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Abstract

Occurrence and fate of estrogens and their metabolites were studied in pig manure collected during
winter and summer seasons from sites housing piglets (Nursery (Nur)-manure), pregnant and nursing
sows (PS manure) and finisher pigs (FPig manure). The liquid and solid fractions of manure were
analyzed for (1) total solids (TS), volatile solids (VS) and total organic carbon (TOC), (2) E coli and
M fujisawaense enumeration, (3) total and individual estrogens and (4) estrogenic activity. This
study showed that VS and OC values, E coli and M fujisawaense enumerations, estrogen
concentrations and estrogenic activity exhibited the following pattern: Nur-manure << FPig-manure
< PS-manure. The values for summer and winter Nur-manure did not differ significantly, while the
values in summer PS-manure or FPig manure samples were significantly higher than values in
corresponding winter samples. Although, estrogens distributed between liquid and solid fractions of
manure, concentrations of free, but not conjugated, estrogens depended on manures’ TOC values: an
increase in TOC associated with an increase in free estrogen concentrations in liquid manure.
However, an increase in TOC decreased the bacterial population in manure liquid by increasing their
translocation from liquid into the in solids and ensuing bacterial stabilization. This may increase
estrogens’ deconjugation and/or degradation. Estrone (E1) sulfate (sEl), free E1 (fE1), El
glucuronide (gE1) and E1 metabolites were major steroids present in Nur- and PS-manure, while fE2
and gE2 were predominant estrogens in FPig-manure. In total, the winter estrogen load in liquid was
5.1 mg/L and the load in solid was 4.93 mg/kg. Assuming that 2.3 x 10® kg of manure is produced in
the USA per day, approximate hormone load will be 2.3 tons/day. However, manure contains
microorganisms that hydrolyze estrogens, thus actual hormone load will be considerably lower.
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1. Introduction

Land application of animal manure, especially pig manure, is an efficient alternative to
synthetic fertilizers because of its lower costs and the nutrient benefits derived by crops.
Manure can also improve soil tilth, increase water-holding capacity, and promote beneficial
organisms. However, manure has a key disadvantage, it contains large quantities of natural
estrogens excreted by the animals housed in mega animal farms called concentrated animal
feeding operations (CAFO). Therefore, estrogens present in animal-manure, either stored at
the site of generation or applied to the agricultural fields (Jobling et al. 1996), may be the
prime source of estrogens in freshwater sources (Combalbert et al., 2010; Combalbert and
Hernandez-Raquet, 2012). Environmental estrogens and other estrogenic compounds are
known as endocrine disruptors because they impair the endocrine system that has been linked
to a variety of adverse effects in humans, aquatic animals and wildlife at ng/L levels
(Hanselman et al., 2003; Jobling and Tylor, 2003; Snyder et al 2003; Harrision et. al., 1997
Colborn et. al., 1993; Jobling et al.,1996). In humans, endocrine disruptors have been shown
to increase incidences of testicular, prostate, female breast cancer, polycystic ovaries in
women and altered physical and mental development in children (Jobling and Tylor, 2003;
Harrision et. al., 1997). In wildlife species, endocrine disruption include masculinization of
females, feminization of males, altered sex ratios, intersexuality, and reduced fertility and
fecundity (Vajda et. al., 2008; Coe et. al., 2008; Jobling et. al., 2003). Earlier studies have
reported presence of estrogens and other estrogenic chemicals in rivers and lakes that may be
casually associated with an increase in intersex population in wild freshwater fish and other
aquatic organisms (Shore et. al., 1993; Massart et al., 2006; Jobling et. al. 2006). Chronic
exposure to estrogens via drinking water may also cause or contribute to adverse human
health effects (Diamanti-Kandarakis et. al., 2009). However, the potential environmental and
health impact of steroid hormones originating from swine manure operations remains to be
elucidated since information regarding estrogen levels, especially conjugated estrogens, in
various types of animal housing areas is lacking.

It is well established that estrogens in manure are present in two forms: the free estrogens that
are lipophilic and biologically active, and the conjugated estrogens (glucuronidase or sulfate
conjugated) that are hydrophilic and biologically inactive. Because of conjugated estrogens’
preserved lack of biological activity, free estrogens have been the focus of many earlier
studies (Raman et al., 2004; Combalbert and Hernandez-Raquet, 2010). In addition, manure
also contains diverse bacterial populations such as E coli, M fujisawaense, Rhodococcus
zopfii, Rhodococcus equi, Novosphingobium sp., Achromobacter xylosoxidans, Ralstonia sp.,
etc. (Blunt et. al., 2009; Zhang et al 2008, Yu et al 2007, Weber et al 2005, Yoshimoto et al
2004, Fujii et al 2002, Yu et. al., 2007; Yoshimoto et. al., 2004; Lee and Liu, 2002). Of those
listed above, E coli has been shown to deconjugate and activate conjugated estrogens, while
M fujisawaense is associated with hydrolysis and deactivation of free estrogens (Legler et al
2002, Duong et al 2011, lasur-Kruh et al 2011, Blunt et al 2009, D’ Ascenzo et al 2003). Thus,
E coli may increase, while M fujisawaense may decrease manure’s estrogenic activity. Only a
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few recent studies have looked at the fate of conjugated hormones in manure, but their results
are not comparable due to differences in manure properties and methodology used.

(i) Combalbert et al. (2012) quantified conjugated hormones by analyzing free hormones
after enzyme hydrolysis, while Kumar et al (2009) and Hutchins et al. (2007) have
employed direct analysis using HPLC-MS/MS. Recently, we have developed and
validated direct analysis of conjugated estrogens using HPLC-MS/MS and an internal
standard for each hormone and metabolite to reduce matrix-related recovery
variations (Singh et al 2013 and Supporting Information).

(i1) Manure is a complex suspension (Figure 1a) of liquid (consisting of water, urine and
dissolved organic carbon — DOC, suspended particles containing organic carbons, and
solid (soil, plant parts such as leaves, stem and flowers, animal excreta, littered food
and other organic carbons). Because of this diversity, manure solids and liquid both
contain hydrophobic, anionic and cationic sites. In general, fEs bind to the
hydrophobic sites via hydrophobic interaction or via forming hydrogen bonds, while
conjugated estrogens bind to cationic sited on soil or adsorbed proteins. Figure 1b
shows possible fate of estrogens in the two manure fractions. The solid fraction may
range from <10% to 80% wi/v in manure samples. This may add to considerable

diversity.
Therefore, the aims of the present investigation were (i) to study characterize and fate of
conjugated and free estrogens in manure samples collected from facilities holding piglets

(nursery (Nur)-manure), pregnant sows and litters (PS-manure) and finisher pigs
(FPig-manure) during summer and winter seasons and (ii) to assess possible environmental

consequences manure estrogens.
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Figure-1. Composition of and estrogen fate in manure

A) Manure composition and distribution of estrogens in it. B) Fate of conjugated and free
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estrogens in manure. Conjugated and free estrogens both distributed between the liquid and
solid fractions of manure. In manure, conjugated estrogens may get converted into free
estrogens and free estrogens are metabolized into different metabolites. The soil-bound
estrogens remain with soil molecules, while soluble estrogens are translocated to different
sites.
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2. Materials and Methods

A detailed description of experimental design is described in the supplementary section. A
brief description is provided below.

2.1. Sample Collection, Storage and Extraction (supplementary section )

Nursery-manure (n=10), PS-manure (n=10) and FPig-manure (n=36) samples were collected
from different pig farms during winter and summer seasons. Whole manure samples were
divided in four aliquots (Figure S1) for manure characterization, bacterial enumeration
(adjusted to 0.15M NaCl to prevent bacterial lysis), individual estrogen analysis, total
estrogen analysis and estrogenic activity, respectively.

2.2. Manure Characterization
2.2.1. Determination of organic carbon

The procedure described by Perrier and Kellogg (1960) was used for analysis of organic
carbon (TOC) In brief, a 0.5 g of manure solid (aliquot 1) was place in 75 ml test-tube and 10
ml of 1 N K,Cr,0O7 and 5.5 ml conc. H,SO4 were gradually added, swirling as the reagents
were added. For blank, the all reagents were added in a test-tube without manure. For
standard curve, different amounts of standard soil (known organic matter) were added into
individual tubes and the same amounts of these reagents were added. The tubes were placed
into a boiling water bath for 5 min., then cool in a water bath. The soil solution was
thoroughly mixed. One ml of each of these solutions was transferred into a labeled
100mLvolumetric flask. A 3.3 ml aliquot of 6 N H,SO, and 1.0 ml of s-diphenylcarbazide
was added to each sample. The solution was mixed thoroughly. Absorbance was measured at
540 nm. For standard curve, the known percent organic matter was plotted against
absorbance readings. Organic carbon was calculated using the standard curve.

2.2.2. Determination of Soluble Organic Carbon (SOC), Total Wet Manure Solid (TS),
\olatile Manure Solid (VS) and Total Kjeldahl Nitrogen (TKN) (aliquot-1)

The procedures described by Gratteau et al (1968) and in a University of Wisconsin Madison
Extension Publication A3769 (Peters J, 2003) were used for analysis of SOC, TMS, VMS and
TKN in manure samples.

