcium, andmagnesiumwere present in leachate sam-
ples. These data provide important information on the potential for
groundwater contamination from animal disposal pit leachate since
most of the on-farm mortality pits in the U.S. are unlined. No previous
studies have examined the characteristics of naturally produced leach-
ate from animal burial pits.

1.5. Presence of steroid hormones and veterinary pharmaceuticals in
wastes from animal production environments

Animals in the United States routinely receive steroid hormone
and antibiotic supplements as growth promotants and to prevent
disease. Currently, no information is available on the potential for
release of these compounds in leachate from animal carcass burial
sites. However, these compounds have been detected in wastes

from animal production facilities. In a concentrated animal feeding
operation (CAFO) with animal manure application located near
Lansing, MI, monensin and amprolium were detected frequently
ranging from 1 to 189 ng/L and 6 to 288 ng/L in surface water, and
0.004 to 0.5 μg/kg and 0.03 to 0.26 μg/kg in top soils (Song et al.,
2010). 13 pharmaceutical compounds and 4 steroid hormones were
also detected in lagoon wastewater and adjacent groundwater under-
lying selected beef cattle and swine CAFOs in Nebraska (Bartelt-Hunt
et al., 2011). Among the targeted pharmaceuticals, monensin was
detected most frequently and the maximum level was measured as
13,000 ng/L in lagoon wastewater. Detected steroid hormones in-
cluding estrone, testosterone, 4-androstenedione, and androsterone
ranged from 30 to 3600 ng/L in lagoon wastewater and 30 to
390 ng/L in groundwater. These data indicated that steroids and vet-
erinary pharmaceuticals originating from animal production wastewa-
ter can infiltrate to shallow groundwater.

1.6. Objective

To better understand the chemical composition of rainfall-produced
leachate after burial of cattle carcasses, a two-year field study was
performed by burying cattlemortalities in lined pits with a leachate col-
lection system. The objectives of this studywere to determine temporal
trends in leachate generation and contaminant concentrations in the
leachate, including both routinely-measured parameters as well as
veterinary pharmaceuticals and steroid hormones.

2. Materials and methods

2.1. Carcass burial pit description

Carcass burial pits were constructed at the University of Nebraska-
Lincoln Agricultural Research and Development Center near Mead,
Nebraska. The surface area of each disposal pit was approximately
120 m2 (12 m by 10 m) and depth of the pit was approximately
5 m. Pits were constructed with 1:1 side slope. Details of the pit di-
mensions are provided in Fig. S1. The pit was lined with a 40-mil
PVC liner. A 445 L PVC reservoir was placed beneath the liner and
was connected to a perforated HDPE pipe for leachate collection.
The leachate collection system and bottom liner were covered by
10 cm gravel and 15 cm structural sand (Fig. S1). Approximately
1400 kg (5 to 7 head) of beef cattle carcasses was placed in each of
3 replicate pits and the pits were backfilled with native soil and
compacted with a tapping machine right after the carcasses were
placed. Soil compaction was evaluated by soil density test. For each
pit, 5 to 6 soil sampling sites were selected and soils were sampled
during backfilling at one-inch increments from a depth of 4 inches
to 10 inches below the ground surface. Compaction testing was
conducted with a nuclear gauge and a confirmation test for density
was performed using a sand cone apparatus. The top of each pit was
graded at a 20:1 slope to minimize ponding on the pit surface.

2.2. Source of materials

All carcasses were obtained from an operating commercial beef cat-
tle feedlot. Animals at the feedlot received growth promotants as feed
additives containingmonensin, trenbolone acetate, and estradiol. Addi-
tionally, florfenicol, cetiofur, and enrofloxacin were used in the feedlot
hospital. Carcasses used in this project were routine mortalities from
the hospital and were younger than 30 months of age. Carcasses were
placed in the pits one or two days after death.

2.3. Site monitoring and sampling

Local temperature and precipitation data were obtained from a
weather station operated by the High Plains Regional Climate Center
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(Figs. S2 & S3). Leachate was sampled by submerging a double stage
12 V DC purge pump (Geotech Environmental Equipment Inc., Denver,
CO) in the leachate reservoir. During each sampling event, all leachate
was pumped out of the reservoir so that subsequent sampleswere char-
acteristics of newmaterial. Leachate sampling was conducted biweekly
(once every two weeks) for the first two months and monthly for the
following 18 months, for a total of 20 months of sampling starting on
May 17th, 2010 and ending on December 16th, 2011. Composite leach-
ate samples were collected and delivered on ice to the Water Science
Laboratory in (Lincoln, NE) or the Environmental Engineering Laborato-
ry at Peter Kiewit Institute (Omaha, NE). Total leachate volumes were
also determined.

