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Livestock production sites, including feedlots and dairies have recently undergone close scrutiny 
for their contribution of endocrine disruptor residues to the environment via their manure. 
Environmental contaminants that adversely affect reproduction and development through 
alterations in endocrine functions in humans and wildlife have been identified as an issue of global 
concern by the World Health Organization. In the current review, a summation of the history of 
growth promotant development in the U.S. is discussed, along with estimations of relative 
contributions of natural androgenic, estrogenic, and gestagenic compounds from natural 
( endogenous sources) as well as from synthetically provided growth promotant implants. As a 
result of this relative quantitation, estradiol and zeranol from implants provide only 1.54% of the 
estrogenic compounds that could potentially be excreted from the entire U. S. cattle herd (beef and 
dairy), while progesterone from implants is 0.31 % of the gestagens that would be produced by the 
entire U.S. cattle herd. However, testosterone and trenbolone acetate from implants could 
potentially contribute 66.42% of the total androgenic hormones produced by the U.S. cattle herd in 
a scenario which assumes that there is no degradation of these hormones within the animal. 
Additionally, several potential human and environmental implications of endocrine disruptors and 
potential mitigations solutions, such as photolysis of testosterone, 17f3-estradiol, and progesterone 
are discussed. 

INTRODUCTION AND HISTORICAL BACKGROUND 

Throughout history, endogenous hormones and their metabolites from animal and human 
populations have been reaching the environment. However, the quantity and concentration of 
hormones and their metabolites within a localized area that is reaching the environment are 
increasing as populations grow, and livestock production becomes more concentrated, as producers 
are driven to produce more food with less land. There has been a recent increase in the interest 
surrounding the hormonal disrupting activity of compounds from both natural and anthropogenic 
sources, due to several recent studies which indicate adverse impacts of steroid hormones in the 
environment (de Voogt et al., 2003, Jobling and Tyler, 2003, Kidd et al., 2007, Kolpin et al., 2002, 
Tyler et al., 1998). However, to date there have been few controlled experiments specifically 
addressing this issue. 

While there is an increased awareness of the potential environmental impacts associated with 
potential endocrine disruptor residues from livestock operations, the literature regarding this area of 
study is fraught with multiple deficiencies in the published knowledge about the subject. With such 
an increase in the demand for such knowledge, the Environmental Protection Agency has recently 
begun funding several studies to address the source and fate of these potential endocrine disruptors. 
While there are numerous field level studies that address the issues, many are limited by lack of 
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proper replication of experimental units, analytical difficulties, and inadequate controls of 
influential environmental factors. However, this area of research is rapidly growing and the 
knowledge of the role of potential endocrine disruptors released from livestock operations into the 
environment is increasing. 

The U.S. Food and Drug Administration (FDA) first approved the use of hormone implants 
containing estradiol benzoate/progesterone in 1956 for increasing growth, feed efficiency, and 
carcass leanness of cattle. Subsequent implants containing testosterone, trenbolone acetate, 
zeranol, and a myriad of combinations of these hormones were later developed and approved for 
use in cattle by FDA. Currently, there are five hormones/xenobiotics (progesterone, testosterone, 
estradiol-17-B, zeranol, and trenbolone acetate) that have been approved for implants in cattle in the 
U.S (Center for Veterinary Medicine, 1986, 1996, 1998, 1999, 2001, 2002, 2005a, 2005b). While 
there are additional growth promotants which may have unintended endocrine disruptive effects, 
the focus of this paper will be on endogenously produced sex hormones and hormones/ hormone 
analogs from subcutaneous growth implants. 

HUMAN METABOLISM OF HORMONES/TOXICOLOGICAL IMPLICATIONS 

Estradiol, progesterone and testosterone are naturally occurring hormones that are present in 
humans, although the amounts vary with age, sex, diet, exercise, and with pregnancy and stage of 
the menstrual cycle in females. Additionally, humans may ingest steroid hormones as hormone 
replacement therapies, for contraception, or via contaminated drinking or food supplies. The 
systemic presence of these hormones may be as unbound compounds or attached to hormone 
binding proteins. Currently, the endocrine disrupting compound to receive the greatest amount of 
attention is estradiol-17-B. Estradiol-17-B is present in relatively high concentrations in newborn 
males and females, but concentrations drop rapidly after parturition. In adult males, estradiol 
(primarily in the bound form) concentrations are typically in the range of 20-40 pg/ml serum 
(Raben et al., 1992, Rubens and Vermeulen, 1983). In adult females, serum estradiol 
concentrations will vary between 40 and 400 pg/ml over the course of 28 d (Rubens and 
Vermeulen, 1983). 