2.2.3. Determination of E coli and M fujisawaense enumeration in manure (aliquot-2)

An analytical procedure described by Wang et. al. (2005) was used to determine the bacterial
enumeration. In brief, the non-acidified manure samples (prior to and after aerobic incubation)
were centrifuged and the liquid and solid fractions were collected. The liquid fraction was
mixed with sufficient 0.5M NaCl solution to achieve 0.15M final NaCl concentration to
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prevent bacterial lysis. 0.1 The solid fraction was suspended in 0.15M NaCl (1:10 w/v),
mixed thoroughly and then centrifuged. The clear supernatant containing bacterial
populations were collected. Both the liquid and the solid-extracts were subjected to
immuniaffinity extraction and then tested for colony formation (CFU) as described
previously (Wang et al 2005).

2.3. Analysis of total estrogens and estrogenic activity (aliquot-2)
2.3.1 Manure extraction

Manure liquid and solid samples were mixed with internal standards and extracted as
described in supplementary section 11.1.3. After extraction, each manure sample yielded the
following extracts: liquid ethyl acetate extract, liquid aqueous extract, solid aqueous extract,
ethyl acetate wash of the solid aqueous extract and solid methanol extract.

2.3.2. Enzyme Hydrolysis conjugated estrogens

All aqueous extracts were divided in two aliquots, one for determination of estrogenic
activity in non-hydrolyzed extracts and the other for determination of estrogenic activity in
hydrolyzed extracts as described in supplementary section Il1.

2.3.3. Determination of estrogenic activity

The assay described by Ramamoorthy et al. (1997) for determinations of estrogenic activity
using Saccharomyces cerevisae strain BJ3505 transformed with a yeast expression plasmid
containing the CUP1 metallothionien promoter fused to the human a-estrogen receptor cONA
and a reporter plasmid containing two estrogen response elements upstream of the structural
gene for b-galactosidase was used in the present study. Labelled and unlabeled
acetaminophen was used at internal standards (supplementary section I11.1.).

2.3.4. Determination of total estrogens

A total estrogen (E1+E2+E3) ELISA kit (Abraxis International) designed for samples with
10% alcohol was used in the present study. The dried samples and standards were prepared in
methanol and then diluted to achieve 10% final concentration as described in the ELISA Kit.
The detailed method and validation is shown in supplementary section Il1.

2.4. Quantitative analysis of individual estrogens and metabolites (aliquot-4)

Acidified manure liquid and solid samples pre-mixed with *C labeled E2, gE2 and sE2 (0.25
mM) were spiked with an internal standard mixture containing deuterium labeled conjugated
and free estrogens and then extracted as described by Singh et al (2013) and in the
supplementary section I1.1.4. The water extract was analyzed using HPLC-MS/MS for
conjugated hormones and metabolites (supplementary section 11.1.3) and the ethyl
acetate/methanol extracts were analyzed using GC-MS/MS for free estrogens as described in
the Supplementary Information. Estrogen metabolites were analyzed using a, stable-isotope
coding and HPLC-Electrospray mass spectrometry (Yang et. al., 2008).
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3. Results and Discussion
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3.1. Manure characteristics
3.1.1. Chemical Characteristics of Manure

Table-1 shows some of the characteristics of Nur-, PS- and FPig-manure samples collected
during winter and summer. Manure pH was slightly acidic and did not differ significantly in
different samples collected during winter or summer. TS, VS, TOC, SOC and TKN values in
Nur-manure were significantly lower than corresponding values in FPig-manure or
PS-manure. VS represents the volatile organic contents in manure (Zhang et al 2003, Wright
2005 and USDA-NRCS 1996). The present study showed that Nur-manure had lowest, while
PS-manure has highest organic matter (VS+TOC), possibly because of following differences.

i. The weaned piglets received controlled starter diet that were low in fibers and grains, but
high in amino acids, dried skim milk, dried whey and fishmeal, while PSs and FPigs
received fibrous diet that is adjusted to their specific needs (Augenstein et al. 1994,
Beltranena and Patience. 1997, Dritz et. al., 1999; Tokach 2001, Masse et. al., 2003;
Lammers et al 2007). During summer, there may be more opportunity for plant
products to get mixed up with manure. Since, diet has been shown affect manure
characteristics (Gralapp et al 2002. Croteau et al 2003), we propose that the above
differences may be partially responsible for the differences in characteristics of manure
samples.

ii. Piglets were housed at higher (80°C) room temperature, while grown animals and
pregnant sows were housed at around 70°C (Dee 1999, Harmon et al 1991). Although
experimental data is not available, higher ambient temperature in Nur may activate
manure enzymes and microorganisms, thus reducing organic carbon. This may explain
comparable summer and winter values in Nur-manure.

Unlike the Nur-manure samples, the PS- and FPig-manure samples collected in summer
exhibited significantly greater TKN values vs corresponding winter samples (Table-1),
possibly because TKN values increase at higher temperatures during summer months.
Similar to the present study, earlier studies have also shown that the nitrogen values in
manure were temperature dependent with maximal values occurring in the range 20 — 35°C
(Stark 1996 and Grundmann et al. 1995). However, Maag and Vinther 1999 have shown that,
under high soil water conditions, formation of N,O and loss of N via denitrification increase
with temperature. The present study showed significant increase in TS contents in
summer-manure vs winter-manure, thus, there should have been greater nitrogen loss during
the summer, resulting in a decrease in nitrogen contents. But, thus was not the case. This may
be because the fate of nitrogen in manure may, in addition to soil, moisture and temperature,
also depend upon the source of N (Agehara and Warncke 2005). The higher nitrogen contents
observed in summer-manure may be related to the diet animals receive during the summer
time.

The present study also showed a significant increase in TOC and VS values in summer vs
winter manure samples. This observation is contrary to earlier studies that have shown (i)
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rapid degradation of OC in aerobic conditions (Bengtsson et. al. 2003, Burger and Jackson,
2003), (i1) rapid mineralization and CO2 release were key features of the aerobic degradation
of OCs (Doelsch et. al., 2009) and (iii) rapid anaerobic degradation of OCs (Kemmitt et. al.
2006) that indicated greater loss of TOC may be occurring in summer than in winter. Thus, an
increase in TOC and VS in summer-manure may be related to the animals’ diet or other
environmental factors. However, high carbon content of manure may affect the
plant-available Nitrogen since the N mineralization rate is negatively related to the C to
organic N ratio of manures (Chadwick et al 2000).

\\ Macrothi“k Journal of Agricultural Studies

Table-1. Manure characteristics.

Nursery (Nur) Pregnant animals (PS) Finisher pigs (FPig)
Winter Summer | Winter Summer Winter Summer
pH 7.3 6.87 6.7 6.77 6.8 6.8
TS (%) 644 6.743.5 324 7* 3748* 67126** | 7T1422**
VS (%) 134 1749 57+15* 7141%* 4619* 637"
TOC (g/kg) 92 1042.3 7248* 120H1* | 52428* 867+
Foe 0.009 0.01 0.07 0.11 0.005 0.009
0.003 40.004 40.02 40.035 0.003 40.094
TKN (g/L) 45H.1 |4140 |11 2945 942 2243"
E coli x10° (S) 1.240.7 | 16404 |3.140.3 6.340.8 | 24404 |6.140.6"
E coli S/L ratio. 2.0540.2 | 1.9540.2 | 2.440.2 2.640.3 2.340.1 2.1540.1
M fujisawaense x 10° (S) | 25405 | 3.040.2 (3645 |513° |[21405 |6.740.4°
M fujisawaense S/L ratio. 1.140.1 1.140.2 1.540.3 1.240.3 1.140.4 1.340.3

Values are mean =+ SD, n=10 for piglets manure, 10 for pregnant/nursing sows and 36 for
finishing pigs. Abbreviations: Foc: fraction of organic carbon (OC), TS: total solid, VS:
volatile solid, TOC: total OC, TKN: total Kjeldahl nitrogen. * p<0.05 when compares with
corresponding Nur values, ** p<0.05 when compared with Nur and PS values and #: p<0.05

3.1.2. E coli and M fujisawaense Enumerations

As discussed earlier, pig manure contains bacterial populations that deconjugate cEs
(example E coli) and hydrolyze and deactivation of fEs (example: M fujisawaense) (Legler et
al 2002, Duong et al 2011, lasur-Kruh et al 2011, Blunt et al 2009, D’Ascenzo et al 2003).
The present study showed that both E coli and M fujisawaense bacteria were present in the
liquid and solid fractions of manure from all three sites of each facility, although PS and FPig
samples exhibited greater enumeration than Nur manure (Table-1). Bacterial count in winter
and summer Nur-manure samples did not differ significantly, while bacterial counts in
summer PS- and FPig-manure were significantly higher than in corresponding winter samples.
The solid/liquid ratio of E coli in the three manure samples ranged from 1.95 to 2.4, while the
ratio of M fujisawaense in the three manure samples were close to 1. This suggests that,
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during summer, there may be an imbalance between conversion of cEs into fEs (an increase
in estrogenic activity) and hydrolysis of fEs (decrease in estrogenic activity), resulting in
higher estrogenic activity. There also appears to be a correlation between manure TOC
concentrations and translocation of E coli, but not M fujisawaense, from liquid to solid,
resulting in stabilization of the bacterial population (Franz et al 2008, 2011, Garzio-Hadzick
et al 2010). However, differential stability of the bacterial population in solid fraction of
PS-manure and FPig manure cannot be solely attributed to their TOC values since winter
PS-manure solid and summer FPig manure solid had comparable TOC values but different
stability of the bacteria. Further research is needed to characterize fate of manure bacterial
populations relevant to estrogen metabolism in manure samples.