2.4. Analytical methods

Temperature and dissolved oxygen (DO) of leachate were mea-
sured on site with a portable DO meter (YSI 550DO). Leachate pH
was measured in the laboratory using a pHmeter (Oakton pH 510 se-
ries) calibrated with standards at pH 4, 7, and 10 before each use.
Other parameters measured in this study include chemical oxygen
demand (COD), total organic carbon (TOC), electrical conductivity
(EC), chloride, total phosphorus (TP), total Kjeldahl nitrogen (TKN),
solids, steroid hormones, and veterinary pharmaceuticals. Chlorides
were analyzed with a chloride combination ion selective electrode
(Denver Instrument, Denver, CO). For COD analysis, leachate samples
were digested in pre-prepared COD digestion tubes (Hach Company,
Loveland, CO) and then heated to 150 °C for 2 h followed by colori-
metric determination at 620 nm. TP and TKN were measured with
EPA method 365.1 and 351.2 (colorimetric) on an AQ2 autoanalyzer
(Seal Analytical, Mequon, WI). TOC was analyzed by wet oxidation
(Standard Method 5310D) on an OI analytical Model 1010 TOC Ana-
lyzer. Solids were analyzed following standard methods (Standard
Method 2540).

Seventeen veterinary pharmaceuticals including monensin,
ractopamine, tylosin, sulfonamides and tetracyclines were analyzed
by either on-line or off-line solid phase extraction (SPE) followed by
liquid chromatography tandem mass spectrometry on a Waters
Quattro Micro triple quadrupole mass spectrometer(LC–MS/MS)
with electrospray ionization (Snow et al., 2003; Zhu et al., 2001).
Twenty steroid hormones including 17α-estradiol, androsterone, es-
triol, estrone, and testosterone were analyzed using either on-line or
off-line SPE followed by atmospheric pressure photoionization
(APPI) LC–MS/MS. Details of the on-line SPE LC–MS/MS method for
steroid hormones are provided elsewhere (Snow et al., 2013a). A list
of all steroid hormones and veterinary pharmaceuticals included in
these methods is given in Table S1.

For on-line extraction and analysis of veterinary pharmaceuticals,
30 mL of water sample was syringe-filtered (Whatman glass fiber
GDX, 25 mm, 0.45 μm pore size), weighed directly into a 40-mL
vial, spiked with internal standards and surrogates, and thoroughly
mixed with 20 mL reagent water and 500 μL 2.4 M citric acid. Calibra-
tion standards were prepared by fortifying 2.4 M citric acid with
analytes (10 to 1000 ng/L) and treated in an identical manner as
samples. During analysis each solution was extracted with a Spark
Holland Symbiosis on-line solid extraction system using a Waters
(1 × 2 mm) HLB solid-phase extraction cartridge and then eluted
with mobile phase for subsequent separation and detection.

As the project progressed, the total solids, nutrient and organic
concentrations in leachate sample increased substantially leading to
analytical problems and matrix issues. Because of the changing com-
plexity of the matrix, off-line extraction using 200 mg HLB cartridges
(Waters Oasis, Milford, MA) was followed during the last half of the
monitoring study. Off-line extraction permitted additional extract
cleanup for steroid hormones which would not be possible with
on-line SPE. A measured volume of sample (50 mL) was spiked with
surrogate and passed through glass fiber filters (25 mm Whatman

GF/F, 0.7 μm) and SPE cartridges under vacuum. The cartridges were
then washed with 10 mL of 10% methanol in water, followed by elu-
tion with 0.1% formic acid in methanol. Pharmaceutical extracts were
concentrated and analyzed as described below.

Extraction of samples for steroid hormones followed a similar proto-
col as the veterinary pharmaceuticals with elution by 10 mL of metha-
nol, followed by complete evaporation and cleanup using Florisil™.
Evaporated extracts were dissolved in 50:50 dichloromethane:hexane,
dried using anhydrous sodium sulfate, and purified using normal
phase chromatography on Florisil™ SPE cartridges (Waters 3 cc Vac
Cartridge, 500 mg Sorbent per Cartridge, 50–200 μm particle size). In-
ternal standards were added after elution with 3 × 3 mL of 50:50
dichloromethane:methanol. Purified extracts were evaporated to dry-
ness and redissolved in 400 μL methanol:water followed by analyses
using APPI LC–MS/MS as described for solid extracts (Snow et al., 2013).