Children and the fetus in utero are considered at greater risk from exposure to hormones because 
their normal physiological hormone concentrations are much lower than adults. For example, a 
study using a radio-immunoassay indicated that estradiol concentrations in prepubertal boys and 
girls were 2.6 and 4.5 pg/ml, respectively (Potau et al., 1999). However, other researchers reported 
serum estradiol concentrations of0.08 pg/ml in boys and 0.6 pg/ml in girls using a recombinant 
yeast assay (Klein et al., 1994). However, it should be noted that inter- and intra-assay variation of 
these very low estradiol concentrations was reported to be 50-60% (Klein et al., 1994). 

It should also be noted that oral intake of estrogens generally results in very poor bioavailability 
due to extensive metabolism after absorption from the gut. For example, a micronized estradiol 
dose was found to be only 0.1-12% bioavailable and hormone replacement therapy with a daily 
dose of 0.625 mg of conjugated estrogens produces serum estradiol levels of approximately 40 
pg/ml in postmenopausal women (O'Connell, 1995) 
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Although hormones are essential for various normal physiological processes in the body, excessive 
amounts may have detrimental effects. The most controversial and best documented is the effects 
of estradiol. Estradiol stimulates cell division in hormonally sensitive tissues, which may increase 
the possibility for accumulation of random errors during DNA replication. This increase in cell 
proliferation has also been documented to stimulate the growth of mutant cells (Henderson and 
Feigelson, 2000). While the literature in this area is too extensive to adequately cite in this 
manuscript, two epidemiological studies that may be used as an introduction are Ross et al. (2000) 
and Schairer et al. (2000). 

SEX STEROIDS IN FARM ANIMALS (METABOLISM AND EXCRETION AND 
ENVIRONMENTAL IMPLICATIONS) 

As previously mentioned, regulation of behavior, morphogenesis and functional differentiation of 
the reproductive system are governed by sex steroids throughout the life cycle. The major 
endogenous source of estrogens are the granulose cells of the ovarian follicles and placental tissues 
in female and the testis in males. Androgens are primarily derived from the Leydig cells of the 
male testes, but are also produced by the female ovary and the adrenal cortex. The gestagens 
(including progesterone) are synthesized by the corpus lutea, the placenta, and the adrenal cortex. 
After conjugation, hydroxylation, reduction, oxidation or, to a minor extent, without metabolism, 
steroids are excreted via bile and feces, or in urine, primarily as water-soluble glucuronides or 
sulphates (Lange et al., 2002). According to Erb et al. (1977), metabolism and removal of steroids 
by the mammary gland is of minor importance. 

Lange et al. (2002) provided a very thorough summarization of naturally excreted sex steroid 
metabolites from a variety of livestock, including cattle, swine and poultry. In this review, it was 
estimated that total daily excretion of estrogens from calves was 45 µg, 299 µg from cycling cows, 
and 540 µg from bulls. Total sex hormone excretions as summarized by Lange et al. (2002) are 
presented in Table 1. 

Pharmaceuticals often have similar physico-chemical behavior to endogenously synthesized 
steroids, e.g. are lipophilic, in order to be able to pass through membranes and are persistent in 
order to achieve an effect. These properties may lead to bioaccumulation and provoke effects in 
the aquatic and terrestrial ecosystems (Halling-Sorensen et al., 1998). Estradiol is one of the main 
female sex hormones and the structural backbone for the engineering of some synthetic estrogens 
such as 17 a-ethynyl estradiol utilized in human hormone treatments including birth control pills 
(Kuster et al., 2004). In addition, three potent synthetic chemicals with estrogenic (zeranol), 
gestagenic (melengestrol acetate) and androgenic (trenbolone acetate) action are widely used for 
growth promotion in cattle, however, these sex hormones and their metabolites do not occur 
naturally in animals and humans (Andersson and Skakkebaek, 1999). Table 2 presents a 
summation of the concentrations of hormones and hormone analogs in several popular implants. 
Additionally, USDA (2000) summarized that across all operations melengestrol acetate was fed to 
78.8 % of all female cattle within feedlots. While Randel et al. (1973) indicated that feeding 
melengestrol acetate to dairy heifers decreased estradiol excretion, however, there is very limited 
data to quantify this decrease in beef cattle. 
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Table 1. Estimates of annual steroid hormone excretion by U.S. beef and dairy cattle (Lange et al., 
2002; USDA 2007) 