- Journal of Agricultural Studies
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3.2 Total Estrogen Concentrations and Estrogenic Activity

Concentrations of total-conjugated (X sulfate and conjugated E1 + E2 + E3) and total-free (£
free E1 + E2 + E3) estrogens in manure’s liquid and solid fractions are shown in Figure 2. In
both fractions, the estrogen concentrations showed the following pattern: PS-manure >
FPig-manure > Nur-manure. The E2Eq values (a determinant of estrogenic activity)
paralleled the fE concentrations in non-hydrolyzed samples (Figure 2 filled bar), but
paralleled total estrogen concentrations in hydrolyzed samples (Figure 2, white bar).
Concentrations of free and conjugated estrogens observed in the present study were lower
than those reported by Combalbert et al. (2010) and Williams (2001), but comparable to
those reported by Hanselman, et al. (2004). The inter-study differences may be due to the
differences in the manure-facilities and/or analytical procedures used. Despite considerable
estrogen load of pig manure, actual accumulation of estrogens may be much lower since
approximately 90% of the free and conjugated hormones may degrade within 5 to 12 days in
manure (Hanselman et al 2003, Lee and Leu et. al., 2002). Studies have shown that estrogen
concentrations and estrogenic activity in manure may be related to the following factors:

(1) Deconjugation and activation of conjugated estrogens by E coli (Duong et. al., 2011;
D'Ascenzo et. al., 2003)

(2) Degradation of free estrogens by manures’ gram-positive (Bacillus, Nocardia,
Rhodococcus, Mycobacterium especially M fujisawaense, Nocardia, etc.) and
gram-negative bacteria (Comamonas and Pseudomonas) (Blunt et. al., 2009; Yu et.
al., 2007; Matsouka et. al. 2005; Yoshimoto et. al., 2004; Fujii et. al. 2002)

(3) Manure’s soluble and soil-bound OC contents (Quanrud et. al., 2004; Hu et. al., 2006).
We propose that the different manures’ bacterial population and TS, VS and TOC
values may also play a key role in differential distribution of estrogen in Nur-, PS-
and FPig-manures.

Figure-2 also shows that the E/E2EqQ ratio was close to 1 for Nur-manure liquid or solid
fractions irrespective of the season of collection and for PS- or FPig-manure liquid and solid
samples collected during winter. However, the E/E2Eq ratio for PS- and FPig-manure solid
fractions collected during summer were significantly lower (approximately 0.5) than that of
the ratios for corresponding samples collected during winter. Studies have shown that the
E/E2EqQ ratio close to 1 represents that total estrogen are associated with the sample’s
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estrogenic activity, while the ratio <0.8 means presence of estrogenic compounds that has not
been measured (Gibson et. al., 2005). The present study showed that PS- and FPig-manure
solid samples collected during summer had E/E2Eq <0.8, suggesting that these samples may
contain estrogenic compounds that were not measured in the present study.

\ Macrothi“k Journal of Agricultural Studies

Earlier studies (Yost et al 2013, Hoerger et al 2009, 2011 and Burnison et al 2002) have
reported presence of phytochemicals such as daidzein (DE) daidzin (Dl). Genistein (GE),
genistine (Gl), equol (Eq) (genistein metabolite) and formononeitin (FR) that are weakly
estrogenic, contributing 0.5% of total manure estrogenic activity. In the present study, manure
samples were analyzed using a HPLC-MS/MS method developed by Franke et al (2002) was
modified to analyze glycosides of GE and DE. We detected (i) DE and GE in winter-Nur
manure and DI, DE and GE in summer-Nur manure (Tables S2 and S3), (ii) DHDE, DI, Gl,
DE and GE in winter-PS and winter-FPig samples (Tables S2 and S3), and (iii) DHDE, DI,
Gl, Eq, DE, GE and FR in summer-PS and summer-FPig samples (Figure S3). However, it is
unlikely that these weakly estrogenic phytoestrogens may be solely responsible for lower
E2/E2Eq ratio in summer-PS manure samples.
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Figure-2. Total estrogen concentration and corresponding estrogenic activity in liquid and
solid fractions of manure.

E: Estrogen concentrations analyzed using the HPLC-MS method, E2EQ: estrogen
concentration determined using the E2 ‘s estrogenic activity, E/E2Eq ratio: contribution of
estrogens in manure’s estrogenic activity, W: winter manure, S: summer manure, dark bar:
free estrogens prior to manure hydrolysis, white bar: total estrogens after hydrolysis, bottom
row: manures collected from nursery, middle row: manure collected from area housing
finishing-pigs and upper row: manure from area housing pregnant- and nursing-sows. Values
are mean =SD, n= 10 for piglets, = 10 for pregnant/nursing sows and =36 for finishing pigs.
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*: p<0.05 significant when compared from corresponding winter values and x: significant
when compared from corresponding nursery and finishing pig values.

3.3 Concentrations of Individual Estrogen in Pig Manure

Tables S2 and S3 show concentrations of free and conjugated estrogens in manure liquid and
solid samples collected in winter and summer seasons. The methods used in this study
provided excellent separation of conjugated (Figure S2A) and free estrogens (Figure S2B).
E1l (sE1>fE1) and its metabolites were most abundant steroids in Nur- and PS-manure, while
E2 (gE2>fE2) was the prominent steroid in FPig-manure (Table 2). Consistent with the
present observations, earlier studies have also shown that E1 was the key estrogen in manure
from sows and piglets, while E2 and E1were key hormones in manure from finishers (Raman
et. al., 2004; Sarmah e.t al., 2006). The key source of estrogens in manure may be CAFOs
housing large number of animals excreting large quantities of conjugated (via urine) and free
(via feces) estrogens and their metabolites. E1 (fE1, SE1 and gE1) was major estrogens
present in plasma and urine samples from new-born piglets and pregnant sows, excreting
about 200 g and >50001g total E1/pig/day, respectively (Baldwin and Stabenfeldt, 1975;
Bate and Hacker, 1982; Raeside, 1963). In pregnant sows, E1 concentration declined rapidly
after parturition (Robertson and King, 1963), indicating that placenta may be the key source
of E1 (Knight 1994). In piglets, E1 concentrations remain elevated for 1 to 3 months of age,
followed by gradual decrease (Baldwin and Stabenfeldt, 1975; Bate and Hacker, 1982).
Unlike pregnant sows and piglets, FPigs predominantly excreted gE2 and fE2 (Baldwin and
Stabenfeldt, 1975) that may account for gE2 being the major hormone in FPig-manure. The
differential distribution of estrogens in Nur, PS and FPig samples may be attributed to their
differential estrogen excretion.

Table-2. Relative distribution of estrogens and their metabolites in pig manure.

Nursery (Nur) Manure

Nur Liquid
Winter:  sE1>gE2>fE1>3-MeOE1>gE3>2-MeOE1>fE2>2-MeOE2>sE3>4-MeOE2>
16a-OHE1>4-OHEL, 4-MeOE1>2-OHE1
Summer: sE1>gE2>gE2>gE3>fE1>2-MeOE1>2-MeOE2>sE1>fE2>3-MeOEL,
4-OHE1> sE1>4-MeOE2-4-MeOE3>0HE]1, 2-OHE2

Nur Solid
Winter:  gE1>gE2, fE1, gE3, 2-MeOE1>fE2>fE3>SE2>SEL, SE3, 2-MeOE2>2-OHE2,
4-MeOE3>3-MeOE1>4-MeOE1>2-OHEL.
Summer: ge1>fE1>fE2>gE3>fE3>20MeOE1>2-M30E2>sE1>sE2>FE2>
3-MeOE1>sE1>4-MeOE1> 4-MeOE2>2-OHEL, 4-OHE2

Pregnant Sow (PS) Manure

PS Lquid
Winter: SE1>fE1>4-OHE1>fE1>gE2>fE2>160-OHE1>4-MeOE1>gE3>2-MeOE1
>2-OHE1> 4-MeOE2>3-MeOE1>2-MeOE2>sE2>SE3
Summer: sE1>fE1>gE1>4-OHE1>gE2>fE2>gE3, 2-OHE1>160-OHE1>
2-MeOE1>sE3>sE2>2-OHE2>4-MeOE1>2-OHE1>4-MeOE2>fE3
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PS Solid
Winter:  sE1>4-OHE1>fE1>gE1>gE2>2-MeOE1>2-OHE1>4-MeOE1>fE2>3-MeOE1>
2-OHE2>gE3>2-MeOE2, 4-MeOE2>fE3>sE2
Summer: sE1>4-OHE1>fE1>gE1>3-MeOE1>2-MeOE1>gE2>fE2>
2-OHE2>MeOE2>gE3>fE3>40MeOE1>4MeOE2>sE2>sE1

