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1. Intro duc tion

Stud ies have shown that the dis posal of ani mal manures, waste 

water and sew age sludge to agri cul tural land can lead to the trans-

fer of ste roid hor mones like the nat u ral 17b-estra diol (E2) and the 

syn thetic con tra cep tive 17a-eth iny lest ra di ol (EE2) into sur face and 

ground waters (Shore and She mesh, 2003). In soils Fin lay-Moore 

et al. (2000) detected back ground E2 con cen tra tions of 55 ng kg¡1 

which increased to 675 ng kg¡1 through broiler litter appli ca tions. 

Con cen tra tions of estro gens in sur face and ground waters are 

gen er ally low. There, estro gen con cen tra tions vary between 0.5 

and 70 ng L¡1 depend ing on their pol lu tion source (Bel froid et al., 

1999; Ternes et al., 1999). In efflu ents of dif fer ent sew age treat-

ment plants EE2 has been detected in con cen tra tions rang ing up 

to 42 ng L¡1 and E2 con cen tra tion has been found rang ing up to 

64 ng L¡1 (Ying et al., 2002). How ever, these com pounds affect 

repro duc tion and devel op ment of fishes at con cen tra tions as low 

as 1 ng L¡1 (Rod gers-Gray et al., 2000; Va jda et al., 2008). Par tic u-

larly EE2 has an estro genic potency about ten times that of nat u ral 

hor mones (Ran ney, 1977).

Col ucci et al. (2001a,b) inves ti gated the dis si pa tion of E2 

and EE2 in agri cul tural soils and clearly dem on strated dif fer ent 

removal effi cien cies of both com pounds with E2 being degraded 

7-times faster. Other stud ies con firmed a higher sta bil ity of EE2 in 

soils and sed i ments as well as in acti vated sludge (Ying et al., 2004; 

Braga et al., 2005; Ying and Ko o kana, 2005). Under anaer o bic con-

di tions, EE2 was found to be resis tant to bio deg ra da tion while E2 

degraded slowly (Cyn thia and Lon dry, 2006).

Estro gen min er al i za tion seems to be indi rectly reg u lated by 

sorp tion pro cesses but hypoth e ses about this are con flict ing. Some 

stud ies (Casey et al., 2003; Das et al., 2004) report that hor mones 

degrade while pres ent in the soil sorbed phase or rap idly desorb 

to the liquid phase. On the other hand, Weber et al. (2005) inves-

ti gated the E2 and EE2 deg ra da tion in acti vated sludge and attrib-

uted a decrease in hor mone min er al i za tion to sorp tion to solid 

sludge par ti cles.

Fur ther more, con flict ing results about the trans for ma tion of E2 

to E1 are reported. Col ucci et al. (2001a) observed an abi otic oxi da-

tion of E2 to E1, while Ying and Ko o kana (2005) found E2 to only 

be bio trans formed to E1. More over, Cyn thia and Lon dry (2006) 

observed an aer o bic and anaer o bic oxi da tion of E2 to E1 and a 

revers ible inter-con ver sion.

The elim i na tion of estro gens in soils is rel e vant for their envi-

ron men tal fate but very little is known about the estro gen degrad-

ing micro bial com mu ni ties. Tam ag a wa et al. (2006) attrib uted 
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the E1 removal to lig nin o lyt ic enzymes from white rote fungi 

whereas Weber et al. (2005) found E2 and E1 to be degraded by 

a mixed cul ture of Achro mo bac ter xy los ox i dans and Rals to nia sp. 

But they found no EE2 min er al i za tion through bac te rial activ ity 

in the acti vated sludge. Vader et al. (2000) observed EE2 deg-

ra da tion by nitri fy ing bac te ria in acti vated sludge. Chun et al. 

(2006) spiked soils with E2 and detected an increas ing num ber 

of pro te o bac te ria which seem to be E2 degrad ers. Bio trans for-

ma tion of E1 and E2 was attrib uted to the activ ity of Chlo rella 

vul ga ris by Lai et al. (2002).

In gen eral, deg ra da tion of organic com pounds is depen dent on 

their bio avail abil ity and on the abil ity of micro or gan isms to trans-

form and degrade them. Co-metab o lism is one pos si ble mech a-

nism of hor mone deg ra da tion, but has not been inves ti gated so far. 

Some param e ters like pH, tem per a ture and mois ture seem to con-

trol the per sis tence of estro gens in the envi ron ment, espe cially in 

soils (Col ucci et al., 2001a). A study by Vader et al. (2000) indi cates 

that EE2 deg ra da tion may be N-lim ited because the estro gen was 

com pletely degraded by nitri fy ing sludge within 6 d.

Over all, the fac tors con trol ling estro gen deg ra da tion are 

unclear. A com mon approach to elu ci date this is by vary ing cer-

tain soil param e ters. Hamer and Mars ch ner (2005) showed that 

addi tions of eas ily avail able sub strates affected the min er al i za tion 

of soil organic car bon. Pugl is i et al. (2007) reported that sub strate 

addi tions could increase min er al i za tion of phen an threne in soils. 

Rhi zo de po si tion and root exu dates can pro vide such sub strates 

and enhance the deg ra da tion of PAHs in soils (Ka math et al., 2005; 

Rentz et al., 2005). Rentz et al. (2005) sug gested that the increase 

was caused by co-metab o lism through the stim u lated micro bial 

com mu nity.