Category 
Annual output/head 

Calves 
Cycling cows 
Pregnant cows 
Bulls 

U.S. 2006 inventory 
Calvesa 
Cycling cowsb 
Pregnant cowsc 
Steersd 
Bulls 
Total 

Total steroids 

Estrogens (mg) 
16 

110 
990 
200 

Number head 
15465300 
19983900 
42056400 
16933100 
2262800 

96701500 

produced in 2006 Estrogens (kg) 
Calves 247 
Cycling Cows 2,198 
Pregnant Cows 41,636 
Bulls 453 
Total 44,534 

Androgens (mg) 
120 (male) 

390 

Androgens (kg) 
928 

0 
0 

882 
1810 

a Using calves less than 500 lbs and assumes 50% males. 
b Using cows and heifers that calved (USDA, 2007) 

Gestagens ( mg) 

3200 
4400 

Gestagens (kg) 
0 

63,948 
185,048 

0 
248,997 

c Using beef heifer replacements, dairy heifer replacements, and heifers 500 lbs+ other (USDA, 2007) 
d Assumed to have negligible production of steroid hormones 

To the best of our knowledge, the most thorough survey of implant usage (Table 3) and type (Table 
4) is the Baseline Reference of Feedlot Management Practices, 1999 (USDA, 2000). Although 
practices within the industry have likely changed over the past 8 years, these data will provide a 
justifiable reference that will be somewhat representative of current industry practices. It is 
important to note that unlikely to be wholly accurate, the following summations are provided to 
allow a relative estimate of the quantity and type of implants in use. 
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Table 2. Quantity of hormones in selected growth promoting implants with approval for use in 
feedlot heifers and/ or steers. 

Trenbolone Anabolic 
Estradiol Progesterone Testosterone Acetate Zeranol Effect 

Im:Qlant (mgt (mg} (mg} (mg} (mg} (days} 
Synovex-C 7.2 100 0 0 0 120 
Compudose 25.7 0 0 0 0 168 
Encore 43.9 0 0 0 0 336 
Synovex-S 14.4 200 0 0 0 120 
Component-ES 14.4 200 0 0 0 120 
Synovex-H 14.4 0 200 0 0 120 
Component-EH 14.4 0 200 0 0 120 
Ralgro 0 0 0 0 36 70 
Ralgro Magnum 0 0 0 0 72 70 
Finaplix-H 0 0 0 200 0 105 
Component TH 0 0 0 200 0 105 
Revalor-IS 16 0 0 80 0 120 
Component TE-IS 16 0 0 80 0 120 
Synovex T80 16 0 0 80 0 120 
Revalor-IH 8 0 0 80 0 120 
Component TE-IH 8 0 0 80 0 120 
Synovex-Choice 10 0 0 100 0 120 
Revalor-S 24 0 0 120 0 120 
Component TES 24 0 0 120 0 120 
Synovex Tl20 24 0 0 120 0 120 
Revalor-H 14 0 0 140 0 120 
Component TEH 14 0 0 140 0 120 
Revalor-200 20 0 0 200 0 120 
Synovex-Plus 20 0 0 200 0 120 
Average of 14 0 0 129 0 
implants with 
Trenbolone 
Acetate 
Average of 15 56 44 0 12 
implants without 
Trenbolone 
Acetate 
a Represents quantity of actual estradiol (i.e. not estradiol benzoate) 

