
THE INVESTIGATION OF BLACKWATER SEPARATION AS A MEANS OF NUTRIENT 
MANAGEMENT IN WATERSHEDS OF NITROGEN SENSITIVE MARINE EMBAYMENTS 

PROJECT # 10-2/319  
 

September 2011 – June 2015 

 

 

 

 

 

 

 

 

 

 

Prepared by 
George R. Heufelder, M.S., R.S. 
Barnstable County Department of Health and Environment  
Superior Courthouse, Route 6A  
Barnstable, Massachusetts 02630  

 

Prepared for  
Massachusetts Department of Environmental Protection  
Bureau of Water Resources and  
Environmental Protection Agency Region 1 

  

This project has been financed with Federal Funds from the Environmental Protection Agency (EPA) to the 
Massachusetts Department of Environmental Protection (the Department) under an s. 319 competitive 
grant.  The contents do not necessarily reflect the views and policies of EPA or of the Department, nor does 
the mention of trade names or commercial products constitute endorsement or recommendation for use. 

THE INVESTIGATION OF BLACKWATER SEPARATION AS A MEANS OF NUTRIENT 
MANAGEMENT IN WATERSHEDS OF NITROGEN SENSITIVE MARINE EMBAYMENTS 
PROJECT # 10-2/319

 Page 1



Executive Summary 
 

Domestic wastewater has been shown to be a cause accelerated eutrophication in many marine and 
freshwater resources due to the presence of nutrients. As a means of controlling this source of 
nutrients, some have suggested the use of various devices that separate graywater (wash water from 
showers, dishes and clothes) from “blackwater” (water carrying urine, feces and toilet paper) and 
diverting this later portion to a composting, storage or other process.  Reports on the benefit of 
diversion techniques in reducing nutrient loads have largely been anecdotal. The purpose of this study 
was to investigate the efficacy of blackwater diversion in reducing the nutrient load in the remaining 
wastewater at least five residential situations. This was done by measuring the nutrient concentrations 
in the wastewater both before the installation of the diversion devices and after their installation.  In 
addition, by comparing the water use under these two scenarios, the actual load reductions could be 
calculated. 

Four composting toilets and one urine diverting toilet were investigated for a period of one year.  Two 
preoperational samples were taken of the septic tank effluent prior to the installation of the diversion 
devices and at least ten samples were taken of the septic tank effluent following a pumping out and the 
installation of the diversion device. The water use differences were measured or estimated and actual 
graywater nutrient load reductions were determined.  In two of the cases investigated where all toilet 
wastes were diverted to a compost toilet there was an approximate 90% reduction in nitrogen load and 
>95% reduction in the phosphorus load in the remaining graywater. In one case studied, where a “less 
used” toilet diverted only urine to the compost receptacle that served the more-used toilet in the 
household, nitrogen and phosphorus loads were reduced by 82% and 91% respectively.  The final 
compost toilet investigated experienced some operational difficulties for five months of its operation.  
Discounting those data, this toilet, which was a small self-contained unit, achieved approximate load 
reductions of nitrogen and phosphorus of 71% and 67% respectively.  The only urine diverting toilet in 
this study where all urine was diverted to a storage tank, achieved nitrogen and phosphorus load 
reductions of 56% and 31% respectively. 

With the exception of the small self-contained compost unit, which caused evaporation of all liquid that 
was generated by means of a heating element, all compost toilets produce a leachate or “tea” that 
accumulates and must occasionally be removed.  Although the volume of tea varied between sites, 
generally the leachate accounted for 8-12% of the nitrogen removed, with the remaining nitrogen load 
being either volatilized or integrated into the compost. 

We conclude that properly operating compost toilets could reduce nitrogen loads from a household by 
approximately 90% and phosphorus loads by approximately 95% if the residual products (tea and 
compost) were removed and ultimately disposed of or treated outside of the target watershed.  

As part of this study, the use of compost leachate “tea” was investigated for its ability to be co-
composted and used as a compost “starter” to induce thermophilic composting.  Investigations at the 
Maine School of Composting suggest that leachate tea is insufficient for this process use.  In anticipation 
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of the urine byproduct of the urine-diverting toilets, we also investigated the use of urine as a compost 
starter and fertilizer.  The literature review presented indicates three environmental concerns that 
require further study. 
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Introduction 
The effort described herein has evolved over the years 2011 - 2015. Originally, the project endeavored 

to install at least ten blackwater-diverting technologies (composting toilets or urine diverting toilets) at 

residences and to document this strategy’s efficacy in addressing the nutrient loading from onsite septic 

systems. The project scope of work involved using the Barnstable County Septic Management Loan 

Program (CSMLP) as incentive with a 0% betterment loan for the replacement of standard systems with 

wastewater diversion strategies.  Following over three years of publicity and encouragement, there 

were very few inquiries and thus limited opportunity to document the efficacy of these techniques as 

nutrient removing strategies.  Many initial inquiries ended with the applicant, unsure of how the 

placement of a composting toilet would affect the value of their home, deciding not to install any of the 

approved systems. 

