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A Survey on Endocrine Disrupting Chemicals in Animal Wastes Treated with Methane
Fermentation
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of Environment & Occupational Medicine, Hanyang University)

ABSTRACT: Concemns about endocrine disrupting chemicals emitted from humans and animals have been
increased because these compounds are detected at very low levels in environment and adversely affect on
indigenous fauna. To date, there is litle information regarding the concentration of these compounds in
animal wastes. In this study, the female hormones, 17p-estradiol (E2), estrone (E1) and estriol, were measured
to provide baseline data in animal wastes. Samples were collected from animal waste storage, methane
digester and sludge separated wastewater and analyzed by gas chromatography-mass spectrometry. To measure
the mass ratios of estrogen to macronutrients, nitrogen and phosphorous were also determined. Sample
collected from animal waste storage had the highest estrogen concentration (98.7 pg/L), while sludge separated
wastewater had the lowest concentration (3.4 1g/L). The mean concentrations of E2 and El in waste storage
sample were 6.8 ug/L and 68.7 ug/L, respectively. In sludge separated wastewater, the mean concentration
of both E2 and E1 were reduced to 2.6 ug/L and 1.9 pg/L, respectively. However, estriol was not detected
in any of the samples collected. Mean ratios of E2 and E1 to macronutrients were significantly different
between the methane wastewater and sludge separated wastewater owing to elimination of solid particles.
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Fig. 1. Schematic drawing of livestock waste treatment system combined methane fermentation and composting.
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Figure 2. Comparison of concentration of steroid
estrogens in animal waste between summer and winter.

Table 1. Molecular structures and physicochemical properties of steroidal estrogens

Property Estradiol (E2)

Estrone (E1)

Molecular structure

Molecular formula Ci1sH403
Molecular weight (g/mol) 2724 288.4
Solubility (mg/L) 39-133 32-13.3
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Table 2. Means and ranges concentration of estrogens in animal waste storage, methane digester and sludge separated

wastewater samples

17B-estradiol Estrone
Sampling location mean range mean range Estriol
(ug/L)
Animal waste storage 6.8° 47-8.6 68.7° 42.9-90.1 N.D.
Methane digester 6.3" 49-8.1 59.8" 48.1-71.2 N.D.
Sludge separated wastewater 26° 1.2-4.0 1.9° 1.1-2.5 N.D.

** Mean values with different superscript letters are significantly different (P < 0.05)

N.D. = not detected
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Table 3. Mass ratio of 17 § -estradiol and estrone to macronutrients in animal wastes collected from storage, digester and

sludge separated wastewater

173-estradiol (E2) to nitrogen (N) and
phosphorus (P) ratio (ppt/ppm)

Sampling location

Estrone (E1) to nitrogen (N) and
phosphorus (P) ratio (ppt/ppm)

E2/N E2/P E1/N E1/P
Animal waste storage 3.2 11.3° 33.9° 110.2°
Methane digester 38 13.2° 34.5° 123.0°
Sludge separated wastewater 1.7° 15° 1.5 8.1

*® Mean values with different superscript letters are significantly different (P < 0.01)




Axeal AE2AY B8 SE 67

S ek ey @A TR $o e gl
Aol g ATE AY o] FojAA] Aoleh meld E AT
olfiE FHEH F o4 TEEOR 4HA 17HE-AE
B, d2EE, dAEEE FN5l i F olAER
A Feo] i 71x2ARE ATt sk FAIA
S SRR i A%E, W' 2312, oY A7z
AN sl FtrametE Ty AFRAYE o) gslo]
ALERA FEE FASGIE w3 dAERA of vEA
T AgulE gobry] g8l Aagl QibE S48 B4
A% 7R Folle v dAERA T2 EAsty
AReH, B AFZANM 987 ug/LE /M B EES
HlHbE oY AA AstelA] 74 e F59) 34 ug/L
2 A B Az AHE AR 17WER A
EZE} oAER Hitsht 6.8 ug/Le 687 ug/L
93, oY AAxE 247 26 ug/L D 1.9 pg/Lz EAE
ATk W o|AEE S BE AFoM AEHA] gty B
BT ZARE 71E R oJAERA Fo] g 7 x4
€ AT F Qo dlaERA 2R A7 el Yt
717E ARaZlele A7 vk web S5EE Fey
T Exd 9 FAMA dis) Azt wolE 1
2 Sle BEAT RAL 79 HE) o7k Ay
ol 9o FBA HAXHT = B9 olrERA Fr
o 24 2 AETH AT gig o177t Aeskh