To help provide a relative quantitation of hormones that are provided to U.S. feedlot cattle, a series 
of calculations was performed. Initially, the theoretical number of steers placed in feedlots within 
the weight categories of less than 700 lbs or greater than 700 lbs live weight at placement that 
received one, two, or three implants was derived by multiply~g USDA (2007) summation of cattle 
within each of these weight classes by the proportion of cattle within all operation to have had 0, 1, 
2, or 3+ implants (Table 5). A similar operation was performed using placement data from Table 5 
and the proportions of cattle to receive either anabolic or estrogen type implants, within 
categorization of implant number to generate a theoretical number of cattle to receive either a 
anabolic or estrogen type implant (Table 6). The same procedure was also conducted with cattle 
implanted 2, and 3+ times, although these populations were respectively doubled or tripled to 
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reflect the increased number of implants used ( data not shown). For this calculation, it was 
assumed that the number of cattle receiving 4 implants was likely negligible. Then, for each 
subcategory of implantation number, an average concentration of growth promotant hormones 
within major androgenic and estrogenic implants (Table 2) was multiplied by the number of 
implanted cattle calculated in the previous step (Table 6) to determine the quantity of each growth 
promotant hormone provided within cattle given 1 (Table 7), 2, or 3 implants. The summation of 
these calculations is provided in Table 8. 

Table 3. Annual percent of steers and heifers by number oftimes implanted (by the operation) and 
by operation capacity and weight group within U.S. feedlot operations (USDA, 2000). 

Number of times 
implanted 

0 
1 
2 
3 or more 

0 
1 
2 
3 or more 

Operation capacity (number head) and weight at placement 
1,000-7,999 8,000 or more All operations 

% 

5.7 
24.1 
66.8 

3.4 

8.4 
66.0 
25.6 

0.0 

% 

Steers and heifers less than 700 lbs. 
1.2 

17.0 
75.3 

6.5 
Steers and heifers more than 700 lbs. 

1.7 
67.0 
30.8 

0.5 

% 

1.9 
18.1 
74.0 

6.0 

2.8 
66.8 
30.0 

0.4 

Thus, estradiol and zeranol from implants provide only 1.54% of the estrogenic compounds that 
could potentially be excreted from the entire U. S. cattle herd, while progesterone from implants is 
0.31 % of the gestagens that would be produced by the entire U. S. cattle herd. However, 
testosterone and trenbolone acetate from implants could contribute 66.42% of the total androgenic 
hormones produced by the U.S. cattle herd. As indicated before, there are many obvious errors 
with this method, it assumes all represented implants are used equally, it does not account for the 
almost complete cessation of sex steroid hormone production during the extensive amount of time 
that dairy cattle spend in lactation, and it assumes that 100% of implanted hormonal material is 
excreted from the animal unchanged, etc. This "worst case" scenario intentionally magnify the 
potential influence of natural versus anthropogenic sources of potential endocrine disruptors that 
are released from the U.S. cattle herd, not to be used as a "true" estimate of hormone release from 
livestock operations. By using this approach, it becomes much more apparent where greater 
research is needed to remediate potential deleterious environmental effects from implanted animals. 
However, the concentrated animal feeding operations (CAFOs) still need to consider the problems 
associated with the high concentrations of natural hormones produces at these installations. 

Environmental contaminants that adversely affect reproduction and development through 
alterations in endocrine functions in humans and wildlife have been identified as an issue of global 
concern (World-Health-Organization, 2002). Fish clearly have been affected by endocrine 
disrupting substances in the environment (Woodling et al., 2006, Jobling and Tyler, 2003; Thorpe 
et al., 2001; Tyler et al., 1998). For example, masculinization of fish exposed to discharges from 
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pulp and paper mill effluents and runoff from beef feedlots has been reported and been associated 
with in vitro androgenic activity of water samples from affected sites (Jenkins et al., 2003; Larsson 
et al., 2000; Larsson et al., 2006; Orlando et al., 2004). Different lines of evidence suggest that 
steroidal chemicals could contribute to androgenic activity of feedlot discharges (Jensen et al., 
2006), and Kidd et al. (2007) demonstrated the collapse of a fish population in an isolated lake 
system treated with a synthetic estradiol. 

Table 4. Annual percent of steers and heifers that are implanted with a specific type of growth 
promotant when only one growth promotant is used (by the operation) and by operation capacity 
and weight group within U.S. feedlot operations (USDA, 2000). 

Implant type 

An androgenic implant (trenbolone acetate 
containing product) alone or in combination 
with other growth promotants 

An estrogenic implant containing estrogen, 
estrogen-like progesterone, testosterone, or a 
combination of these growth promotants 

An androgenic implant ( trenbolone acetate 
containing product) alone or in combination 
with other growth promotants 

An estrogenic implant containing estrogen, 
estrogen-like progesterone, testosterone, or a 
combination of these growth promotants 

Operation capacity (number head) and weight at 
placement 

1,000-7,999 8,000 or more All operations 
% % % 

Steers and heifers less than 700 lbs. 