A fortunate set of circumstances developed during an extension period of the grant that allowed the 

evaluation of graywater-blackwater separation strategies.  In conjunction with the investigation of 

alternatives to sewering, the Town of Falmouth initiated a program that provided incentives to install an 

“eco-toilet”. This term refers to a number of different composting toilets as well as urine diverting 

toilets installed in conjunction with a storage tank.  The incentives were in the form of $5,000 toward 

the installation of an eco-toilet provided that the recipient would allow the monitoring of the systems 

residuals (graywater, compost, compost leachate or “tea”, and urine) for a period of one year.  Two 

types of eco-toilets are investigated here: composting toilets and urine-diverting toilets. Within the 

grant period and five test cases are reported. 

Composting Toilets 

Composting toilets convey bodily waste to a vessel or container where various organisms aerobically (in 

the presence of atmospheric oxygen) break down or stabilize waste.  The technology is applied to meet 

goals of water reduction, community sanitation, nutrient reduction or nutrient reclamation and 

sustainability.  There are various types and sizes of composting toilet configurations that range from 

simple collection bins to units with mechanical, mixing and heated components.  Composting toilets may 

have a single chamber or multiple chambers.  The treatment process in a typical small residential unit is 

carried out by an assortment of bacteria and fungi, and some authors have suggested that the 

breakdown is also assisted by an array of invertebrate species1.  While the term “composting” generally 

refers to the breakdown of organic matter by thermophilic organisms, some investigators have noted 

that the higher temperatures necessary to achieve deactivation of pathogens (55oC) are generally not 
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achieved in small residential units unless a system is augmented with nitrogen containing wastes2.  

Accordingly, some authors refer to these toilets as “dry” toilets instead of composting toilets because 

they operate without flush water. 

Urine Diverting Toilets 

Urine diverting toilets, in their most common application, divert urine alone from the wastewater exiting 

the residence.  In context of this project, however, urine diversion can either be directed to a storage 

tank or a composting toilet (see below).  The toilet receptacle itself has two divisions that allow for the 

separation of fecal and urine deposit by positioning the body or directing the urine stream during 

elimination. 

Town of Falmouth Applications 

Despite providing a well-advertised $5,000 incentive to any property owner in Falmouth, as well as an 

opportunity to be exempted from an $18,000 betterment (mailings were sent to every property owner 

in the Little Pond Sewer Service Area), participation in the program has been limited.  This report 

describes results from five case studies where eco-toilets were installed and monitored for at least ten 

months.  The case studies are as follows: 

Case Study 1:  

A Phoenix Composting Toilet was installed in a home occupied by two adults.  In this scenario, one 

bathroom was connected to a dry composting toilet where waste, unaided by flush water, was 

dropped by gravity into the composter; another bathroom was equipped with a vacuum micro-flush 

toilet that conveyed the waste to the same composter. 

Case Study 2:  

A Phoenix Composting Toilet was installed in a home occupied by two adults.  In this situation, there 

was one dry toilet where waste, unaided by flush water, was dropped by gravity into the composter. 

Case Study 3:  

A Phoenix Composting Toilet was installed in a home occupied by two adults and two children.  In 

this scenario, the bathroom receiving most of the use was equipped with a dry toilet where waste, 
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unaided by flush water, was dropped by gravity into the composter.  Another bathroom was 

equipped with a urine diverting toilet that directed urine to the same composting toilet. 

Case Study 4:  

A urine diverting toilet was installed in a home occupied by two adults.  The urine was conveyed to 

an underground tank for proper removal and disposal.  All other sanitary wastewater flowed to the 

septic system. 

Case Study 5: 

A self-contained composting toilet was installed in a home occupied by one adult.  In this scenario, 

the waste was dropped by gravity into a removable tray directly beneath the toilet. 

In each scenario, sampling was attempted on two occasions prior to installation of the eco-toilet so that 

pre-installation wastewater load calculations could be attempted.  This was sometimes difficult due to 

the unique features of the existing septic systems, and in some instances assumptions were required to 

approximate pre-installation conditions.  When necessary, assumptions relative to water use and 

influent nitrogen levels prior to toilet installation were taken from Lowe et. al.3  

Results 
A complete analysis of data including reductions of nitrogen and phosphorus for each case study is 

presented in Appendix 1.  Case studies 1 and 2 represented the most typical composting toilet model, 

with the minor exception that Case Study 1 included an additional low flush vacuum toilet that 

introduced toilet waste to the compost bin section of the composting toilet.  In both scenarios there 

were two adults in the residence.  Accurate record keeping by the residents in Case Study 1 enabled the 

accurate approximation of a 2.7 kg/person/year (~ 6 lbs./person/year) nitrogen load prior to the 

installation of the composting toilet.  This is consistent with per capita loads used in certain 

groundwater modelling efforts that determine Total Maximum Daily Loads (TMDLs) in Cape Cod 

Watersheds4.  Water use and occupancy data for Case Study 1 indicate that approximately 92% of the 

nitrogen load and 97% of the phosphorus load was diverted from the septic system.   

