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Fig. 14. Mean (non log-transformed) E2 concentrations from the 2007 Injection site for each 

sample date.  Values are averaged across replicate core locations. 
 
 
Neither of the cases of manure application showed strong evidence of an effect on E2 
concentrations. High Spring concentrations at both sites appeared related to temporal trends, 
likely related to climatic variables, across the farm rather than the manure treatments. 
 

Toxicological Comparisons 
Porewater E2 concentrations found on the study site were within the range of concentrations 
found to impact wildlife. Hanselman et al. (2003) cited 10-100 ng L-1 as the threshold of concern 
for aquatic organisms.  Panter et al. (1998) reported that male fathead minnows in water with 30 
ng L-1 E2 for 21d exhibited vitellogenin production and abnormal testicular growth.  Irwin et al. 
(2001) found 1-7 ng L-1 for 28 d caused female turtles to have increased vitellogenin.  Peterson et 
al. (2000) found that salmon in waters with 250-50,000 ng L-1 had 84-100% females, compared 
to about 50% in control ponds.  Thorpe et al., (2003) reported the “predicted-no-effect-
concentration” to be 1.0 ng L-1 and a lowest observable effect level (LOEL) affecting 
vitellogenin production in juvenile female rainbow trout to be 14 ng L-1.  The overall mean 
porewater concentration in this study (65±16.8 ng L-1) was four times this published LOEL.  
 

Consideration of E2 Sources 
One of the purposes of this study was to investigate possible causes for elevated E2 on sites 
without manure applications indicated by Thompson (2005).  The results of this study were 
similar to Thompson (2005), which indicated that concentrations in the field had little 
relationship to manure applications, and were related to other trends and factors, principally 
precipitation.  The presence of E2 detections on non-manured sites, that were similar to 
application sites, seems to indicate that E2 may be widespread in some soil environments.  This 
raises the question of what the sources may be.  Without detailed historic documentation, there 
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was the possibility that manure could have been applied at some time, however, the dissipation 
rates of E2 indicated that it should not persist long in the environment.   
  
Identifying potential ongoing sources other than manure applications may be a worthwhile 
research objective.  For example, the natural fauna of a soil environment, including insects, 
arthropods, and amphibians, which are common in agricultural fields may provide sources of E2 
that have not been previously considered. Experiments recreating a controlled environment for 
soil fauna and testing their effect on soil E2 may be productive.  Another possibility may be the 
uptake and preservation of E2 in plant roots, although, there is no indication in the literature that 
this is probable.  While the occurrence of vertebrate steroids in plants is rare, estrone has been 
found in some plants, such as in pomegranates and apple seeds (Shore and Shemesh, 2003; Choi 
et al., 2006).  These are not common crop plants in North Dakota.  However, the fact that 
hormones related to estradiol are found in some plants shows that they may be present in others.  
Finally, field reconnaissance studies in other environments, where livestock are not present and 
where predominant farming practices consist of cash cropping may be useful to test the 
limitations of the ubiquity of E2.  
 

CONCLUSIONS 
A whole farm field reconnaissance study to detect the soil concentrations of 17ß-estradiol was 
conducted on a swine farm in southeastern ND.  Sites were selected for proximity to different 
manure sources (i.e. one near a manure pile, one near a manure lagoon, one near a compost heap, 
one with surface applied manure slurry, one with injected manure slurry and one with no known 
manure history).  Two years (2006-2007) and five sample sets that are stratified with depth on 
six sites have indicated no detectable effects from the addition of manure slurry that was either 
surface applied or injected.  Detections of E2 were widespread, regardless of treatment history 
and soil conditions.  These results were similar to a lysimeter study conducted on the same farm 
by Thompson (2005).  Concentrations were significantly different between sites, sample sets, 
and depth intervals.  The largest overall mean concentration was detected on the site for which 
there was no known application history.  17ß-estradiol was detected at all depths on all sites.  
Highest concentrations of E2 were in the upper soil profile, while higher frequencies of 
detections were in the lower soil profile.  Significant differences between sample sets represent a 
time progression with increasing E2 in fall 2006 that continued to increase in spring 2007 and 
then decrease by fall 2007.  The time progression of detections appeared to have no relationship 
to seasonal fluctuations.  The main factors affecting E2 concentrations appeared to be climate 
and hydrology.  Increasing E2 concentrations appeared to correspond to increasing precipitation 
for all sites of this study and for the previous study conducted by Thompson (2005) on the same 
farm.  Elevated concentrations in some soil profiles seemed to indicate that high E2 
corresponded mainly with elevated moisture in the upper soil profile, but elevated concentrations 
also appeared to correspond to the depth of the water table on others, indicating that some E2 
could be moving in the soil profile through preferential flow to the water table and then 
following the water table as it fluctuated. Concentrations exhibited significant relationships with 
transformed sand, clay, and organic matter.  Relationships were not simple, however, and varied 
with positions in the soil profile. Concentrations increased with increasing coarseness in the 
lower soil profile and decreased with coarseness in the upper soil profile. Greater concentrations 
with finer soils in the upper profile may indicate the release of sorbed E2 from clay surfaces 
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during wetting or from the loss of sorption sites caused by the breakdown of organic matter 
under moist conditions following precipitation.  Release from wetting alone would not be a 
likely cause, since all soil samples were extracted using a 200 ml aqueous solution.  A 
consequence of sorption would be less leaching.  The higher concentrations with increasing 
coarseness in the lower profile may indicate the effects of leaching, or may be a consequence of 
E2 left in solution because of the lack of sorption in the lower profile after transport.  Organic 
matter effects were similar to clay, with decreasing E2 concentrations corresponding to 
decreasing organic matter.  Because organic matter is frequently associated with clay particles, 
one may serve as a surrogate for the other, or both may be affecting concentrations. Depth 
interaction effects of organic matter were similar to clay.  There was no significant relationship 
between bulk density and E2 concentrations.  17ß-estradiol was detected on 42.3% of all samples 
collected, with no detects in 57.7% of the samples.  The range of individual pore water 
concentrations for all sites was  0-7,712 ng L-1 with a mean value for all of 65 ng L-1.  These 
compare with the published lowest observable toxicological effect level of 14 ng L-1 (Thorpe et 
al., 2003).  These results indicate that E2 may be widespread in some soil environments.  They 
also raise the possibility of other unidentified sources than livestock manure. 
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