AL A}

“o] FH-& 2005\ FF(EAAAALN ] AgYow o
TN ETA G A PE wol £3E A7 (KRF-2005-
214-F00043)

ames

Ho

1. WHO (2002) Global assessment of the state-of-the-
science of endocrine disruptors, In: Damsta, T., S.
Barlow, A. Bergman, R. Kevlock, and G. Van Der
Kraak, (Eds.) International programme on chemical
safety.

2. Vethaak, A. D., Lahr, J., Schrap, S. M., Belfroid,
A. C, Rijs, G. B. ], Gerritsen, A., De Boer, ]J.,
Bulder, A. S, Grinwis, G. C. M., Kuiper, R. V.,
Legler, J., Murk, T. A. J., Peijnenburg, W., Verhaar,
H. J. M, and De Voogt, P. (2005) An integrated
assessment of estrogenic contamination and bio-
logical effects in the aquatic environment of The
Netherlands, Chemosphere 59, 511~524.

3. Sarmah, A. K., Northcott, G. L., Leusch, F. D. L.,
and Tremblay, L. A. (2006) A survey of endocrine

10.

11.

12.

13.

14.

disrupting chemicals (EDCs) in municipal sewage
and animal waste effluents in the Waikato region
of New Zealand, Sci. Total Environ. 355, 135~ 144.

. Kavlock, R. (1999) Overview of endocrine disruptor

research activity in the United States, Chemosphere
39, 1227~1236.

. Ryu, J. C. (2002) Overall review on endocrine

disruptors, Kor. J. Pesticide Sci. 6(3), 135~156.

. Shore, L. S. and Shemesh, M. (2003) Naturally

produced steroid hormones and their release into
the environment, Pure Appl. Chem. 75, 1859~
1871.

. Shore, L. S., Shemesh, M., and Cohen, R. (1998)

The role of estradiol and estrogen in chicken
manure silage in hyperestrogenism in cattle, Aust.
Vet. ]J. 65(2), 68~68.

. Veeramachaneni, D. N. R. (2000) Deteriorating

trends in male reproduction; idiopathic of environ-
mental?, Anim. Repro. Sci. 60, 121 ~130.

. Shore, L. S., Kapulnik, Y., Gurevich, M., Wininger,

S., Badamy, H., and Shemesh, M. (1995) Induction
of phytoestrogen production in Medicago sativa
leaves by irrigation with sewage water, Environ.
Exp. Bot. 35(3), 363~369.

Kolpin, D. W., Furlong, D. T, Meyer, M. T,
Thurman, E. M., Zaugg, S. D., Barber, L. B, and
Buxton, H. T. (2002) Pharmaceuticals, hormones,
and other organic wastewater contaminants in
US streams, 1999-2000: a national reconnaissance,
Environ. Sci. Technol. 36, 1202~1211.

Ivie, G. W., Christoper, R. J., Munger, C. E., and
Coppock, C. E. (1996) Fate and residues of [4-C-
14]estradiol-17-beta after intramuscular injection
into Holstein steer calves, J. Anim. Sci. 62, 681~
690.

Palme, R., Fischer, P., Schildorfer, H., and Ismail,
M. N. (1996) Excretion of infused C-14-estroid
hormones via faeces and urine in domestic live-
stock, Anim. Reprod. Sci. 43, 43~63.
Hanselman, T. A., Graetz, D. A., and Wilkie, A.
C. (2003) Manure-borne estrogens as potential
environmental contaminants: A review, Environ.
Sci. Technol. 37, 5471 ~5478.