Due to pre-installation sampling difficulties and uncertainties in water use of Case Study 2 following 

composting toilet installation, assumptions (previously noted) were used to calculate a total nitrogen 

and phosphorus load reduction of 86% and 96% respectively.  In both Case Study 1 and 2, it was 
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estimated that 9.6 – 11.8% of nitrogen was contained in the compost leachate, whereas 88.2 – 90.4 % of 

the diverted nitrogen either remained in the solid compost or was lost to volatilization.  

Case Study 3 contained a deviation from the typical composting toilet installation in that a secondary 

toilet, purportedly having limited use, directed fecal waste to enter the septic tank-leachfield.  Urine 

from this secondary toilet was directed to the composting toilet.  The primary use toilet was waterless 

and directed both urine and feces to the composting toilet storage-composting area.  The initial nitrogen 

load in this instance was approximated at 3.1 kg/person/year (6.9 lbs./person/year) which was reduced 

to 0.6 kg/person/year (1.3 lbs./person/year) representing an approximate 82% nitrogen load reduction 

(if a modest 20% reduction in water use is assumed since historical records were unavailable). A 

concurrent 91% reduction in the phosphorus load was noted at this site.  The approximate 160 gallons 

annually of leachate tea produced at this site represents approximately 12% of the total nitrogen load, 

with the remaining diverted nitrogen either incorporated into compost or volatilized. 

Case Study 4 included only a urine diverting toilet as a means of nitrogen diversion.  To date, no urine 

has been pumped from the system.  Water use (73 gal/day/person) and pre-installation samples 

indicate a relatively high per capita nitrogen load from the dwelling (5.7 kg/person/year or 12.6 

lbs./person/year).  A 56% reduction in nitrogen load (2.6 kg/person/year or 5.7 lbs./person/year) was 

determined following installation of the urine diverting toilet.  It is interesting to note that the resulting 

nitrogen loads approximate many nutrient modelling assumptions for wastewater generation without 

any treatment.  The per capita water use of 73 gallons/day is slightly higher than the town average of 

140 gallons/household (household = 2.4 occupants) for a residence. Concurrently, the phosphorus load 

at this site was reduced by 31%. 

Case Study 5 involved a self-contained composting toilet; the composting process was completed in a 

small chamber directly under the toilet seat and aided by a heater/evaporator.  For approximately four 

months (July–November 2014) within the greater study period of April–January 2014, the toilet only 

received fecal waste, while urine entered the septic tank-leach field.  Data from the entire test period 

resulted in a nitrogen load reduction of approximately 71% if the July–November data are excluded, and 

phosphorus reduction approximating 67%. This type of toilet is designed and operated to evaporate all 

of the leachate so accordingly all nitrogen removed was either volatilized or bound in the solid compost.  
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General Comments by Residents 

Overall, case study participants reported a favorable experience with their composting toilets.  In one 

instance, installation of the composting toilet avoided the need for a costly septic system replacement 

(estimated at >$15,000).  Other composting toilet installations took place at locations where existing 

septic systems were not in any immediate need of repair or replacement.  Weekly “hands-on” 

maintenance was indicated in the case of larger units, while more frequent attention was required for 

the self-contained unit of Case Study 5 where someone was in the home all day.  Periodic occurrences of 

flies and gnats were reported. One owner reported that the recommended larvicide Gnatrol® did not 

control the flies and fungus gnats particularly well.  The disposal of liquid residual was a concern in all 

cases, but was problematic only in the case of the self-contained unit (Case Study 5) when excess liquid 

spilled out of the collection pan volume on a number of occasions. 

Residual Disposal 

Residuals are the solid compost and liquid leachate generated by a composting toilet.  By regulation, the 

finished solid compost residual may be buried beneath six inches of cover by the toilet owner and the 

leachate must be transported by a licensed septage hauler or diverted to the septic system.  When 

nutrient management in a watershed is desired, neither of these strategies are appropriate since they 

release nitrogen into the watershed in amounts that may exceed the limit necessary to protect natural 

resources. 

This project did not examine strategies to manage the solid compost, but it is assumed that if 

composting toilets are widely used, a regional facility for processing would be necessary.  In order to 

examine disposal options for the liquid residual, we submitted ten five-gallon portions of compost 

leachate to Mark Hutchinson at the University of Maine School Of Composting.  The goal of the 

experiments was to determine whether the residual liquid could be used in conjunction with a compost 

feedstock to create a usable soil amendment by way of thermophilic composting.  Thermophilic 

composting uses bacteria that can tolerate high temperatures (>50oC) to break down waste and kill 

pathogens.  Three potential feedstocks were chosen for experiments based on availability in our area: 

oak leaves, used horse bedding (containing additional nitrogen from horse urine and manure) and wood 

shavings.  Concentrations of nitrogen in the liquid residual generally ranged from 1–3 grams/L and Total 