One objec tive of this study was to inves ti gate the dis si pa tion, 

trans for ma tion and sorp tion of E2, E1 and EE2 in 17 dif fer ent soil 

sam ples with dif fer ent prop er ties and land use. The other objec tive 

was to delin eate some fac tors that con trol the micro bial deg ra da-

tion of the estro gens. There fore, dif fer ent sub strates for the stim-

u la tion and inhi bi tion of micro or gan isms were added to selected 

soils spiked with the estro gens E2 and EE2.

2. Mate ri als and meth ods

2.1. Chem i cals

The unla beled chem i cals 17b-estra diol, estrone and 17a-eth-

iny lest ra di ol were obtained from Sigma Chem i cal Co. (St. Louis, 

Mo, USA). The labeled com pounds [414C]-17b-estra diol, [414C]-

estrone and [1714C]-17a-eth iny lest ra di ol were pur chased from 

Hart mann Ana lytic (Braun schweig, Ger many) and had a radio-

chem i cal purity between 98% and 99%. 17b-Estra diol and estrone 

were 14C-labeled on the C-4 car bon of the ste roid back bone and 

17a-eth iny lest ra di ol had the 14C-label on the ethi nyl group in 

the 17-position. In all cases, the 14C-label was in the most sta ble 

position of the mol e cule so that evolv ing 14CO2 indi cates estro gen 

min er al i za tion.

Glu cose, l-ala nine, cat e chol (Sigma–Aldrich, Ger many), ammo-

nium nitrate, the anti bi otic strep to my cin (VWR, Ger many) and 

untreated, ground saw dust (JRS, Rosen berg Ger many) were used 

as unla beled sub strates.

2.2. Soils

Top soil sam ples (Table 1) were taken from two grass land sites, 

two for est sites and 14 agri cul tural fields, air-dried and sieved 

(<2 mm).

Two soils were col lected from a long-term exper i men tal field 

in Mete len (Ger many) of a cat tle-grazed grass land (Mg) and of a 

con trol plot with out graz ing (Mco).

Three of the agri cul tural soils are from an exper i men tal field 

oper ated from 1969 to 2004 near Cologne where dif fer ent organic 

soil amend ments were tested for their potential to enhance organic 

mat ter accu mu la tion (Dels chen, 1999). Sam ples were col lected 

from all four rep li cates of the con trol (NPK fer til iza tion) (Kco), the 

sew age sludge (Kss) and manure treat ments (Km).

Two agri cul tural soils were taken from another long-term 

exper i men tal field in Halle (Ger many) from plots with manure 

treat ments (Hm) and the con trol plot (Hco) with NPK fer til-

izer.

Six agri cul tural soil sam ples are from a long-term field exper-

i ment in Gum pen stein (Aus tria) which was estab lished in 1962. 

Three of the treat ments manure (Gm), liquid manure (Glm) and 

NPK fer til izer as con trol (Gco) from cropped (c) as well as from fal-

low (f) plots were selected.

Two agri cul tural soils are from Ha ma pil (Israel) an avo cado 

orchard which has plots with a 15-year his tory of waste water 

and fresh wa ter irri ga tion. No data is avail able on past waste 

water param e ters but a high load of organic con stit u ents can be 

assumed. Soils were col lected from all four rep li cates of the fresh-

wa ter con trol (HAM fw) as well as for the waste water irri gated plot 

(HAM ww).

The for est soils were sam pled in two dif fer ent for est sites in 

Bochum (Ger many). The sites are under for est, with spruce for-

est grow ing at Bochum Lang end reer (BOl) and beech and oak at 

Bochum Ber gen (BOb).

2.3. Batch sorp tion exper i ments

Sorp tion of [414C]-17b-estra diol, [414C]-estrone and [1714C]-

17a-eth iny lest ra di ol on the c-irra di ated test soils (Table 1) was 

deter mined in batch exper i ments in 0.01 M CaCl2 with hor mone 

con cen tra tions of 120, 60, 12, 6 and 1.2 lg g¡1.

Table 1

Phys i cal and chem i cal char ac ter is tics of the soil sam ples.

pH SOC C/N Sand Silt Clay

[0.01 M CaCl2] [%] [%] [%] [%]

Mete len(gras land)

Mg 4.7 3.5 10.8 86 5 5

Mco 4.4 3.3 11.8 84 6 4

Köln (field)

Kss 7.2 1.1 7.7 12 56 18

Km 7.2 1.0 7.8 13 58 18

Kco 7.4 0.7 7.2 13 53 18

Halle (field)

HALm 6.1 1.6 10.8 69 20 7

HAL co 5.5 1.3 12.1 68 18 10

Gum pen stein (field)

Gmc 5.9 3.1 9.1 43 37 14

Glc 5.4 2.3 8.5 44 36 14

Gcoc 4.2 2.0 8.3 42 36 15

Gmf 6.1 3.5 9.3 45 35 14

Glmf 5.6 2.5 8.7 46 35 13

Gcof 5.2 2.2 8.7 42 35 15

Ha ma pil (orchard)

HAM ww 7.3 1.5 10.3 82 6 10

HAM fw 7.3 1.5 10.1 77 4 14

Bochum (for est)

BOb 3.9 3.4 14.6 6 67 15

BOi 4.0 22.3 23.0 12 59 9

Sam ples from grass land and for est sites were col lected from 0 to 10 cm. Sam ples 

from field and orchard soils were taken from depths of 0 to 30 cm. All val ues rep re-

sent means (n = 3). SOC indi cates soil organic car bon.
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