29.6 45.8 42.3 

70.4 54.2 57.7 
Steers and heifers more than 700 lbs. 

59.7 59.0 59.1 

40.3 41.0 40.9 

Table 5. Theoretical annual number of steers and heifers by number of times implanted (by the 
operation) and by weight group within U.S. feedlot operations using USDA NASS (2006) and 
USDA (2000) data. 

Number of times 
implanted 
0 
1 
2 
3 or more 
Total 

Weight at placement 
Less than 700 lbs. More than 700 lbs 

Number head 
220,457 

2,100,143 
8,586,220 

696,180 
11,603,000 

100 

Number head 
335,776 

8,010,656 
3,597,600 

47,968 
11,992,000 



Table 6. Theoretical annual number of steers and heifers that are implanted with a specific type of 
growth promotant when only one growth promotant is used (by the operation) and by weight group 
within U.S. feedlot operations using USDA NASS (2006) and USDA (2000) data. 

Type of implant 
An androgenic implant (trenbolone acetate containing 
product) alone or in combination with other growth 
promo tan ts 
An estrogenic implant containing estrogen, estrogen-like 
progesterone, testosterone, or a combination of these 
growth promotants 
Total 

Weight at placement 
Less than 700 lbs. More than 700 lbs 

Number head 

888,360 

1,211,783 
2,100,143 

Number head 

4,734,298 

3,276,358 
8,010,656 

Trenbolone acetate is being released from ear implants to the blood where it is hydrolyzed to 17B
trenbolone and 17 a-trenbolone whereafter they are being excreted through feces and urine (Schiffer 
et al., 2001). 17B-trenbolone and 17a-trenbolone are potent androgen receptor agonists in 
mammals and cause decreased fecundity (egg production) in fish (Jensen et al., 2006; Wilson et al., 
2004), and both of the metabolites have long half-lives of about 260 days in liquid manure and can, 
therefore, lead to a potential ecological risk if discharged from feedlots (Jensen et al., 2006; 
Schiffer et al., 2001). However, it should be noted that the majority of these studies have occurred 
in an uncontrolled setting with the potential for multiple inputs of these potential endocrine 
disruptors. However, while there is some literature on the environmental influence oftrenbolone 
acetate, it is clear from the data presented in this paper that while trenbolone acetate may not be 
considered by most to be as potent of an endocrine disruptor as the estradiols, the proportion of 
androgenic hormones released from U.S. cattle herd that is associated with trenbolone acetate from 
implants could be vastly impacted by altering their use by feedlots. However, the "worst case 
scenario" presented in this manuscript also does not take into account the anecdotal information 
that would indicate that the U.S. cattle industry is trending towards less aggressive implants (i.e. 
less trenbolone acetate), primarily to relieve certain behavioral and carcass issues. 

Several studies provide evidence that testosterone and estrogens are strongly sorbed to soils (Casey 
et al., 2005; Das et al., 2004; Hanselman et al., 2003; Lee et al., 2003) and thus, likely to 
accumulate in soils and in river sediments (Kuster et al., 2004). Hormone sorption has been 
correlated to soil particle size and organic matter content, although testosterone is not as strongly 
sorbed to soil as 17~-estradiol (Casey et al., 2004; Lange et al., 2002). It has been shown that 
testosterone is degraded in agricultural soils in conditions simulating a temperate growing season 
(Lorenzen et al., 2000). Shore and Shemesh (2003) measured testosterone in ground water but 
stated that estrogen remains in the topsoil due to its strong sorption potential. 
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Table 7. Theoretical annual input of hormones into steers and heifers that are implanted with a 
specific type of growth promotant when only one growth promotant is used (by the operation) and 
by weight group within U.S. feedlot operations using USDA NASS (2006) and USDA (2000) data 
and average hormone concentrations in implants. 

Hormone type and weight at placement 
Progesterone Testosterone Trenbolone 

Implant Estradiol (kg) (kg) (kg) Acetate (kg) Zeranol (kg) 

Androgenic 
implant 
Estrogenic 
implantb 
Total 

Androgenic 
implant 
Estrogenic 
implantb 
Total 

13 

18 

68 

49 
147 

0 

67 

0 

182 
249 

Less than 700 lbs 

0 

54 

More than 700 lbs 

0 

146 
199 

115 

0 

612 

0 
727 

0 

15 

0 

39 
54 

aAn androgenic implant (trenbolone acetate containing product) alone or in combination with other growth 
promotants. 
bAn estrogenic implant containing estrogen, estrogen-like progesterone, testosterone, or a combination of 
these growth promotants. 