Phosphorus (TP) levels ranged from 0.6–1.2 grams/L.  The experiments concluded that compost leachate 

added to the aforementioned carbon sources would not support the thermophilic composting process 

THE INVESTIGATION OF BLACKWATER SEPARATION AS A MEANS OF NUTRIENT 
MANAGEMENT IN WATERSHEDS OF NITROGEN SENSITIVE MARINE EMBAYMENTS 
PROJECT # 10-2/319

 Page 8



needed to render pathogens harmless.  A full report of these studies is presented in appendix 2.  In 

addition to the residual “tea”, we also engaged Mr. Hutchinson to review the literature and comment on 

the efficacy of using urine as a compost amendment.  This report is presented in appendix 3. A number 

of issues were brought up regarding the use of urine as both a compost starter and a directly applied 

fertilizer. In general, the areas for further research include: 

• Disinfection of the urine due to contamination with fecal matter; 

• The presence of pharmaceutical products and their metabolites that might be taken up by 

plants and/or accumulate in soil, and; 

• The development of antibiotic resistance in microbes where urine (presumably containing 

unmetabolized antibiotics from donors) is applied. 

 

Discussion 
There is general agreement that composting toilets are an effective way to reduce water use in a home; 

however, the efficacy of these systems for nutrient management has not been empirically validated.  

This study focused on the task of quantifying the efficacy of various eco-toilets (composting toilets and 

urine diverting strategies) in achieving nutrient reduction.  In the two cases studies where composting 

toilets were installed such that all toilet waste entered a composting reactor (Case Studies 1 & 2) the 

nitrogen load diverted to solid compost, leachate or volatilized during the compost process prevented 

approximately 90% of the total nitrogen load from entering the household septic system.  A partial 

diversion of fecal matter from a less-used toilet resulted in 77%–82% diversion of nitrogen load per 

capita from the septic system (depending on whether a 20% reduction in water use is assumed).  Finally, 

diverting the urine alone reduced the per capita nitrogen load by approximately 56%.  While all of the 

various eco-toilets appear to be a viable strategy for the stated levels of nutrient removal, those types of 

eco-toilets that divert all of the toilet waste (urine, feces and toilet paper) achieve the highest load 

reductions. 

Although the term nitrogen “reduction” is used in this report when referring to composting toilets, the 

reader should understand that preventing nitrogen from entering the groundwater system is not truly 

achieved unless nitrogen present in the residuals (leachate and solid compost) is removed from the 

watershed system being considered.  Accordingly, when eco-toilets are used in context of a 
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management plan to meet nutrient reduction to loads, the residual products must be managed to 

ensure that they are not applied to the watershed in any manner that can result the eventual leaching of 

nitrogen into groundwater systems.  Currently, Massachusetts regulations that allow burying of solid 

compost beneath six inches of soil, do not aid in such efforts.  Similarly, the use of compost leachate to 

irrigate plants in the watershed, which might appeal to some individuals, may also result in the 

introduction of nitrogen into the groundwater resources.  

Although only a few aspects of eco-toilet operation and maintenance are covered in this report, we did 

attempt to address options for disposal of the composting toilet residuals (leachate and compost).  The 

data suggest that an average home with two adults might produce 50–150 gallons of leachate per year 

that will not evaporate during the composting process.  This liquid is 98.2% water and adding it to a 

carbon-rich compost operation does not result in the thermophilic composting necessary to ensure 

pathogen destruction (see report appendix 2).  Tests indicate that for every 1,000 gallons of tea 

produced; approximately 1,600 cubic yards of dry carbon material would be required to control the 

moisture.  This would not significantly enhance the nutrient content of the compost for soil amendment.  

Accordingly, at this time, the only acceptable management of the liquid residual appears to be removal 

by a licensed septage hauler and disposal at a wastewater treatment facility.  Some experiments have 

shown that by mixing feces, food waste and amendment, it is possible to reach temperatures that might 

reduce pathogens5.  Further study is needed to explore a viable management strategy. 

Data from the single site where urine was diverted to a holding tank are limited. If this strategy is to be 

evaluated further based on these data, the cost and benefits might be compared with advanced 

alternative onsite treatment systems that generally have similar load removals. The report 

commissioned under this grant effort (appendix 3) suggests that further research is necessary to resolve 

the issues regarding urine reuse as a compost amendment or fertilizer.  Until such time as these issues 

are resolved, again it appears that the only acceptable management of the urine appears to be removal 

by a licensed septage hauler and disposal at a wastewater treatment facility. 
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Summary sheets for Falmouth Eco-Toilet  
Project participants 
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Case Study 1: Home with Two Adult Occupants 

 

Existing Onsite Wastewater Treatment 

The existing system was composed of two cesspools in series, with the first cesspool essentially 
clogged and acting as a settling tank. 