Finisher Pig (FPig) Manure

FPeg Liquid
Winter:  gE1>gE2>fE2>fE1>gE3>sE2>2-McOE1>fE3>160-OHE1>2-OHE?2, SE3>
2-OHE1>3-MeOE1>fE3
Summer: gE1>gE2>{E2>sE1>gE3>fE1>sE3>sE2>160a-OHE1>fE3>4-OHE1>2-OHE1>
2-MeOE2>2-OHE2, 2-MeOE1, 4-MeOEL,

FPig Solid
Winter: gE1>gE2>fE2>fE>QE3>2-MeOE2>2-MeOE1>4-MeOE1>2-OHE2>4-OHE1>
SE2>3-MeOE1>fE>SE3>2-OHE1>4-MeOE?2
Summer: ge1>gE2>fE2>fE1>gE3>SE2>SE1>SE3>2-MeOE1>4-OHE1>2-OHE2>2-MeOE2>
2-MeOE1>2-OHE2>4-MeOE1>3-MeOE1

3.4. Estrogen Metabolites

As discussed earlier, estrogens in stored manure undergo bacterial and chemical
transformation (Shrestha et al 2012) associated with (i) deconjugation of estrogens resulting
in an increase in biologically active free hormones (Kumar et al 2012, Flores et al 2012), (ii)
hydrolysis of free estrogens and (iii) inter-conversion between estrogens (Mansell et al 2011,
Ying et al 2002), resulting in formation of different metabolites shown in Tables S2 and S3,
respectively, for liquid and solid fractions of pig manure. High concentrations of estrogen
metabolites, especially 2- and 4-methoxy-estrogens and 2-, 4- and 16-hydroxy-estrogens were
observed in both fractions. Methoxy-estrogens were present in greater proportion than
hydroxyl-estrogens. E1 metabolites were present in highest abundance in PS- and
Nur-manure samples, while E3 metabolites were present in highest abundances in
FPig-manure samples. The present observations are supported by earlier studies in pig
manure (Baldwin and Stabenfeldt, 1975, Zhu and Conney, 1998). Since estrogen metabolites
lack estrogenic activity than parent estrogens, they are generally assumed to be harmless. An
overview of metabolite toxicity is shown in Figure 4. Although it is generally believed that
methoxy estrogens are not estrogenic, earlier studies have shown that 4-methoxyequilenin
exhibited estrogenic activity. 4-OH and 16-OH metabolites exhibit greater potency in causing
DNA damage and breast cancer than the parents (Miller, 2003, 2008; Cavalieri et al., 2006;
Kabat et al.,, 1997). Studies have shown that 2-OHEs are converted into corresponding
quinines that exhibit greater genotoxicity than the parent molecule (Zhang et al., 2001).
Taken together, these observations indicate that, in addition to the estrogens, their metabolites
also are significant and persistent hazard that must be addressed.
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Figure-4. Estrogenic effects of and oxidative damage by estrogen metabolites present in
manure.

It is proposed that 2-hydroxy-—estrogens (2-OH-Es) are converted into E-quinones that are
not estrogenic but cause oxidative DNA damage. 2-Methoxy estrogens (2-MeOEs) and
4-methoxy estrogens (4-MeOEs) suppress the toxic effects of 2-OH-Es and E-quinones.
4-OH-Es and 16-OH-Es exhibit weak estrogenic activity and may be associated with breast
cancer.

3.5 Distribution of estrogens between solid and liquid fractions of manure

Estrogens, depending upon their properties, may distribute between the liquid and solid
fractions of manure. cEs are water soluble and contains a net negative charge due to -COO
and/or -SO3” groups (Figure 5), while fEs are highly lipophilic (logP: >4).

Figure-5. Structure of conjugated and free estrogens. Conjugated estrogens that exhibit net
negative charge, and free estrogens that are moderately hydrophobic.

Therefore, we expected that conjugated estrogens will remain in the liquid phase and the free
estrogens will translocate into the soil. However, contrary to this hypothesis, both conjugated and
free estrogens bound to manure solids (Figure 6), although by via different mechanisms.
Conjugated and part of free estrogens eluted with water, while the remaining free estrogens eluted
with methanol. Conjugated estrogens (or metabolites) bind manure solids possibly involving
H-bonds or electrostatic interactions with positively charged adsorbed ions, while the
methanol-eluted fEs bind to solid via hydrophobic interactions. The logKoc values, ranging from 2
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to 3.3 for fEs and from 1 to 1.6 for cEs (Table 3) suggests that fEs may exhibit lower mobility then
cEs in manure.

\ Macrothi“k Journal of Agricultural Studies
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Figure-6. Elution pattern of conjugated and free estrogens from manure solid.

All of the conjugated and part of free estrogens are eluted with water. The remaining free
estrogens are eluted with methanol.

In addition to the binding of estrogens to solid, fate of estrogens may also be determined by
microscopic colloids in liquid that have been shown to bind estrogens (Zitnick et al. 2011).
Thus, an equilibrium state may exist between hormones in liquid and solid fractions of
manure (Figure-1b). Water may leach conjugated and, to some extent, free hormones from
soil into the manure liquid that may contaminate the stream and underground water supply.
Although mechanisms are not fully understood, hydrophobic partitioning into organic carbon
domains of solids may plays a key role in sorption of lipophilic compounds (Kumar et al.,
2006). Since sorption retards a chemical’s leaching, it minimizes groundwater contamination.
Chemicals that bind to soil particles will migrate when the soil particles move during erosion,
while chemicals soluble in water or bound to dissolved organic carbon may migrate freely.

3.6 Seasonal Changes in Manure Estrogen Concentrations and Estrogenic Activity

The colder regions of the United States experiences wide fluctuations in temperature ranging
from below zero with snow cover in winter to over 90°C in summer. To accommodate
different energy needs during winter and summer, farmers may alter the animals’ diets that
may alter the manures’ physicochemical properties. However, very little information is
available about the influence of season on manure and the fate of estrogens. The present
study showed that concentrations of total (Figure-2) and/or individual estrogens (Tables S2
and S3) in Nur-manure samples collected during winter and summer did not differ
significantly, while the estrogen concentrations in PS- and FPig-manure samples collected
in summer were significantly greater than the concentrations in corresponding winter samples.
Although causes for the differences between Nur-manure and PS- or FPig-manure are not
fully understood, we propose possible involvement of the animals’ diet, manure storage
condition and manure characteristics in the process as discussed below.

(i) Differences in the animals’ diet: As discussed above, piglets receive controlled diet that is
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fairly consistent throughout the year, FPigs receive more stray and fresh diet in summer and
high fat diet in winter and pregnant sows receive diet depending on the needs at different
stages of pregnancy (van Heugten et al 2003).

(ii) Differences in manure storage and composition: The present and earlier studies have
shown that Nur-manure contained lowest, PS-manure contained highest and DPig-manure
contained intermediate levels of TS, VS, TOC, SOC and nutrients. PS-and FPig-manure, but
not Nur-manure exhibited season-related differences. In addition, E coli and M fujisawaense
populations in summer samples were significantly greater than those in winter samples.

Studies have shown that an increase in TOC may attenuate binding of estrogens to manure
solid and enhance their translocation (Quanrud et. al., 2004; Hu et. al., 2006), but increases
binding of E coli and M fujisawaense to manure’s solid that has been shown to stabilizes the
bacterial population (Franz et al 2008, 2011, Garzio-Hadzick et al 2010). Bacterial
stabilization may result in (1) deconjugation and activation (in case of E coli) of conjugated
estrogens and (2) further degradation and deactivation of free estrogens (in case of M
fujisawaense or other related bacteria). Thus, the animal’s diet and manure characteristics
may determine estrogen accumulation in manure samples.

4. Public Health and Environmental Consequences

Annual excretion of estrogens by farm animals, including cattle, pigs, sheep, and chickens,
has been estimated to be 39 tons in the European Union and 41 tons in the United States
(Moore et al., 1982; Zhao et al., 2010). Since manure also contains large quantities of
estrogen metabolites, we hypothesize a possible relationship between estrogen metabolism in
manure and its estrogenic activity (Figure 7). Studies have shown that majority of estrogens
excreted from animals arise from urine in conjugated form that has poor estrogenic activity.
However, when manure samples are stored, conjugated estrogens may be converted to free
estrogens by manure-microorganisms, resulting in gradual increase in manure’s estrogenic
activity. Long term storage or manure at the generation site may result in gradual decrease in
estrogenic activity due to further degradation and inactivation of hormones or leaching of
conjugated hormones from the storage site to stream or underground water sources. Thus,
storage may reduce estrogen load at the site of production, but may increase the ecosystem
pollution.

Manure solids, in addition to fEs, contain large quantities of cEs. Although cEs do not exhibit
estrogenic activity, they can be hydrolyzed into free hormones, thus serving as a reservoir for
free, biologically active hormones. As the hormones in manure liquid are degraded more
conjugated hormones will be released from solid into the liquid fraction. In manure solid,
conjugated estrogens may persist for relatively longer periods and leech with rain water. In
surface water, conjugated estrogens may get converted into free estrogen resulting in an
increase in surface water’s estrogenicity.