Pharmaceutical compounds were quantified using electrospray ion-
ization and selected reactionmonitoring (Table S2). A ThermoHyPurity
C18 5 μm 2 × 250 mm column provided separation with a mobile
phase comprised of 97:3 water/methanol and 3:97 methanol/water
each containing 0.1% (v/v) formic acid. LC/MS/MS conditions and tran-
sitions were determined and optimized by infusing with concentrated
standards. A capillary voltage of 4.0 kV, an extractor of 3 V and an RF
lens of 0.1 V were used. The source temperature was 120 °C and the
desolvation temperature was 500 °C. The nebulizer flow rate was
700 L/h in the desolvator and 30 L/h in the cone.

2.5. Pit excavation

Disposal pits were excavated at 31 months of decomposition to
examine the residues. Samples were sent to Midwest Laboratories
(Omaha, NE) for component composition analysis by AOAC (Association
of Official Analytical Chemists) official methods 991.36 and LECO 2000
as described previously (Yuan et al., 2012).

3. Results and discussion

3.1. Weather monitoring

During the 20 month sampling period, a total of 1.4 m (55 in.) of
precipitation (including the equivalent snow melt) was observed
(Table S3 & Fig. S2). The maximum and minimum air temperatures
were 38 °C and −24 °C, respectively. At a depth of around 10 cm
(4 in.), maximum and minimum soil temperatures were 32 °C and
−1 °C (Fig. S3). Over the 20 month study period, the temperature
of the leachate immediately after collection ranged from 11 °C to
16 °C (data not shown).

3.2. Leachate production

Substantial leachate production was not observed until after
370 days of decomposition (Fig. S4). Prior to this time, less than
300 L of leachate was collected from each pit. The trend of leachate
production was similar between replicate pits, with the majority of
leachate production occurring between 370 and 540 d. Themaximum
leachate volume collected during a single sampling event was 2230 L
of leachate. The total volume of leachate produced in each of the three
pits was 3843 L, 7763 L, and 7759 L, respectively (Table S3). The final
compacted density of the soil ranged between 1585 and 1618 kg/m3

between the three pits. A possible explanation for the differences in
leachate production between the pits may be due to the site topogra-
phy. Pit 1 was at the highest elevation with pits 2 and 3 located down
slope, whichmay have resulted in increased runoff over the surface of
pits 2 and 3.
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3.3. pH and dissolved oxygen in the leachate

The measured pH of leachate was initially acidic (Fig. 1, panel A)
with pH b 6 in the first two weeks after burial. This may be attributed
to the accumulation of acidic end products of sugar fermentation and
the inactive microbiological acid-consuming activity of acetogenic and
methanogenic bacteria (Barlaz et al., 1989). Increasing pHwas observed

until 120 days of decomposition when the pH remained neutral
(pH ~6.8). The observed leachate pH changes in this study investigating
anaerobic decomposition of cattle carcasses are consistent with those
previously reported in laboratory scale studies of municipal refuse deg-
radation and a previous laboratory scale study of cattle carcass decom-
position conducted by the authors (Barlaz et al., 1989; Eleazer et al.,
1997; Yuan et al., 2012). The dissolved oxygen concentration of the

Fig. 1. Trends of conventional contaminants in the cattle carcass leachate during land burial decomposition. (A) pH; (B) dissolved oxygen; (C) electrical conductivity; (D) chlorides;
(E) chemical oxygen demand; (F) total organic carbon; (G) total Kjeldahl nitrogen; (H) total phosphorus; and (I) total solids.
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leachate decreased from 7.5 mg/L initially to less than 1 mg/L within
the first two weeks of decomposition (Fig. 1, panel B). DO levels in the
leachate remained less than 3 mg/L for the duration of the study.

3.4. Conventional contaminants in the leachate

A lag time of approximately two months was observed for the oc-
currence of most of the targeted contaminants in the leachate (Figs. 1
and 2). The time required to establish microorganism populations
and time required for infiltration of rainfall through soil are likely to
be responsible for the delay observed for initiation of carcass decom-
position. Compared to the contaminant abundance detected in the
first two months, higher levels of conventional water quality param-
eters and contaminants were detected in leachate (Fig. 1, panels C
through I) during the latter part of the study. The maximum electrical
conductivity observed in the leachate was 63,760 μs/cm, 43,960 μs/cm,
and 16,460 μs/cm in pits 1, 2 and 3, respectively (Fig. 1, panel C). Two
peaks in chloride concentration were observed, with the first peak oc-
curring around day 200 and the second peak occurring around day
400 (Fig. 1, panel D). The maximum observed value of chloride was
2614 mg/L (Table 1 & Fig. 1D). Most other contaminants such as COD,
TOC, TKN, and solids displayed similar trends to electrical conductivity.
The highest concentrations of these parameters were measured in
pit 1 and found to be 95,333 mg/L for COD; 27,158 mg/L for TOC;
14,640 mg/L for TKN; and 29,060 mg/L for total solids (Table 1 &
Fig. 1). The majority of solids measured in the leachate were volatile
solids (Fig. S5). The occurrence of most conventional contaminants in

