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  The environmental fate of biosolids application to 
agricultural fields is being investigated, focusing on 
nitrate levels and pharmaceuticals in a shallow 
sedimentary fractured bedrock aquifer. 
  Biosolids are rich in organic material and nutrients 
that can be recycled into the environment to implement 
or substitute chemical fertilizers. Application of these 
soil amendments on agricultural land is a growing 
practice, it is economically beneficial for farmers and a 
great disposal alternative for organic solids. 
  Biosolids treatments conducted at wastewater 
treatment plants, and even post treatments like the 
Advanced Alkaline Stabilization with Subsequent 
Accelerated Drying used in this project, are effective for 
metals and pathogen removal. However, these 
processes do not completely remove emerging 
substances of concern and the use of biosolids can also 
impact nitrate levels in soil and groundwater. 

Objectives: 
•  Monitor the transport of nitrate and various 

pharmaceuticals into the fractured bedrock aquifer. 
•  Investigate the possible impacts on water quality 

from biosolids application to agricultural soils. 
•  Identify temporal and spatial variability of 

contaminants. 
•  Determine whether tile drainage systems affect the 

leaching of those contaminants to groundwater. Future work/ 
Expected outcomes 
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Biosolids spreading 

  The groundwater monitoring and data analysis will 
continue to better characterize spatial and temporal 
distribution of the contaminants of interest. This will 
include analysis of the bedrock matrix in order to 
investigate the fate of nitrate and quantify transport and 
attenuation processes that may be dominant, such as 
matrix diffusion.  
  The results are relevant for the implementation of local 
water protection policies, and should be considered by 
specialists when recommending ideal agronomic loading 
rates of biosolids for agricultural soil amendments. 
      

  Two loads of 14 Mg/ha each of 
biosolids were incorporated into 
the soil (November 2014 and May 
2015) in a field which has not 
previously received biosolids. 
  Previously, the field had received 
yearly applications of dairy manure 
and herbicides for 11 years, 
meeting needs of the alternating 
barley, soybean, spring wheat, and 
corn crops. 

•  Tracer data shows increase in Br- levels with time and a peak concentration after 
around 20 days from the beginning of the test, at 9-10m bgs. 

•  The nitrate levels measured do not seem to be increasing due to the biosolids 
application. Nonetheless, the study site had received manure applications 
consecutively for over a decade, which may result in undesired nitrate 
accumulation in the soil, bedrock matrix and groundwater.  

  The study site is located  at the  Bio‑Environmental 
Engineering Centre (BEEC), Faculty of Agriculture, 
Dalhousie University, in Bible Hill, Nova Scotia. 

   

 

 

 

 

 

 

 

 
  The unsaturated zone was characterized as Gleyed 
Humic Ferric Podzol  with a sandy loam texture (Gilles 
et al., 2014), to a depth (drilling location) of 2 m. 
  Local soils are usually acidic, allowing the utilization 
of the amendments applied in this study. 
  The saturated zone is a fractured red sandstone and 
conglomerate bedrock aquifer, with beds of siltstone 
and mudstone (Wolfville formation). 

  The field site is instrumented 
with a modern and efficient high 
resolution design, in addition to 5 
shallow piezometers (TP) (2 m to 5 
m deep), and tile drain water 
collection hut. 
  The installed CMT multilevel 
system (25 m deep), with two 
piezometers clustered in the same 
hole, has a total of 9 depth discrete 
sampling points. 

  Samples are collected monthly 
from all the CMT ports and field 
piezometers, in addition to the tile 
drains. 
  The monitoring approach 
facilitates obtaining distinct insights 
on water quality and contaminant 
behaviour, capturing a detailed 
picture of ESOC leaching into the 
subsurface. 

•  No actual trend or relationship with the 
surface application of biosolids can be seen 
regarding pharmaceutical concentrations 
and nitrate levels in the water thus far. 

•  Even though the bedrock that underlies the 
study site is shallow and fractured, with high 
horizontal hydraulic conductivity, biosolids 
application may not pose a risk to 
groundwater quality, for this hydrogeological 
setting.  

  One continuous cored hole was 
dril led down gradient of the 
biosolids spreading area.  
  The data was logged in the field 
with visual core inspection and 
core photography, in order to 
catalog the geology, identifying 
main features as  fractures, 
minerals, bedding and coatings. 
  Also, rock samples were 
collected for future matrix analysis. 

Groundwater flow direction 

Area of biosolids spreading 

Concentrations in samples (ng/L) 

Cotinine Caffeine  Naproxen  
10/11/2014 

PIEZO-1 62     
CMT-1 61     
CMT-2 62 14   
CMT-3 61     
CMT-5 61     

PIEZO-2 61 19 272 
CMT-7 61     

  03/12/2014 

PIEZO-1 28     
CMT-1 28     
CMT-2 27     
CMT-3 27     
CMT-4 27   30 
CMT-5 27     

PIEZO-2 27     
CMT-6 28     
CMT-7 28     

08/06/2015 

CMT-1   935   
CMT-3   292   
CMT-4   19   
CMT-7   546   

   A bromide tracer experiment 
was used to further characterize 
the contaminant transport times 
from the surface to the aquifer. 
  The tracer was evenly applied 
on the field, at the same biosolids 
spreading area, at a rate of 10 g 
Br-/m2  and Br- concentrations are 
being monitored for tile drainage 
water and groundwater at multiple 
depths.    
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