Earlier studies have shown that estrogen concentration in wells ranged from <0.1 ng/ml to 30
ng/ml, depending on land application of manure (Shore et al. 1993). Relatively high levels of
estrogens have also been found in surface water near the animal farms. E2 concentrations >5
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ng/L have been reported in ducks and fish populations (Zhao et al., 2010). Estrogen exposure
has been shown to (i) cause reproductive problem, especially in male marine animals and (ii)
altered embryonic sexual development that may depress subsequent reproductive success
(Shore et al., 1995). Therefore, this study suggests that steroid hormones emerging from pig
farms may have severe ecological impact in the pig-farm neighborhoods.

Urine: E2-G, E1-G, E1-S (pregnancy) | | Feces: E1, E2, E3 Estrogenic
2-OH-El, 16-OH-E1 pregnancy: E1 activity
e
Bacterial degradation | chemical degradation
Stored manure

El, E2, E3, E1-G, E2-G, E1-S, 16-OH-El, 2-OH-E1
El-, E2-, E3-G, or E1S ——‘Free’ estrogens
v

Long-term storage
Bacterial and Chemical degradation, leaching, and/or runoff

ﬁ/%

iquid >> Soli i
Liqud >>3olid | NS [ond o> Liguid
El-, E2-, E3-G, i s
16-OH-E1, 2-OH-EI A

Figure-7. Metabolism and fate of estrogens in manure samples.

Urine contains conjugated, while feces contain free estrogens. In manure, bacterial
populations (1) deconjugate conjugated-estrogens that increases the samples estrogenic
activity and (2) degrade free estrogens resulting in decrease in estrogenic activity. If new
manure is not continually added, the estrogenic activity with first increase followed by a
gradual decrease. Free estrogens ne distribute in manure solid, while conjugated estrogens
may remain in liquid fraction. Abbreviations: E2: estradiol, E1: estrone, E3: estriol, G:
glucuronide conjugate, S: sulfate conjugate, -OH hydroxyl metabolite.

A recent study from our laboratory gas shown that anaerobic incubation of pig manure that
increases the plant-available nitrogen (PAN) poorly degrades estrogens, while aerobic
incubation of pig manure that accelerates estrogen degradation also degrades the PAN (Singh
2014). Since PAN is the key factor in use of manure as fertilizer, estrogen contamination
presented a unique dilemma: both aerobic and anaerobic processing of manure has distinct
disadvantaged and may not be ideal converting pig manure into safe organic fertilizer. Further
research is needed to develop methods to convert manure into safe fertilizers.

References

Agehara, S., & Warncke, D. D. (2005) Soil Moisture and Temperature Effects on Nitrogen
Releasefrom Organic Nitrogen Sources. Soil Sci. Soc. Am. J., 69,1844-1855.

Augenstein, M. L., Johnston, L. J., Shurson, G. C. et al. (1994) Formulating swine specific
swine  diet. (on line)  Available: http://www.extension.umn.edu/distribution/
livestocksystems/di6496.html

99 www.macrothink.org/jas


http://www.extension.umn.edu/distribution/%20livestocksystems/di6496.html
http://www.extension.umn.edu/distribution/%20livestocksystems/di6496.html

- Journal of Agricultural Studies
A\\Mac.rOtthl,;'k ISSN 2166-0379
Institute 2016, \ol. 4, No. 2

Baldwin, D. M., & Stabenfeldt, G. H. (1975) Endocrine changes in the pig during late
pregnancy, parturition and lactation. Biol. Reprod. , 12, 508.

Bate, L. A., & Hacker, H. H. (1982) Estrogerns and piglet viability I. Serum estrogen
concentrations in piglets. J. Anim. Sci. 54, 1012-1016.

Beltranena, E., & Patience, J.F. (1997) Defining the response of early-weaned piglets to
dietary lysine:energy ratios. Annual Research Report, Prairie Swine Centre Inc., Saskatoon,
SK. pp. 22-25 (online) Available:
http://www.prairieswine.com/publications-psc/pdf-ar/Annual%20Report%201997.pdf.

Bengtsson, G., Bengtsson, P. & Mansson, K.F. (Cross nitrogen mineralization. Immobilization,
and nitrification rates as a function of doil C/N ratio and microbial activity. Soil Biol.
Biochem. 2003, 35:143-154.

Blunt, S. M. (2011) Microbial impacts on endocrine disrupting contaminants: Las Vegas Wash
and Lake Mead, Nevada 2011.UNLV Theses Dissertations (online) Available:
http://digitalscholarship.unlv.edu/thesesdissertations/1404

Burger, M., & Jackson, L. E. (2003) Microbial immobilization of ammonium and nitrate in
relation to ammonification and nitrification rates in organic and conventional cropping systems.
Soil Biol. Biochem,35, 43-53.

Burnison, B. K., Hartmann, A., Lister, A. et al. (2003). A toxicity identification evaluation
approach to studying es trogenic substances in hog manure and agricultural runoff. Environ.
Toxicol. Chem. 22, 2243-2250.

Caron, E., Farenhorst, A., Zvomuya, F. et al. (2010). Sorption of four estrogens by surface
soils from 41 cultivated fields in Alberta, Canada. Geoderma, 155, 19-30.

Cavalieri, E. Chakravarti, D., Guttenplan, J. et al. (2006) Catechol estrogen quinones as
initiators of breast and other human cancers: implications for biomarkers of susceptibility and
cancer prevention. Biochim Biophys Acta. 1766, 63-78.

Chang, M., Overk, C.R., Kastrati, I. et al. (2008) Estrogenic activity of the equine estrogen
metabolite, 4-methoxyequilenin. Adv Exp Med Biol. 617, 601-607.

Christensen FM. (1998) Pharmaceuticals in the Environment--A Human Risk. Regul. Toxicol.
Pharmacol. 28, 212—221.

Coe, T.S., Hamilton, P.B., Hodgson, D. et al. (2008) An environmental estrogen alters
reproductive hierarchies, disrupting sexual selection in group-spawning fish. Environ. Sci.
Technol. 42, 5020-5025.

Colborn, T.F.S., Saal, V., Soto, A.M. (1993) Developmental effects of endocrine disrupting
chemicals in wildlife and humans. Environ. Health. Perspect. 101, 378-384.

Combalbert, S., Bellet, V., Dabert, P. et al. (2010) Fate of steroid hormones and endocrine
activities in swine manure disposal and treatment facilities. Water Res. 46, 895-906.

100 www.macrothink.org/jas


http://www.ncbi.nlm.nih.gov/pubmed?term=Cavalieri%20E%5BAuthor%5D&cauthor=true&cauthor_uid=16675129
http://www.ncbi.nlm.nih.gov/pubmed?term=Chakravarti%20D%5BAuthor%5D&cauthor=true&cauthor_uid=16675129
http://www.ncbi.nlm.nih.gov/pubmed?term=Guttenplan%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16675129
http://www.ncbi.nlm.nih.gov/pubmed/16675129
http://www.ncbi.nlm.nih.gov/pubmed?term=Chang%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18497087
http://www.ncbi.nlm.nih.gov/pubmed?term=Overk%20CR%5BAuthor%5D&cauthor=true&cauthor_uid=18497087
http://www.ncbi.nlm.nih.gov/pubmed?term=Kastrati%20I%5BAuthor%5D&cauthor=true&cauthor_uid=18497087
http://www.ncbi.nlm.nih.gov/pubmed/18497087
http://ovidsp.tx.ovid.com.ezp2.lib.umn.edu/sp-3.5.1a/ovidweb.cgi?&S=NCKLFPDBMEDDKCEFNCALNEFBMMEJAA00&Complete+Reference=S.sh.15%7c1%7c1
http://ovidsp.tx.ovid.com.ezp2.lib.umn.edu/sp-3.5.1a/ovidweb.cgi?&S=NCKLFPDBMEDDKCEFNCALNEFBMMEJAA00&Complete+Reference=S.sh.15%7c1%7c1

- Journal of Agricultural Studies
A\\Mac.rOtthl,;'k ISSN 2166-0379
Institute 2016, \ol. 4, No. 2

Combalbert, S., Hernandez-Raquet, G. (2010) Occurrence, fate, and biodegradation of
estrogens in sewage and manure. Applied Microbiol. Biotech. 86, 1671-1692.

Combalbert, S., Pype, M.L, Bernet, N.et al. (2010) Enhanced methods for conditioning,
storage, and extraction of liquid and solid samples of manure for determination of steroid
hormones by solid-phase extraction and gas chromatography-mass spectrometry. Anal.
Bioanal. Chem. 398, 973-984.

D'Ascenzo, G., Di Corcia, A., Gentili, A.et al. (2003) Fate of natural estrogen conjugates in
municipal sewage transport and treatment facilities. Sci. Total Env. 302, 199-2009.

Dee, S. (1999) Nursery pig nutrition and environmental management. Food Animal Comp. 21,
S92-S96.