leachate was detected between 50 and 400 days after the initiation of
experiments (Fig. 1). Themaximum andminimum values of all conven-
tional contaminants detected from each replicate disposal pit are
summarized in Table 1. Peak concentrations for these constituents oc-
curred at different times, varying from 70 to 400 days of decomposition
with most of the peak values observed between 100 and 200 days. The
only parameter which did not increase by several orders of magnitude
was total phosphorus (Fig. 1H). The maximum concentration of TP ob-
served in the leachate was 3 mg P/L.

The growth of microorganisms and infiltration of rainfall likely
varied between pits and among different locations in the same pit
during the study period, resulting in varied leachate characteristics
(Robinson and Luo, 1991). The maximum contaminant concentra-
tions measured in this study were consistent with related results
reported by Pratt and Fonstad (2009) who investigated the quality
of pure leachate after two years of decomposition of swine, bovine,
and poultry carcasses. Values reported in Pratt study were constant be-
cause leachate was retained in the sealed decomposition vessel over
the study period. The maximum chloride concentration reported here
(2614 mg/L) is comparable to that reported in Pratt study (2600 mg/L).
The highest TKN concentrations measured in this study (14,640 mg/L)
compared well with ammonium nitrogen concentrations measured in
leachate from in-vessel decomposition of bovine (17,300 mg/L), swine
(16,900 mg/L), and poultry (18,200 mg/L). The TKN concentrations
reported here are approximately five times larger than the average con-
centration of ammonium-N (3294 mg/L) (MacArthur et al., 2002)
reported in the natural leachate from a foot and mouth (FMD) mass

Fig. 2. Total steroid hormones and veterinary pharmaceuticals detected in cattle carcass leachate during land burial.

Table 1
Conventional water quality parameters in leachate.

Parameter Pit 1 Pit 2 Pit 3

Maximum Minimum Peak daya Maximum Minimum Peak daya Maximum Minimum Peak daya

ECb (μs/cm) 63,760 558 245 43,960 645 137 16,460 793 135
Cl− (mg/L) 2614 6 140 2214 7 137 2274 1 370
CODc (mg/L) 95,333 585 245 56,083 312 137 24,717 268 135
TOCd (mg/L) 27,158 104 245 20,788 56 137 13,985 16 99
TKNe (mg/L) 14,640 2 209 3440 3 101 1363 2 135
TPf (mg P/L) 0.84 ND 171 3.06 0.03 71 0.90 ND 406
TSg (mg/L) 29,060 1467 319 24,150 720 168 16,705 615 135
TVSh (mg/L) 19,400 733 319 14,395 280 168 9695 190 135
TSSi (mg/L) 1240 87 74 1500 144 71 630 88 99

a Days of decomposition at which maximum value was detected.
b EC: electrical conductivity.
c COD: chemical oxygen demand.
d TOC: total organic carbon.
e TKN: total Kjeldahl nitrogen.
f TP: total phosphorus.
g TS: total solids.
h TVS: total volatile solids.
i TSS: total suspended solids.
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burial site in the United Kingdom.We also observed higher peak concen-
trations of COD in this study (95,333 mg/L) compared with an averaged
COD concentration of 20,414 mg/L observed in the natural leachate from
FMDdisposal sites (MacArthur et al., 2002). Similarity between this study
and MacArthur's was that both of them used mono-disposal system and
the mortalities were open to surrounding environment. However, the
FMD disposal site contained in excess of 400,000 carcasses with the ma-
jority species being sheep. Ranges of electrical conductivity (EC: 585 to
63,760 μs/cm), COD (585 to 95,333), TKN (2 to 14,640 mg N/L), and TS
(1467 to 29,060 mg/L) concentrations reported in the current study
compare favorably with a field study investigating freshly produced
leachate from an operating municipal solid waste landfill (EC: 23,000 to
35,500 μs/cm; COD: 44,000 to 115,000 mg/L; TKN: 2023 to 10,558; TS:
32,100 to 77,000 mg/L) in Greece in which daily waste deposits
contained nearly 50% food wastes (Tatsi and Zouboulis, 2002).