Lange, I. G., Daxenberger, A., Schiffer, B., Witters,
H., Ibarreta, D., and Meyer, H. H. D. (2002) Sex
hormones originating from different livestock
production systems: fate and potential disrupting




68

eE - A7)

IRk = I s e A

15.

16.

17.

18.

19.

20.

activity in the environment, Anal. Chim. Acta.
473, 27~37.

Raman, D. R., Williams, E. L., Layton, A. C., Burns,
R. T, Easter, J. P., Daugherty, A. S, Mullen, M.
D., and Sayler, G. S. (2004) Estrogen content of
dairy and swine wastes, Environ. Sci. Technol. 38,
3567~ 3573.

Fine, D. D., Breidenbach, G. P., Price, T. L., and
Hutchins, S. R. (2003) Quantification of estrogens in
ground water and swine lagoon samples using solid-
phase extraction, pentafluorobenzyl/trimethylsilyl
derivatizations and gas chromatography-negative
ion chemical ionization tandem mass spectrometry,
J. Chromatogr. A. 1017, 167~185.

APHA. (1995) Standard methods for the exami-
nation of water and wastewater, Eaton, A. D.,
Clesceri, L. S.,, Greenberg, A. E., and Franson, M.
H. (Eds.); American Public Health Association,
American Water Works Association, and Water
Environment Federation: Washington, DC.

SAS. (1998) SAS user's guide : Statistics, SAS Inst.,
Inc., Gary, NC., USA.

Kolodziej, E. P., Harter, T., and Sedlak, D. L.
{(2004) Dairy wastewater, aquaculture, and spawning
fish as source of steroid hormones in the aquatic
environment, Environ. Sci. Technol. 38(23), 6377~
6384.

Shore, L. S., Kapulnik, Y., Ben-Dov, B., Fridman,
Y., Wininger, S., and Shemesh, M. (1992) Effects of
estrone and 17beta-estradiol on vegetative growth
of medicago-sativa, Physiol. Plant 84, 217~222.

21.

22,

23.

24,

25.

26.

Routledge, E. ., Sheahan, D., Desbrow, C., Brighty,
G. C, Waldock, M., and Sumpter, J. P. (1998) Iden-
tification of estrogenic chemicals in STW effluent.
2. In vivo responses in trout and roach, Environ.
Sci. Technol. 32, 1559 ~1565.

Ternes, T., Stumpf, M., Kreckel, P., Mueller, |,
Wilken, R,. and Servos, M. (1999) Behavior and
occurrence of estrogens in municipal sewage treat-
ment plants- I . Investigations in Germany, Canada
and Brazil, Sci. Total Environ. 225, 81~90.
D'Ascenzo, G., Di Corcia, A., Gentili, A., Mancini,
R., Mastropasqua, R, Nazzari, M., and Sampari,
R. (2003) Fate of natural estrogen conjugates in
municipal sewage transport and treatment facilities,
Sci. Total Environ. 301, 199~ 209.

Ericson, J. F., Laenge, R, and Sullivan, D. E.
(2002) Comment on “Pharmaceuticals, hormones,
and other organic wastewater contaminants in US
streams, 1999-2000: A national reconnaissance”,
Environ. Sci. Technol. 36, 4005~ 4006.

Peterson, E. W., Davis, R. K, and Orndorff, H. A.
J. (2000) 17 beta-estradiol as an indicator of animatl
waste contamination in mantled karst aquifers, J.
Environ. Qual. 29(3), 826~834.

Finlay-Moore, O., Hartel, P. G., and Cabrera, M.
L. (2000) 17 beta-estradiol and testosterone in soil
and runoff from grasslands amended with broiler
letter, J. Environ. Qul. 29(5), 1604~1611.