Composting Toilet Installation 

A Phoenix Compost toilet was installed, using a one micro-flush vacuum toilet located at the 
same level as the compost bin and one “dry” toilet situated above the compost bin (see 
schematic below). 

Sample Collection and Analysis 

 

Two samples taken at the outlet of the first 
cesspool prior to composting toilet installation 
exhibited Total Nitrogen (TN) concentrations 
of 61.0 mg/L and 48.0 mg/L and Total 
Phosphorus (TP) concentrations of 7.8 mg/L 
and 6.0 mg/L.   

Following installation of the composting toilet, 
15 samples were collected over the course of 
one year (figure 1).  The mean concentration 

was 7.5 mg/L for TN and 0.9 mg/L for TP. 

Outcome 

Prior to installation of the compost toilet, the nitrogen load was 2.7 kg/person/year (6.0 
lbs./person/year), with water use approximated at 36 gal/person/day.  Following installation of 
the compost toilet, the nitrogen load was reduced to 0.23 kg/person/year (0.5 lbs./person/year), 
with water use approximated at 22 gal/person/day. This translates to an approximate water use 
reduction of 39%, resulting in a 92% reduction in total nitrogen load and 97% reduction in 
phosphorus load.   

Residuals 

The composting toilet produced approximately 35 gallons of liquid residual leachate in the 
calendar year 2014.  Three samples of this tea were assayed for TN and TP, resulting in a 
mean of 3,600 mg/L and 484 mg/L respectively.  This residual accounted for approximately one 
pound of nitrogen or 0.5 kg.  Of the approximate 11.0 lbs. /per year of nitrogen removed from 
the discharge, roughly 9.6% of the nitrogen load was removed with the compost leachate, 
leaving the remaining 90.4% lost to either volatilization or solid compost. 

Composting 
Unit

(venting not 
shown)

Waterless
Toilet

Vacuum Flush
Toilet
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Power Usage 

Power usage for the composting toilet during 2014 was attributed to a vent fan, leachate pump, 
vacuum-flush unit, and the battery charger (the vacuum-flush unit and fan operated on 12 volts 
dc).  These components used approximately 114 kWh, which is an average of 0.31 kWh/day. 
Assuming a rate of electricity charge of $0.18/kWh, the electrical cost for operating the system 
was less than $21/year. 

 

Figure 1. Total Nitrogen (TN) and Total Phosphorus (TP) concentrations in wastewater from Case 
Study 1.  The shaded area denotes concentrations prior to compositing toilet installation and use. 
Samples were taken at the discharge of the proximal cesspool. 
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Raw data 

 

DateCollected Ammonia Nitrite Nitrate TKN Total N Total P 
03/26/13   0.025 0.16 61 61.2 7.8 
07/22/13       48 48.0 6.0 
01/13/14   0.025 0.7 9.3 10.0 4.8 
02/24/14   0.025 0.66 9.3 10.0 0.4 
3/31/2014   0.025 0.58 9.7 10.3 0.6 
4/27/2014 4 0.025 0.05 7.2 7.3 0.5 
5/14/2014 3.6 0.01 0.43 7.7 8.1 0.6 
6/3/2014   0.025 0.05 6.5 6.6 0.6 
6/30/2014   0.025 0.05 8.2 8.3 0.6 
7/30/2014   0.05 0.05 6.6 6.7 0.5 
9/3/2014 3.3 0.05 0.05 7.3 7.4 1.2 
9/22/2014   0.025 0.05 6.1 6.2 0.5 
10/22/2014   0.025 0.05 6.5 6.6 0.5 
11/17/2014   0.025 0.05 6.9 7.0 0.7 
12/8/2014   0.025 0.05 6.5 6.6 0.6 
1/5/2015   0.025 0.05 5.5 5.6 0.5 
2/26/2015   0.025 0.05 6.6 6.7 0.7 
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Case Study 2 – Home with Two Adult Occupants 

 

Existing Onsite Wastewater Treatment 

The existing septic system was comprised of a septic tank and soil absorption system.  

Composting Toilet Installation 

A Phoenix Compost toilet was installed, using a standard “dry” toilet (see schematic below). 

Sample Collection and Analysis 

The first sample was taken at the influent side of the 
septic tank and yielded a Total Nitrogen (TN) value of 
630 mg/L.  It is important to note that the sampling 
location was not considered ideal as fresh solids 
entering the system may have disturbed the inflow 
and biased the sample.  Following an excavation and 
exposure of the outlet side of the tank (and prior to the 
installation of the composting toilet), another sample 
was taken at the outlet side of the septic tank, but still 
yielded a high TN value of 340 mg/L.   

A comprehensive review of wastewater characteristics 
from residential septic tanks (Lowe et al., 2009) 
suggests that both pre-composting toilet samples may 

have been biased and represent unrealistically high values.  Therefore, in the interest of more 
accurately estimating nitrogen load and load reduction, we used an initial concentration of 124 
mg/l which is the highest of 48 values found in the above-cited work.  