Although TP levels increase during decomposition, the maximum
concentration measured in this study was substantially lower than
that reported in other studies. Concentrations of total phosphorus
detected in previous study of carcass decomposition remained at ap-
proximate 1200 mg/L (Pratt and Fonstad, 2009) for the pure leachate.
In the Greece municipal solid waste landfill, level of total phosphorus
ranged from 1.6 to 655 mg/L in the leachate collected next to the de-
position area (Tatsi and Zouboulis, 2002). However, the range of TP
concentration shifted to 1.27 to 19.9 mg/L in the old leachate which
stayed at the lowest part of the landfill for several months, subjected
to natural attenuation/stabilization but not oxygenation (Tatsi and
Zouboulis, 2002), which is close to the level of TP detected in this
study. Because the carcasses were surrounded by soil in the present
study, soil adsorption is likely one reason for the lower concentra-
tions of phosphorus detected in leachate.

3.5. Steroid hormones and veterinary pharmaceuticals in the leachate

The presence of steroid hormones and veterinary pharmaceuticals
in leachate from cattle carcasses was evaluated in this study. In the
cattle industry, veterinary antibiotics and steroid hormone implants
are widely used for disease prevention and growth promotion. In ad-
dition, steroid hormones are naturally produced in animals to regu-
late reproductive and other functions and continuously excreted
into the environment (Shore and Shemesh, 2003). Of the 20 steroid
hormones and 17 veterinary pharmaceuticals (Table S1) evaluated,
the natural steroid hormones 17β-estradiol, estrone, and testoster-
one, and one veterinary pharmaceutical (monensin) were detected
most frequently in the leachate (Table 2). Eight additional steroid

hormones and nine veterinary pharmaceuticals were sporadically
detected in leachate with concentrations presented in Table S4.

As listed in Table 2, 17β-estradiol was detected after 46 days of de-
composition at a concentration of 160 ng/L in pit 1. 17β-Estradiol was
detected on day 56 at a concentration of 203 ng/L in pit 2 and at day
99 at a concentration of 385 ng/L in pit 3. Testosterone was detected
in pit 2 at day 56 at a concentration of 223 ng/L and in pit 1 at 39 ng/L
at day 74. No leachate samples from pit 3 contained detectable levels
of testosterone. Estrone was detected after day 100 at concentrations
of 2706 ng/L (pit 1), 633 ng/L (pit 2), and 77 ng/L (pit 3), respectively.
Monensin was not detected until day 140 at concentrations of
11,980 ng/L (pit 1), 3890 ng/L (pit 2), and 191 ng/L (pit 3).

A second 17β-estradiol peak occurred at approximately 140 days and
coincided with the maximum observed concentrations of 17β-estradiol
of 20,069 ng/L, 3009 ng/L, and 1740 ng/L in each pit. No consistent
trends in estrone, testosterone or monensin concentrations were ob-
served, though higher concentrations tended to occur in samples
with higher COD, TOC, nutrients, and solid levels (Figs. 1 and 2). These
compounds were primarily detected in leachate between 100 and
320 days except testosterone which was detected from day 50 to 105.
The highest levels of monensin, estrone, and testosterone were deter-
mined to be 11,980 ng/L, 2706 ng/L, and 235 ng/L, which were all
reported in samples collected frompit 1which also produced the highest
levels of COD, TOC, nutrients and solid residues. The observation that al-
most all contaminants from pit 1 exhibited the highest concentrations
was probably correlated to the least leachate volume produced in pit 1
due to aforementioned soil compaction and site topography. Peak values
of total steroid hormones and veterinary pharmaceuticals (Fig. 2) were
21,255 ng/L and 11,980 ng/L with the highest concentrations of individ-
ual compounds being the natural estrogen 17β-estradiol and the iono-
phore monensin widely used in ruminant animal feed (Butaye et al.,
2003).

The levels of organic microcontaminants detected in the leachate in
this study are much higher than those observed in the effluent of mu-
nicipal and industrial sewage treatment plants considered to be major
sources of endocrine disrupting compounds to the aquatic environ-
ment, by up to 3 orders of magnitude (Desbrow et al., 1998; Spengler
et al., 2001; Coors et al., 2003). The occurrence of 17β-estradiol at
high concentrations relative to other waste streams characterized pre-
viously such as municipal wastewater effluents or lagoon wastewaters
is notable considering the potential for endocrine disrupting effects at
concentrations in the low ng/L range (Hanselman et al., 2003). The
occurrence of 17β-estradiol in the leachate with limited detections
of 17α-estradiol appears contradictory to previous findings that

Table 2
Steroid hormones and pharmaceuticals detected most frequently in leachate.