Diamanti-Kandarakis, E., Bourguignon, J.P., Giudice, L.C. et al. (2009)
Endocrine-Disrupting Chemicals: An Endocrine Society Scientific Statement. Endocr.
Rev. 30, 293- 342.

Doelsch, E., Masion, A., Cazevielle, P. et al. (2009) Spectroscopic characterization of organic
matter of a soil and vinasse mixture during aerobic or anaerobic incubation. Water
Management, 29, 1929-1935.

Dritz, S.S., Tokach, M.D., Goodband. Et al. (1999) Feeding management of nursery pigs.
Large Anim. Pract. 1999, 28-31.

Duong, C.N., Lee, J.H., Lim, B.J., Kim, S.D. (2011) Biodegradation of estrogen conjugates
by bacteria isolated from river sediments. Water Sci Technol. 64:1750-1758.

Flores, R., Shi, J., Fuhrman, B., Xu, X., V et al. (2012) Fecal microbial determinants of fecal
and systemic estrogens and estrogen metabolites: a cross-sectional study. J. Translational
Med. 10, 253.

Franke, A. A., Custer, L. J., Wilkens, L. R. et al. (2002). Liquid chromatographic—photodiode
array mass spectrometric analysis of dietary phytoestrogens from human urine and blood. J
Chromatogr. B, 777, 45-59.

Franz, E., Semenov, A.V., Termorshuizen. et al. (2008) Manure-amended soil characteristics
affecting the survival of E. coli O157:H7 in 36 Dutch soils. Environ Microbiol. 10, 313-327.

Franz, E., van Hoek, A.H.A.M., Bouw, E. et al. (2011) Variability of Escherichia coli 0157
Strain Survival in Manure-Amended Soil in Relation to Strain Origin, Virulence Profile, and
Carbon Nutrition Profile. Appl Environ Microbiol. 77, 8088-8096.

Fujii, K., Kikuchi, S., Satomi, M. et al. (2002) Degradation of 17p-Estradiol by a
Gram-Negative Bacterium lIsolated from Activated Sludge in a Sewage Treatment Plant in
Tokyo, Japan. Appl. Environ. Microbiol. 68, 2057—-2060.

Gralapp, A.K., Powers, W.J., Faust, M.A. et al. (2002) Effects of dietary ingredients on
manure characteristics and odorous emissions from swine. J Anim. Sci. 80, 1512.

101 www.macrothink.org/jas


http://ovidsp.tx.ovid.com.ezp2.lib.umn.edu/sp-3.5.1a/ovidweb.cgi?&S=NCKLFPDBMEDDKCEFNCALNEFBMMEJAA00&Complete+Reference=S.sh.15%7c4%7c1
http://ovidsp.tx.ovid.com.ezp2.lib.umn.edu/sp-3.5.1a/ovidweb.cgi?&S=NCKLFPDBMEDDKCEFNCALNEFBMMEJAA00&Complete+Reference=S.sh.15%7c4%7c1
http://ovidsp.tx.ovid.com.ezp2.lib.umn.edu/sp-3.5.1a/ovidweb.cgi?&S=NCKLFPDBMEDDKCEFNCALNEFBMMEJAA00&Complete+Reference=S.sh.15%7c2%7c1
http://ovidsp.tx.ovid.com.ezp2.lib.umn.edu/sp-3.5.1a/ovidweb.cgi?&S=NCKLFPDBMEDDKCEFNCALNEFBMMEJAA00&Complete+Reference=S.sh.15%7c2%7c1
http://ovidsp.tx.ovid.com.ezp2.lib.umn.edu/sp-3.5.1a/ovidweb.cgi?&S=NCKLFPDBMEDDKCEFNCALNEFBMMEJAA00&Complete+Reference=S.sh.15%7c2%7c1
http://www.ingentaconnect.com/content/els/00489697;jsessionid=1fqdtbjx3hajs.alexandra
http://www.ncbi.nlm.nih.gov/pubmed?term=Duong%20CN%5BAuthor%5D&cauthor=true&cauthor_uid=22335121
http://www.ncbi.nlm.nih.gov/pubmed?term=Lee%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=22335121
http://www.ncbi.nlm.nih.gov/pubmed?term=Lim%20BJ%5BAuthor%5D&cauthor=true&cauthor_uid=22335121
http://www.ncbi.nlm.nih.gov/pubmed?term=Kim%20SD%5BAuthor%5D&cauthor=true&cauthor_uid=22335121
http://www.ncbi.nlm.nih.gov/pubmed/22335121
http://www.ncbi.nlm.nih.gov/pubmed?term=Franz%20E%5BAuthor%5D&cauthor=true&cauthor_uid=18199123
http://www.ncbi.nlm.nih.gov/pubmed?term=Semenov%20AV%5BAuthor%5D&cauthor=true&cauthor_uid=18199123
http://www.ncbi.nlm.nih.gov/pubmed?term=Termorshuizen%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=18199123
http://www.ncbi.nlm.nih.gov/pubmed/18199123
http://europepmc.org/search/?scope=fulltext&page=1&query=AUTH:%22Franz%20E%22
http://europepmc.org/search/?scope=fulltext&page=1&query=AUTH:%22van%20Hoek%20AH%22
http://europepmc.org/search/?scope=fulltext&page=1&query=AUTH:%22Bouw%20E%22

- Journal of Agricultural Studies
A\\Mac.rOtthl,;'k ISSN 2166-0379
Institute 2016, \ol. 4, No. 2

Garzio-Hadzick, A., Shelton, D.R., Hill, R.L. et al. (2010) Survival of manure-borne E. coli
in streambed sediment: effects of temperature and sediment properties. Water Res. 44,
2753-2762.

Gratteau, J. C., & Dick, R. I. (1968) Activated sludge suspended solids determinations. Water
Sewage Works 115, 468-471.

Grundmann, G. L., Renault, P., Rosso, L. et al. (1995) Differential effects of soil water
content and temperature on nitrification and aeration. Soil Sci Soc  Am J 59, 1342-1349.

Hanselman, R.A., Graetz, D.A., Wilkie, A.C. (2004) Comparison of Three Enzyme
Immunoassays for Measuring 17B-Estradiol in Flushed Dairy Manure Wastewater J. Environ.
Qual. 33, 1919-1923.

Hanselman, R.A., Graetz, D.A., Wilkie, A.C. (2003) Manure-Borne Estrogens as Potential
Environmental Contaminants: A Review. Env. Sci. Tech. 37, 5472-5478.

Harmon, J.D., Xin, H., Shao, J. (1997) Thermal needs of the early weaned pig. Livestock
Environment. Proc. 5 Int’l Symp. 482-488.

Harrison, P.T.C., Holmes, P., Humfrey, C.D.N. (1997) Reproductive health in humans and
wildlife: are adverse trends associated with environmental chemical exposure? Sci. Total
Environ. 205, 97-106.

Hoerger, C. C., Wettstein, F. E., Hungerbiihler, K. et al. (2009). Occurrence and origin of
estrogenic isoflavones in Swiss river waters. Environ. Sci. Technol. 43, 6151-6157.

Hoerger, C. C., Wettstein, F. E., Bachmann, H. J. et al. (2011). Occurrence and mass balance
of isoflavones on an experimental grassland field. Environmental science &
technology, 45(16), 6752-6760.

Hu, J.Y., Chen, X., Jin, X. et al. (2006) Effect of chlorination on estrogenicity in chlorinated
treated effluent. Drinking Water Treatment, Supply and Management in Asia (IWA-ASPIRE
2005) 6, 185—191.

Hutchins, S.R., White, M.V., Hudson, F.M. et al. (2007) Analysis of lagoon samples from
different concentrated animal feeding operations for estrogens and estrogen conjugates.
Environ Sci Technol. 41, 738-744.

lasur-Kruh, L., Hadar, Y., Minz, D. (2011) Isolation and Bioaugmentation of an
Estradiol-Degrading Bacterium and Its Integration into a Mature Biofilm. Appl Environ
Microbiol. 77, 3734-3740.

Jobling, S., Williams, R., Johnson, A. et al. (2006) Predicted exposures to steroid estrogens in
U.K. rivers correlate with widespread sexual disruption in wild fish populations. Environ.
Health Perspect. 114, 32— 39.

Jobling, S., Sheahan, D., Osborne, J.A., Matthiessen, P., Sumpter, J.P. (1996) Inhibition of
testicular growth in rainbow trought (Oncorhynchus Mykiss) exposed to estrogenic
alkylphenolic chemicals. Environ. Toxicol. Chem. 15, 194-202.

102 www.macrothink.org/jas


http://www.ncbi.nlm.nih.gov/pubmed?term=Garzio-Hadzick%20A%5BAuthor%5D&cauthor=true&cauthor_uid=20219232
http://www.ncbi.nlm.nih.gov/pubmed?term=Shelton%20DR%5BAuthor%5D&cauthor=true&cauthor_uid=20219232
http://www.ncbi.nlm.nih.gov/pubmed?term=Hill%20RL%5BAuthor%5D&cauthor=true&cauthor_uid=20219232
http://www.ncbi.nlm.nih.gov/pubmed/20219232
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hutchins%20SR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22White%20MV%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hudson%20FM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/17328177
http://www.ncbi.nlm.nih.gov/pubmed/?term=Iasur-Kruh%20L%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hadar%20Y%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Minz%20D%5Bauth%5D

ISSN 2166-0379

\\ Macrothi“k Journal of Agricultural Studies
A InStitUte " 2016, Vol. 4, No. 2

Jobling, S., Tyler, C. R. (2003) Endocrine disruption in wild freshwater fish. Pure Appl. Chem.
75, 2219-2234.