Further, two Total Phosphorus (TP) samples, also taken prior to installation of the composting 
toilet, showed similarly abnormal values of 27 mg/L and 42 mg/L.  Since these values 
approximated the highest values observed by Lowe et al. (2009), they were used for the 
purpose of calculating load reduction.   

Following installation of the composting toilet, 15 samples were collected (figure 1).  The mean 
concentration was 23.4 mg/L for TN and 2.4 mg/L for TP. 

Outcome 

Prior to installation of the compost toilet, the nitrogen load was 3.5 kg/person/year (7.6 
lbs./person/year), with water use approximated at 40 gal/person/day.  Following installation of 
the compost toilet, the nitrogen load was reduced to 0.4 kg/person/year (0.9 lbs./person/year), 
with water use estimated at 24 gal/person/day (based on similar demographic as Case #1). This 
translates to an approximate water use reduction of 39%, resulting in an 86% reduction in total 
nitrogen load and 96% reduction in phosphorus load. 
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Residuals 

The composting toilet produced approximately 100 gallons of liquid residual leachate in the 
calendar year 2014.  Three samples of this tea were assayed for TN and TP, resulting in a 
mean of 1900 mg/L and 991 mg/L respectively.  This residual accounted for approximately 1.6 
pounds of nitrogen or 0.7 kg.  Of the approximate 13.5 lbs./per year of nitrogen removed from 
the discharge, approximately 11.8% of the nitrogen load was removed with the compost 
leachate, leaving the remaining 88.2% lost to either volatilization or solid compost. 

Power Usage 

No direct power usage readings were taken during 2014; however, comparison with a similar 
model in Case Study 1 would suggest a power usage cost of less than 0.31 kWh/day.  
Assuming a rate of electricity charge of $0.18/kWh, the electrical cost for operating the system 
was less than $21/year. 

 

Figure 1. Total Nitrogen (TN) and Total Phosphorus (TP) concentrations in wastewater from Case 
Study 2.  The shaded area denotes concentrations prior to compositing toilet installation and use. 
Samples were taken at the discharge of the proximal cesspool. 
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Raw Data 

 

Date Collected Ammonia Nitrite Nitrate TKN Total N Total P 
03/26/13       630.0 630.0 27.0 
05/30/13       340.0 340.0 42.0 
10/17/13   0.025 2.2 33.0 35.2 4.2 
01/13/14   0.58 1.3 25.0 26.9 4.3 
02/24/15   0.025 1.1 32.0 33.1 2.0 
3/31/2014   0.025 0.59 20.0 20.6 2.0 
4/27/2014 13.0 0.025 0.05 20.0 20.1 1.8 
5/14/2014 12.0 0.025 0.43 19.0 19.5 1.8 
6/3/2014   0.025 0.87 17.0 17.9 1.9 
6/30/2014   0.025 0.05 30.0 30.1 2.1 
7/30/2014   0.025 0.05 14.0 14.1 1.4 
9/3/2014 13.0 0.025 0 18.0 18.0 2.5 
9/22/2014   0.025 0.05 22.0 22.1 2.2 
10/22/2014   0.025 0.05 29.0 29.1 2.1 
11/17/2014   0.025 1.4 24.0 25.4 2.6 
12/8/2014   0.025 0.05 25.0 25.1 2.8 
1/5/2015   0.025 0.05 21.0 21.1 2.2 

 

Literature Cited 

Lowe, K. S. et al. Influent constituent characteristics of the modern waste stream from single 
sources. (Water Environment Research Foundation, 2009).   
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Case Study 3: Home with Two Adult and Two Child Occupants 

 

Existing Onsite Wastewater Treatment 

The existing system was comprised of a septic tank and soil absorption system. 

Composting Toilet Installation 

A Phoenix Compost Toilet was installed for the bathroom receiving a majority of the use.  An 
additional bathroom was equipped with a urine diverting toilet that directed urine to the 
composting toilet (see schematic below).  Other sanitary waste from the toilet was directed to 
the septic tank-leachfield system.  In contrast to Case Studies 1 & 2, the residual graywater 
occasionally received fecal and attendant waste, which comprised some of the measured 
contaminants. 

Sample Collection and Analysis 

Initial samples were taken at the head of 
the septic tank, which was the only 
accessible location.  It is important to 
note that the sampling location was not 
considered ideal as fresh solids entering 
the system may have disturbed the 
inflow and biased the sample. 
Nevertheless, care was taken to sample 
the middle layer of the septic tank at an 
elevation below the inlet sanitary tee.  

Considering the challenges of obtaining 
a representative sample, we used a nominal value of 60 mg/L for pre-operation nitrogen based 
on a review of wastewater characteristics from residential septic tanks (Lowe et al., 2009). 
Water use data showed higher water use for the residence than Case Studies 1 & 2 (although 
per capita use was comparable).  

Fourteen samples were taken post-eco-toilet installation (figure 1).The mean concentration was 
13.9 mg/L for TN and 1.3 mg/L for TP (fig. 1). 