Pit Compound Concentration (ng/L)

1 Daya 46 59 74 104 140 171 209 245 284 319 375 411 480 574
17β-Estradiol 160 NDb ND 1501 20,069 ND 11,617 ND 9932 ND 99 30 43 258
Estrone ND ND ND 2706 1186 ND 1585 ND 2065 ND ND ND ND ND
Testosterone ND ND 39 235 ND ND ND ND ND ND ND ND ND ND
Monensin ND ND ND ND 11,980 4270 5490 ND ND ND ND ND ND ND

2 Day 43 56 71 101 137 168 206 242 281 316 372 408 477 571
17β-Estradiol ND 203 304 781 3009 569 ND 247 ND 303 ND ND 148 32
Estrone ND ND ND 633 ND 569 ND 219 ND 315 ND ND ND ND
Testosterone ND 223 13 83 ND ND ND ND ND ND ND ND ND ND
Monensin ND ND ND ND 3890 9280 710 ND ND ND ND ND ND ND

3 Day 41 54 69 99 135 166 204 240 279 314 370 406 475 569
17β-Estradiol ND NAc NA 385 1363 ND 562 135 699 95 1740 491 ND 47
Estrone ND NA NA 77 475 ND 201 ND 412 ND ND ND ND ND
Testosterone ND NA NA ND ND ND ND ND ND ND ND ND ND ND
Monensin ND NA NA ND ND 191 229 ND ND ND ND ND ND ND

a Days of decomposition at which listed compounds were detected.
b ND: not detected. Detection limits of steroids and pharmaceuticals were 2 ng/L and 20 ng/L, respectively.
c NA: not available. No samples were collected during the sampling date.
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indicate that beef cattle typically excrete larger amount of 17α-estradiol
(Hanselman et al., 2003).

3.6. Estimated total mass loading of contaminants

The estimated total mass loading for each contaminant is summa-
rized in Table 3. Total carbon as COD had the highest estimated mass
loading with an average value of 31.31 g COD per kg of buried cattle
carcass material. Average mass loading of total steroid hormones
and pharmaceuticals were estimated to be 1.84 and 1.01 μg per kg
of cattle carcass, respectively. In general, the potential groundwater
impacts from animal carcass disposal are a function of the total num-
ber of carcasses as well as local hydrogeologic and precipitation con-
ditions. In the 1967 and 2001 outbreaks of FMD in Great Britain, a
total of 433,987 (211,825 cattle) and 1,281,278 (306,053 cattle) ani-
mal carcasses required disposal (Scudamore et al., 2002). Assuming
an average cattle carcass to be 500 kg, the total mass loading of
microcontaminants to groundwater from the 2001 FMD outbreak
sources could be as high as 300 kg. Prior to this study, the potential
loading of steroid hormones or veterinary pharmaceuticals to the en-
vironment from animal carcass burial had not been quantified.

3.7. Carcass residue analysis

All pits were excavated 31 months after burial (picture S1 through
S3). Visual observation of the liner during excavation showed it to be
intact with no signs of chemical weathering. Very little carcass residue
was found after 31 months of decomposition. Samples of the remaining
carcass material were analyzed for composition with methods de-
scribed previously (Yuan et al., 2012). Relative to other dry matters,
fat was the major component left in the residues (Table 4) which was
consistentwith previous results obtained from a laboratory decomposi-
tion study of cattle rendering material (Yuan et al., 2012).

4. Conclusion

The measured concentrations of steroid hormones, veterinary an-
tibiotics as well as carbon, nutrients and dissolved solids detected in
the leachate from cattle carcass disposal pits are relatively high com-
pared with other agricultural waste sources, such as lagoon wastewa-
ter or manure. This is not surprising given that leachate can become
highly concentrated from mobilization of chemically labile com-
pounds produced during carcass decomposition. The potential for lo-
calized water quality impacts is of concern, especially as on-farm
animal carcass disposal sites are typically not lined. To date, a very
small number of studies have investigated the chemical composition
of leachate or groundwater impacted by animal carcass burial. The
potential for adverse water quality impact from on-site carcass dis-
posal practices should be considered when evaluating the occurrence
of nutrients and organic microcontaminants in groundwater.