Jobling, S., Casey, D., Rodgers-Gray, T. et al. (2003) Comparative responses of molluscs and
fish to environmental estrogens and an estrogenic effluent. Aquat. Toxicol. 65, 205-220.

Kabat, G.C., Chang, C. J., Sparano, J. A. et al, Sepkovie, D.W., Hu, X.P., Khalil,
A., Rosenblatt, R., Bradlow, H.L. (1997) Urinary estrogen metabolites and breast cancer: a
case-control study. Cancer Epidemiol. Biomarkers Prev. 6, 505-509.

Kemmitt, S.J., Wright, D., Goulding, KW.T. et al. (2006) pH regulation of carbon and
nitrogen dynamics in two agricultural soils. Soil Biol. Biochem. 38, 898-911.

Knight, J.W. (1994) Aspects of placental estrogen synthesis in the pig. Exp Clin
Endocrinol. 102, 175-84.

Kumar, K., Gupta, S., Singh, A.K. et al. (2006) Occurance of Estrogenic Compounds in
Manures and Biosolids. Invited Paper at the Special Symposium on Emerging Contaminants
and Land—applied Biosolids and Manures: State of the Science and regulatory implications.
ASA—-CSSA—-SSSA International Annual Meetings. November 12—16, New Orleans, LA.

Kumar, V., Nakada, N., Yasojima, M. et al. (2009) Rapid determination of free and conjugated
estrogen in different water matrices by liquid chromatography-tandem mass spectrometry.
Chemosphere 77, 1440-1446.

Kumar, V. Johnson, A.C.,Nakada, N.et al. (2012) De-conjugation behavior of
conjugated estrogens in the raw sewage, activated sludge and river water. J Hazard Mater. 28,
49-54,

Labadie, P. & Budzinski, H. (2007) Development of an analytical procedure for
determination of selected estrogens and progestagens in water samples Anal. Bioanal. Chem.
381, 1199-1205.

Lammers, P.J., Stender, D.R., Honeyman, M.S. (2007) Example Pig Diets (online) Available
http://www.ipic.iastate.edu/publications/370.ExampleDiets.pdf.

Lee, H. B. & Liu, D. (2002) Degradation of 17(3estradiol and its metabolites by sewage
bacteria. Water Air Soil Pollut. 134, 353-368.

Legler, J., Jonas, A., Lahr, J. et al. (2002) Biological measurement of estrogenic activity in
urine and bile conjugates with the in vitro ER-CALUX reporter gene assay. Environ Toxicol
Chem. 21, 473-479.

Maag, M. & Vinther, F.P. (1999) Effect of temperature and water on gaseous emissions from
soils treated with animal slurry. Soil Sci Soc Am. J 63, 858-865.

Mansell, D.S., Bryson, R.J., Harter, T. et al. (2011) Fate of endogenous steroid hormones in
steer feedlots under simulated rainfall-induced runoff. Environ Sci Technol. 45, 8811-8818.

Massart, F., Parrino, R., Seppia, P. et al. (2006) How do environmental estrogen disruptors

103 www.macrothink.org/jas


http://www.ncbi.nlm.nih.gov/pubmed?term=Kabat%20GC%5BAuthor%5D&cauthor=true&cauthor_uid=9232337
http://www.ncbi.nlm.nih.gov/pubmed?term=Chang%20CJ%5BAuthor%5D&cauthor=true&cauthor_uid=9232337
http://www.ncbi.nlm.nih.gov/pubmed?term=Sparano%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=9232337
http://www.ncbi.nlm.nih.gov/pubmed?term=Sepkovie%20DW%5BAuthor%5D&cauthor=true&cauthor_uid=9232337
http://www.ncbi.nlm.nih.gov/pubmed?term=Hu%20XP%5BAuthor%5D&cauthor=true&cauthor_uid=9232337
http://www.ncbi.nlm.nih.gov/pubmed?term=Khalil%20A%5BAuthor%5D&cauthor=true&cauthor_uid=9232337
http://www.ncbi.nlm.nih.gov/pubmed?term=Khalil%20A%5BAuthor%5D&cauthor=true&cauthor_uid=9232337
http://www.ncbi.nlm.nih.gov/pubmed?term=Rosenblatt%20R%5BAuthor%5D&cauthor=true&cauthor_uid=9232337
http://www.ncbi.nlm.nih.gov/pubmed?term=Bradlow%20HL%5BAuthor%5D&cauthor=true&cauthor_uid=9232337
http://www.ncbi.nlm.nih.gov/pubmed/9232337
http://www.ncbi.nlm.nih.gov/pubmed?term=Knight%20JW%5BAuthor%5D&cauthor=true&cauthor_uid=7995337
http://www.ncbi.nlm.nih.gov/pubmed/7995337
http://www.ncbi.nlm.nih.gov/pubmed/7995337
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kumar%20V%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nakada%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yasojima%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/19772979
http://www.ncbi.nlm.nih.gov/pubmed?term=Kumar%20V%5BAuthor%5D&cauthor=true&cauthor_uid=22664257
http://www.ncbi.nlm.nih.gov/pubmed?term=Johnson%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=22664257
http://www.ncbi.nlm.nih.gov/pubmed?term=Nakada%20N%5BAuthor%5D&cauthor=true&cauthor_uid=22664257
http://www.ncbi.nlm.nih.gov/pubmed/22664257
http://www.springerlink.com/content/?Author=Pierre+Labadie
http://www.springerlink.com/content/?Author=H%c3%a9l%c3%a8ne+Budzinski
http://www.springerlink.com/content/1618-2642/
http://www.springerlink.com/content/1618-2642/381/6/
http://www.ipic.iastate.edu/publications/370.ExampleDiets.pdf
http://www.ncbi.nlm.nih.gov/pubmed?term=Legler%20J%5BAuthor%5D&cauthor=true&cauthor_uid=11878459
http://www.ncbi.nlm.nih.gov/pubmed?term=Jonas%20A%5BAuthor%5D&cauthor=true&cauthor_uid=11878459
http://www.ncbi.nlm.nih.gov/pubmed?term=Lahr%20J%5BAuthor%5D&cauthor=true&cauthor_uid=11878459
http://www.ncbi.nlm.nih.gov/pubmed/11878459
http://www.ncbi.nlm.nih.gov/pubmed/11878459
http://www.ncbi.nlm.nih.gov/pubmed?term=Mansell%20DS%5BAuthor%5D&cauthor=true&cauthor_uid=21894906
http://www.ncbi.nlm.nih.gov/pubmed?term=Bryson%20RJ%5BAuthor%5D&cauthor=true&cauthor_uid=21894906
http://www.ncbi.nlm.nih.gov/pubmed?term=Harter%20T%5BAuthor%5D&cauthor=true&cauthor_uid=21894906
http://www.ncbi.nlm.nih.gov/pubmed/21894906

- Journal of Agricultural Studies
A\\Mac.rOtthl,;'k ISSN 2166-0379
Institute 2016, \ol. 4, No. 2

induce precocious puberty. Minerva Pediatr. 58, 247-54

Masse, D.l., Croteau, F., Masse, L., Bergeron, R. et al. (2003) Effect of dietary fiber
incorporation on the characteristics of pregnant sows slurry. Can. Biosys. Eng. 45, 6.7 — 6.12.

Matsuoka, S., Kikuchi, M., Kimura, S. et al. (2005) Determination of estrogenic substances
in the water of Muko River using in vitro assays, and the degradation of natural estrogens by
aquatic bacteria. J. Health Sci. 51, 178-184.

Miller, K. (2003) Estrogen and DNA Damage: The Silent Source of Breast Cancer? J. Natl.
Cancer Inst. 95, 100-102.

Moore, A.B., Bottoms, G.D., Coppoc, GL. et al. (1998) Metabolism of estrogens in the
gastrointestinal tract of swine. J. Anim. Sci. 55, 124-134.

Muller, M., Combalbert, S., Delgenés, N. et al. (2010) Occurrence of estrogens in sewage
sludge and their fate during plant-scale anaerobic digestion. Chemosphere 81, 65-71.

Perrier, E.R. & Kellogg, M. (1960) Colorimetric determination of soil organic matter. Soil Sci.
90,104-106.

Peters, J.B. (2003) Recommended methods of manure analysis. University of Wisconsin,
Madison, Cooperative Extension Publication A3769. Available
http://uwlab.soils.wisc.edu/pubs/A3769.pdf (verified 26 Sept.2007).

Raeside, J.1. (1963) Urinary estrogen excretion in the pig during pregnancy and parturition. J.
Reprod. Fertil. 6, 427-431.