Outcome 

Prior to installation of the compost toilet, the nitrogen load was 3.1 kg/person/year (6.9 
lbs./person/year), with water use approximated at 38 gal/person/day.  Following installation of 
the compost toilet, the nitrogen load was reduced to 0.6 kg/person/year (1.3 lbs./person/year), 
with water use estimated at 30 gal/person/day (based on similar demographic as Case #1). This 
translates to an approximate water use reduction of 20%, resulting in an 82% reduction in total 
nitrogen load and 91% reduction in phosphorus load. 

Composting 
Unit

(venting not 
shown)

Waterless
Toilet

Urine-separating
Toilet

Urine diverted to 
compost bin

Fecal matter and water
to septic system
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Residuals 

The composting toilet produced approximately 160 gallons of liquid residual leachate in the 
calendar year 2014.  Ten samples of this tea were assayed for TN and TP, resulting in a mean 
of 2004 mg/L and 317 mg/L respectively.  This residual accounted for approximately 2.7 pounds 
of nitrogen or 1.2 kg.  Of the approximate 22.3 lbs./per year of nitrogen removed from the 
discharge, approximately 12.0% of the nitrogen load was removed with the compost leachate, 
leaving the remaining 88.0% lost to either volatilization or solid compost. 

 

Power Usage 

No direct power usage readings were taken during 2014; however, comparison with a similar 
model in Case Study 1 suggests a power cost of less than 0.31 kWh/day.  Assuming an 
electricity rate charge of $0.18/kWh, the cost for operating the system was less than $21/year. 

 

Figure 1. Total Nitrogen (TN) and Total Phosphorus (TP) concentrations in wastewater from Case 
Study 3.  Samples were taken at the discharge of the proximal cesspool. 

 

 

 

0.0

5.0

10.0

15.0

20.0

25.0

30.0

To
ta

l N
itr

og
en

 (m
g/

L)
 a

nd
 T

ot
al

 P
ho

sp
ho

ru
s (

m
g/

L)

Sample Date

Total N Total P

THE INVESTIGATION OF BLACKWATER SEPARATION AS A MEANS OF NUTRIENT 
MANAGEMENT IN WATERSHEDS OF NITROGEN SENSITIVE MARINE EMBAYMENTS 
PROJECT # 10-2/319

 Page 20



Raw Data  

 

Date Collected Ammonia Nitrite Nitrate TKN Total N Total P 
03/26/13       630.0 630.0 27.0 
05/30/13       340.0 340.0 42.0 
10/17/13   0.025 2.2 33.0 35.2 4.2 
01/13/14   0.58 1.3 25.0 26.9 4.3 
02/24/15   0.025 1.1 32.0 33.1 2.0 
3/31/2014   0.025 0.59 20.0 20.6 2.0 
4/27/2014 13.0 0.025 0.05 20.0 20.1 1.8 
5/14/2014 12.0 0.025 0.43 19.0 19.5 1.8 
6/3/2014   0.025 0.87 17.0 17.9 1.9 
6/30/2014   0.025 0.05 30.0 30.1 2.1 
7/30/2014   0.025 0.05 14.0 14.1 1.4 
9/3/2014 13.0 0.025 0 18.0 18.0 2.5 
9/22/2014   0.025 0.05 22.0 22.1 2.2 
10/22/2014   0.025 0.05 29.0 29.1 2.1 
11/17/2014   0.025 1.4 24.0 25.4 2.6 
12/8/2014   0.025 0.05 25.0 25.1 2.8 
1/5/2015   0.025 0.05 21.0 21.1 2.2 

 

Literature Cited 

Lowe, K. S. et al. Influent constituent characteristics of the modern waste stream from single 
sources. (Water Environment Research Foundation, 2009). 
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Case Study 4: Home with Two Adult Occupants 

 

Existing Onsite Wastewater Treatment 

The existing system was comprised of a septic tank and soil absorption system.  

Urine-diverting Toilet Installation 

A urine-diverting toilet was installed for the only bathroom (see schematic below).  This offered 
a unique opportunity to isolate the efficacy of removing urine from wastewater for the 
management of nitrogen and phosphorus. 

Sample Collection and Analysis 

Samples were taken at the only accessible point in 
the “clear zone” of the septic tank using a 
polyethylene bailer.  Two samples were taken prior 
to installation and use of the urine diverting toilet 
and showed Total Nitrogen (TN) concentrations of 
51.0 mg/L and 62.1 mg/L, respectively.  Thirteen 
post-installation samples were taken following a tank 
pump-out and re-fill.  The mean concentration for 
post-installation samples was 34.0 mg/L for TN and 
5.4 mg/L for TP (fig. 1). 

Outcome 

Prior to installation of the compost toilet, the nitrogen load was 5.7 kg/person/year (12.6 
lbs./person/year), with water use approximated at 73 gal/person/day.  Following installation of 
the compost toilet, the nitrogen load was reduced to 2.5 kg/person/year (5.5 lbs./person/year), 
with water use estimated at 52.5 gal/person/day. This translates to an approximate water use 
reduction of 28%, resulting in an 56% reduction in total nitrogen load and 31% reduction in 
phosphorus load. 