Acknowledgments

This projectwas supported by the Nebraska Department of Environ-
mental Quality. We greatly appreciate the water chemistry and organic
microcontaminant analysis by David Cassada, Sathaporn Onanong and
Jesse Volker in the UNL Water Science Laboratory. Many thanks to
Fang Yuan, Samuel Saunders, Jodi Sangster, Meng Hu, and Andy Nelson
for their assistance with sample collection.

Appendix A. Supplementary data

Supplementary data to this article can be found online at http://
dx.doi.org/10.1016/j.scitotenv.2013.03.083.

References

Barlaz MA, Schaefer DM, Ham RK. Bacterial population development and chemical
characteristics of refuse decomposition in a simulated sanitary landfill. Appl Envi-
ron Microbiol 1989;55:55–65.

Bartelt-Hunt SL, Snow DD, Damon-Powell T, Miesbach D. Occurrence of steroid hor-
mones and antibiotics in shallow groundwater impacted by livestock waste control
facilities. J Contam Hydrol 2011;123:94-103.

Butaye P, Devriese LA, Haesebrouck F. Antimicrobial growth promoters used in animal
feed: effects of less well known antibiotics on Gram-positive bacteria. Clin Microbiol
Rev 2003;16:175–88.

Code of federal regulations. Substances prohibited from use in animal food or feed. Part
589, title 21; 2010.

Coors A, Jones PD, Giesy JP, Ratte HT. Removal of estrogenic activity from municipal
waste landfill leachate assessed with a bioassay based on reporter gene expression.
Environ Sci Technol 2003;37:3430–4.

Desbrow C, Routledge EJ, Brighty GC, Sumpter JP, Waldock M. Identification of estro-
genic chemicals in STW effluent. 1. Chemical fractionation and in vitro biological
screening. Environ Sci Technol 1998;32:1549–58.

Table 3
Estimated total mass loadinga of contaminants.

Pit Cl− (mg/kg) CODb (g/kg) TOCc (g/kg) TKNd (g/kg) TPe (mg/kg) TSf (g/kg) TSSg (g/kg) TVSh (g/kg) TSHi (μg/kg) TVPj (μg/kg)

1 14.42 21.73 6.47 1.99 1.54 10.09 0.64 5.74 1.60 0.69
2 11.17 40.63 27.06 6.49 6.78 29.86 1.65 17.52 1.38 0.91
3 7.94 31.58 15.05 3.83 2.81 33.56 1.40 19.43 2.53 1.44
Mean 11.18 31.31 16.19 4.10 3.71 24.50 1.23 14.23 1.84 1.01
Std err 1.87 5.46 5.97 1.31 1.58 7.29 0.30 4.28 0.35 0.22

a Total mass loading of each component was calculated as the sum of the leachate volume produced between two sequential sampling dates × corresponding contaminant
concentration measured during that sampling period.

b COD: chemical oxygen demand.
c TOC: total organic carbon.
d TKN: total Kjeldahl nitrogen.
e TP: total phosphorus.
f TS: total solids.
g TSS: total suspended solids.
h TVS: total volatile solids.
i TSH: total steroid hormones.
j TVP: total veterinary pharmaceuticals.

Table 4
Composition of cattle carcass residues after 31 months of
decomposition.

Component % of weight

Moisture 25.97
Dry matter 74.03
Crude protein 2.78
Acid hydrolysis fat 68.7
Ash 0.26
Carbohydrate 2.5

252 Q. Yuan et al. / Science of the Total Environment 456–457 (2013) 246–253



Author's personal copy

Eleazer WE, Odle WSI, Wang YS, Barlaz MA. Biodegradability of municipal solid waste
components in laboratory-scale landfills. Environ Sci Technol 1997;31:911–7.

Glanville T. Proceedings of the American Society of Agricultural Engineers, Mid Central
Meeting. St. Joseph, MI: ASAE; 2000.

Gwyther CL, Williams PA, Golyshin PN, Edwards-Jones G, Jones DL. The environmental
and biosecurity characteristics of livestock carcass disposal methods: a review.
Waste Manage 2011. http://dx.doi.org/10.1016/j.wasman.2010.12.005.

Hanselman TA, Graetz DA, Wilkie AC. Manure-borne estrogens as potential environ-
mental contaminants, a review. Environ Sci Technol 2003;37:5471–8.

Hatzell HH. Effects of waste-disposal practices on ground-water quality at five poultry
(broiler) farms in north-central Florida, 1992–93; 1995.

Loneragan GH, Dargatz DA, Morley PS, Smith MA. Trends in mortality ratios among
cattle in US feedlots. J Am Vet Med Assoc 2001;219:1122–7.