Ramamoorthy, K., Wang, F., Chen, I.C. et al. (1997) Estrogenic activity of a
dieldrin/toxaphene mixture in the mouse uterus, MCF-7 human breast cancer cells, and
yeast-based estrogen receptor assays: no apparent synergism. Endocrinology, 138,
1520-1527.,

Quanrud, D.M., Quast, K., Conroy, O. et al., (2004) Estrogenic Activity and Volume
Fraction of Waste Water Origin in Monitoring Wells Along the Santa Cruz River, Arizona.
Ground Water Monitoring and Remediation, 24, 86-93.

Raman, D.R., Williams, E.L., Layton, A.C. et al. (2004) Estrogen content of dairy and swine
wastes. Environ. Sci. Technol. 38, 3567-3573.

Robertson, H.A. & King, GJ. (1963) Plasma concentrations of progesterone, oestrone,
oestratiol-17 and of estrone sulphate in the pig at implantation, during pregnancy and at
parturition. J. Reprod. Fertil, 40, 133-141.

Sarmah, A.K., Northcott, G.L., Leusch, F.D.L. et al. (2006). A survey of endocrine disrupting
chemicals (EDCs) in municipal sewage and animal waste effluents in the Waikato region of
New Zealand. Sci. Total Environ, 355, 135-44.

Shane, A., Westerhoff, S.A., Yoon, Y. et al. D.L. (2003) Pharmaceuticals, personal care
products, and endocrine disruptors in water: Implications for the water industry. Enviro. Eng.

104 www.macrothink.org/jas


http://endo.endojournals.org/search?author1=Kavita+Ramamoorthy&sortspec=date&submit=Submit
http://endo.endojournals.org/search?author1=Fan+Wang&sortspec=date&submit=Submit
http://endo.endojournals.org/search?author1=I-Chen+Chen&sortspec=date&submit=Submit
http://onlinelibrary.wiley.com/journal/10.1111/(ISSN)1745-6592
http://onlinelibrary.wiley.com/doi/10.1111/gwmr.2004.24.issue-2/issuetoc

- Journal of Agricultural Studies
A\\Mac.rOtthl,;'k ISSN 2166-0379
Institute 2016, \ol. 4, No. 2

Sci. 20, 449-469.

Shore, L. S., Gurevitz, M., Shemesh, M. (1993) Estrogen as an environmental pollutant. Bull.
Env. Contamin. Toxicol. 51, 361-366.

Shore, L. S., Correll, D., Chakroborty, P. K. (1995) Animal waste and Land-water interface.
Steele, K. (Ed), pp 49-56, Lewis Publishers, Boca Raton, FL.

Shrestha, S. L., Casey, F. X. M. et al. (2012) Fate and Transformation of an Estrogen
Conjugate and Its Metabolites in Agricultural Soils. Environ. Sci. Technol. 46, 11047-11053

Singh, A. K., Gupta, S., Kumar, K. et al. (2013). Quantitative analysis of conjugated and free
estrogens in swine manure: Solutions to overcome analytical problems due to matrix
effects. J. Chromatogr. A, 1305, 203-212.

Singh, A. K. (2015). Aerobic and Anaerobic Transformations in Estrogens and Nutrients in
Swine Manure: Environmental Consequences. Agriculture, 5, 697-712.

Stark, J. M. (1996) Modeling the temperature response of nitrification. Biogeochemistry 35,
433-445

Tokach, M. (2007) Developing Diets for Grower, Pigs (online) Available
http://nationalhogfarmer.com/ mag/farming_developing_diets_grower.

USDA-NRCS (1996) Agricultural Waste Management Field Handbook, National Engineering
Handbook Part 651, USDA-NRCS. Available
ftp://ftp.wcc.nres.usda.gov/wntsc/ AWM/handbook/ch10.pdf.

Vajda, A. M., Barber, L. B., Gray, J. L. et al. (2008) Reproductive disruption in fish
downstream from an estrogenic wastewater effluent. Environ. Sci. Technol. 42, 3407-3414.

Van Heugten, E., & Funderburke, D. W. et al. (2003). Growth performance, nutrient
digestibility, and fecal microflora in weanling pigs fed live yeast. J. Anim Sci. 81, 1004-1012.

Wang, L., Mankin, K. R., & Marchin, G. L. (2004) Survival of fecal bacteria in dairy manure.
Transactions of the ASAE, 47, 1239—1246.

Weber, S., Leuschner, P., Kampfer, P. et al. (2005) Degradation of estradiol and ethylestradiol
by activated sludge and by a defined mixed culture. Appl. Microbiol. Biotechnol. 67,
106-112.

Wright, W. F. (2005). Dairy manure particle size distribution, properties, and implications for
manure handling and treatment’, Paper No. 054105, ASAE Annual International Meeting,
Tampa, Florida, USA, 17-20 July 2005, American Society of Agricultural and Biological
Engineers.

Yang, W-C., Regnier, F. E., Sliva, D. et al.(2008). Stable Isotope-Coded Quaternization for
Comparative Quantification of Estrogen Metabolites by High-Performance Liquid
Chromatography-Electrospray lonization Mass Spectrometry. J Chromatogr B Analyt Technol
Biomed Life Sci. 870, 233-240.

105 www.macrothink.org/jas


http://www.springerlink.com/content/?Author=Laurence+S.+Shore
http://www.springerlink.com/content/?Author=Michael+Gurevitz
http://www.springerlink.com/content/?Author=Mordechai+Shemesh
http://pubs.acs.org/action/doSearch?action=search&author=Shrestha%2C+Suman+L.&qsSearchArea=author
http://pubs.acs.org/action/doSearch?action=search&author=Casey%2C+Francis+X.+M.&qsSearchArea=author
http://nationalhogfarmer.com/
http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=18595786
http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=18595786

- Journal of Agricultural Studies
A\\Mac.rOtthl,;'k ISSN 2166-0379
Institute 2016, \ol. 4, No. 2

Ying, G-G,, Kookana, Ying-Jun Ru, Y-J. (2005) Occurrence and fate of hormone steroids in
the environment. Env. Int. 28, 545 — 551.

Yoshimoto, T., Nagai, F., Fujimoto, J. et al. (2004) Degradation of estrogens by Rhodococcus
zopfii and Rhodococcus equi isolates from activated sludge in 51wastewater treatment plants.
Appl. Environ. Microbiol. 70, 5283-5289.

Yost, E. E., Meyer, M. T., Dietze, J. E. et al. (2013). Comprehensive assessment of hormones,
phytoestrogens, and estrogenic activity in an anaerobic swine waste lagoon. Environ. Sci.
Technol. 47, 13781-13790.

Yu, C. P, Roh, H., & Chu, K. H. (2007) 17 beta-estradiol-degrading bacteria isolated from
activated sludge. Environ. Sci. Technol,41, 486-492.

Zang, K., Kurisu, F., & Kasuga, I. et al. (2008) Analysis of the phylogenetic diversity of
estrone-degrading bacteria in activated sewage sludge using
microautoradiography—fluorescence in situ hybridization. Systematic Appl. Microbiol. 31,
206-214.

Zhang, F., Swanson, S.M., van Breemen, R. B. et al. (2001) Equine estrogen, metabolite
4-hydroxyequilenin induces DNA damage in the rat mammary tissues: formation of
single-strand breaks, apurinic sites, stable adducts, and oxidized bases. Chem Res Toxicol. 14,
1654-659.

Zhang, R.H., Yang, P. Collar, C. A. et al. (2003) Treatment of flushed dairy manure by solid
liquid separation and lagoon aeration’, Paper No. 701P1203, Proceedings of the Ninth
International Symposium on Animal, Agricultural and Food Processing Wastes, Raleigh,
North Carolina, USA, 11-14 October 2003, ASAE.

Zhao, S., Zhang, P., Melcer, M. E. et al. (2010) Estrogens in streams associated with a
concentrated animal feeding operation in upstate New York, USA. Chemosphere 79, 420-425.

Zhu, B. T., & Conney, A. H. (1998) Functional role of estrogen metabolism in target cells:
review and perspectives. Carcinogenesis, 19, 1-27.

Zitnick, K. K., Shappell, N. W., Hakk, H., DeSutter, T. M., & Casey, K. E. (2011) Effects of
liquid swine on dissipation of 17p-estradiol in soil. J. Hazard. Material, 186, 1111-1117.

Copyright Disclaimer

Copyright for this article is retained by the author(s), with first publication rights granted to
the journal.

This is an open-access article distributed under the terms and conditions of the Creative
Commons Attribution license (http://creativecommons.org/licenses/by/3.0/).

106 www.macrothink.org/jas


http://dx.doi.org.ezp3.lib.umn.edu/10.1016/j.syapm.2008.03.005
http://dx.doi.org.ezp3.lib.umn.edu/10.1016/j.syapm.2008.03.005
http://dx.doi.org.ezp3.lib.umn.edu/10.1016/j.syapm.2008.03.005
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhang%20F%5BAuthor%5D&cauthor=true&cauthor_uid=11743748
http://www.ncbi.nlm.nih.gov/pubmed?term=Swanson%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=11743748
http://www.ncbi.nlm.nih.gov/pubmed?term=van%20Breemen%20RB%5BAuthor%5D&cauthor=true&cauthor_uid=11743748
http://www.ncbi.nlm.nih.gov/pubmed/11743748