Table 8. Theoretical input of all hormones into steers and heifers that are implanted with growth 
promotants once, twice, or three times a within U.S. feedlot operations using USDA NASS (2006) 
and USDA (2000) data and average hormone concentrations in implants. 

Hormone type and weight at placement 
Number of 
times Progesterone Testosterone Trenbolone 
implanted Estradiol (kgt (kg) (kg) Acetate (kg) Zeranol (kg) 
1 147 249 199 727 54 
2 353 467 373 2065 101 
3 32 48 38 178 10 
Total 533 764 611 2970 165 
a Assumes that the number of cattle implanted 4 or more times is negligible. 

Despite the quantity of literature indicating the strong sorption of hormones to soils, the presence of 
hormones in runoff and leachate from agricultural lands has also been well documented (Kjar et al., 
2007; Kolodziej and Sedlak, 2007). Trenbolone acetate has been detected in beef feedlot runoff 
(Durhan et al., 2006; Jensen et al., 2006), testosterone and 17~-estradiol have been detected in 
runoff from poultry litter surface-applied to pastures (Finlay-Moore et al., 2000; Nichols et al., 
1997), and estradiol has been found in ponds impacted by runoff from beef cattle on pastures (Cole 
et al., 1979). Contamination of water resources may occur through runoff and/or leaching of 
hormones in manure applied to agricultural fields and grazing cattle (Kuster et al., 2004; Kjar et al., 
2007; Kolodziej and Sedlak, 2007). However, little is known about transport paths and mobility of 
hormones from livestock facilities and land application sites to water. However, under the 2005 
final rule by EPA, and current Nutrient Management Plan regulations, it is unlikely that feedlot 

102 



runoff would be capable of directly reaching water resources, though the risk of leaching can not be 
eliminated. However, the chance greatly increases as manure from these operations is applied to 
crop and pasture lands. 

Currently, the degradation pathways of hormones are not clearly defined. The fate of estrogen 
conjugates is not well known, but it is often assumed that common fecal microorganisms such as 
Escherichia coli are capable of hydrolyzing them via glucuronidase and sulfatase enzymes to 
unconjugated forms (Belfroid, 1999); however, it is questionable if this assumption is valid for 
estrogen sulfates since they are often observed in sewage treatment works (Ternes et al., 1999a; 
Ternes et al., 1999b ). Limited research has evaluated the stability of conjugated estrogens in 
manure (Hanselman et al., 2003). Degradation studies ofunconjugated estrogens in soil, water and 
manure have been conducted for several years, and the literature was recently reviewed by 
Hanselman et al.(2003). Recently, Jones et al. (2007) demonstrated photolysis of 17~-estradiol, 
testosterone, and progesterone by light in the UV A range (305 to 410 nm) in a phosphate buffered 
media at pH 5.5. Additionally, it was indicated that both progesterone and testosterone were 
directly photolyzed, while 17~-estradiol was indirectly photolyzed in the presence of organic 
matter. The effectiveness of a lagoon-constructed wetland treatment system for producing an 
effluent with a low hormonal activity was recently investigated. Shappell et al. (2007) found that 
the nutrient removals were typical for treatment wetlands: TKN 59-75% and orthophosphate 0-
18%. Wetlands decreased estrogenic activity by 83-93% in the swine wastewater and estrone was 
found to be the most persistent estrogenic compound. Constructed wetlands produced effluents 
with estrogenic activity below the lowest equivalent E2 (17~-estradiol) concentration known to 
have an effect on fish (10 ng/L) (Shappell et al., 2007). 

TAKE-HOME MESSAGE 

While there is justifiable concern regarding the influence of potential endocrine disruptors released 
from feedlot and dairy operations, the quantity of estrogens and gestagens from anthropogenic 
sources, such as implants is minimal, while the amount of androgens from these sources is quite 
significant. Additionally, there are new and promising mechanisms, such as controlled photolysis, 
which may provide solutions to degrading endocrine disruptors in dairy and feedlot waste streams 
as well as lagoon-constructed wetland treatment systems for animal wastewater. 
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