MacArthur AJ, Milne JC. Leachate characteristics and management requirements aris-
ing from the foot & mouth operations in Scotland. Proceedings waste 2002. Inte-
grated waste management and pollution control: research, policy, and practice;
2002. p. 305–14.

Myers LM, Bush PB, Segars WI, Radcliffe DE. Impact of poultry mortality pits on farm
groundwater quality. Proceedings of the 1999 Georgia water resources conference.
Athens, Georgia: The University of Georgia; 1999.

Pratt DL, Fonstad TA. Livestock mortalities burial leachate chemistry after two years of
decomposition. 3rd international symposium on management of animal carcasses,
tissue, and related by-products; 2009. [Davis, California].

Ritter WF, Chirnside AEM. Impact of dead bird disposal pits on ground-water quality on
the Delmarva Peninsula. Bioresour Technol 1995;53:105–11.

Robinson HD, Luo MMH. Characterization and treatment of leachates from Hong Kong
landfill sites. J Inst Water Environ Manag 1991;5:326–34.

Scudamore JM, Trevelyan GM, Tas MV, Va EM. Carcass disposal: lessons from Great
Britain following the foot and mouth disease outbreaks of 2001. Rev Sci Tech Off
Int Epiz 2002;21:775–87.

Shore LS, Shemesh M. Naturally produced steroid hormones and their release into the
environment. Pure Appl Chem 2003;75:1859–72.

Snow DD, Cassada DA, Monson SJ, Zhu J, Spalding RF. Tetracycline and macrolide anti-
biotics: trace analysis in water and wastewater using solid phase extraction and
liquid chromatography–tandemmass spectrometry. Using liquid chromatography/mass
spectrometry, (MS/MS), and time of flight MS in analysis of emerging contaminants.
In: Thurman EM, Ferrer IM, editors. Symposium Series, 850. Washington, D.C.; 2003.
p. 415.

Snow DD, Damon-Powell T, Onanong S, Cassada DA. Sensitive and simplified analysis of
natural and synthetic steroids in water and solids using on-line solid phase extrac-
tion and microwave-assisted solvent extraction coupled to liquid chromatography
tandem mass spectrometry atmospheric pressure photoionization. Anal Bioanal
Chem 2013;405:1759–71.

Snow DD, Damon-Powell T, Onanong S, Cassada DA. Sensitive and simplified analysis of
natural and synthetic steroids in water and solids using on-line solid phase extrac-
tion and microwave-assisted solvent extraction coupled to liquid chromatography
tandem mass spectrometry atmospheric pressure photoionization. Anal Bioanal
Chem in press.

Song W, Ding Y, Chiou CT, Li H. Selected veterinary pharmaceuticals in agricultural
water and soil from land application of animal manure. J Environ Qual 2010;39:
1211–7.

Spengler P, Korner W, Metzger JW. Substances with estrogenic activity in effluents of
sewage treatment plants in southwestern Germany. 1. Chemical analysis. Environ
Toxicol Chem 2001;20:2133–41.

Tatsi AA, Zouboulis AI. A field investigation of the quantity and quality of leachate from
a municipal solid waste landfill in a Mediterranean climate (Thessaloniki, Greece).
Adv Environ Res 2002;6:207–19.

U.S. Department of Agriculture/National Agricultural Statistics Service. Agricultural
statistics; 2011 [Washington].

Yuan Q, Saunder SE, Bartelt-Hunt SL. Methane and carbon dioxide production from
simulated anaerobic degradation of cattle carcasses. Waste Manage 2012;32:939–43.

Zhu J, Snow DD, Cassada DA, Monson SJ, Spalding RF. Analysis of oxytetracycline, tetracy-
cline, and chlortetracycline in water using solid-phase extraction and liquid chroma-
tography–tandem mass spectrometry. J Chromatogr 2001:177–86.

Web Reference

U.S. Department of Agriculture/National Agricultural Statistics Service Homepage.
http://www.nass.usda.gov/Data_and_Statistics/Quick_Stats_1.0/index.asp2012.
[accessed on May 15, 2012].

U.S. Department of Agriculture/Economic Research Service Homepage. http://www.
ers.usda.gov/news/BSECoverage.htm2012.

U.S. Department of Agriculture/National Agricultural Statistics Service Homepage.
http://www.nass.usda.gov/Statistics_by_Subject/index.php2012. [accessed on May 15,
2012].

253Q. Yuan et al. / Science of the Total Environment 456–457 (2013) 246–253