 

Residuals 

No urine has been removed from the storage tank so estimates of nitrogen loss to the urine or 
volatilization are not available. 

Power Usage 

Power usage is not necessary for this technology.  

 

Urine-separating
toilet

Urine diverted to 
storage tank

Fecal matter and water
to septic system

Storage
tank
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Figure 1. Total Nitrogen (TN) and Total Phosphorus (TP) concentrations in wastewater from Case 
Study 4.  Shaded area denotes concentrations prior to urine-diverting toilet installation and use.   

 

Raw Data 

Date Collected Ammonia Nitrite Nitrate TKN Total N Total P 
04/10/14 43 0.025 1 50 51.0 4.6 
04/30/14 46 0.025 0.05 62 62.1 6.6 
06/09/14   0.025 0.05 31 31.1 5.7 
06/25/14     0.13 38 38.1 5.3 
07/21/14   0.025 0.05 22 22.1 4.6 
09/03/14 20 0.17 0.05 31 31.2 5.5 
09/22/14   0.025 0.05 42 42.1 6.4 
10/22/14   0.025 0.05 39 39.1 6.0 
11/17/14   0.025 0.05 45 45.1 7.2 
12/08/14   0.025 0.05 41 41.1 6.2 
01/05/15   0.025 0.05 32 32.1 5.0 
03/16/15   0.05 0.16 17 17.2 2.6 
04/13/15   0.025 1.2 28 29.2 4.6 
05/11/15   0.025 0.05 26 26.1 4.7 
06/10/15   0.025 0.05 48 48.1 6.8 
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Case Study 5 – Home with One Adult Occupant 

 

Existing Onsite Wastewater Treatment 

The existing septic system is comprised of a septic tank and soil absorption system.  

Composting Toilet Installation 

A Sun Mar self-contained composting toilet was installed (see schematic below). 

Sample Collection and Analysis 

Samples were taken at the only accessible point in 
the outlet tee (concrete baffle) of the septic tank 
using a polyethylene bailer.  During the study, there 
was a period where the compost toilet was not in 
use (July 2014 - October 2014), and data collected 
during this period substitutes for "pre-operational 
data).  The four samples taken during the non-
operational period had an average Total Nitrogen 
(TN) of 42.3 mg/L and a Total Phosphorus (TP) 
concentration 4.7 mg/L respectively.  Ten 
operational samples were taken and showed an 

average TN of 13.5 mg/L and TP 3.75 mg/L. 

Outcome 

During non-operation of the composting toilet, the nitrogen load was 4.5 kg/person/year (9.9 
lbs./person/year), with water use approximated at 77 gal/person/day.  During operation of the 
compost toilet, the nitrogen load was reduced to 1.3 kg/person/year (2.9 lbs./person/year), with 
water use estimated at 70 gal/person/day. This translates to an approximate water use 
reduction of 9%, resulting in an 71% reduction in total nitrogen load and 67% reduction in 
phosphorus load. 

Residuals 

No analyses of residual solid compost or liquid compost was conducted to date. 

Power Usage 

No direct power usage readings were taken during 2014. 

Author’s Note 

This installation was a self-contained composting toilet which required significantly more user 
attention than composting toilets with larger storage capacities.   

Vent

Collection drawer

Toilet
seat
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Figure 1. Total Nitrogen (TN) and Total Phosphorus (TP) concentrations in wastewater from Case 
Study 5.  The pink shaded area denotes concentrations prior to compositing toilet installation and 
use.  The blue shaded area denotes a period of mechanical disrepair.  

Raw Data 

Date 
Collected 

Ammonia Nitrite Nitrate TKN Total N Total P 

10/17/2013   0.025 0.35 130 130.38 14 
1/13/2014   0.025 1.7 13 14.73 17 
2/25/2014   0.025 1.1 10 11.13 1.2 
3/31/2014   0.025 1.1 9.2 10.33 1.5 
4/27/2014 3.4 0.025 0.05 8.4 8.48 1.1 
5/14/2014 4.6 0.025 0.43 9.1 9.56 1.2 
6/3/2014   0.025 0.05 14 14.08 1.1 
6/30/2014   0.025 0.05 11 11.08 1.1 
7/30/2014     0.05 36 36.05 3.5 
9/3/2014 38 0.06 0.05 45 45.11 4.8 
9/22/2014   0.025 0.05 45 45.08 5.5 
10/22/2014   0.025 0.05 43 43.075 5.1 
11/17/2014   0.025 0.05 24 24.075 10 
12/9/2014   0.025 0.05 16 16.075 1.6 
1/5/2015   0.025 0.05 15 15.075 1.7 
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Appendix 2 
Compost Toilet Effluent: Can compost toilet effluent be 
composted to make an enhanced soil amendment? 
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Abstract: Lately, there has been an increased interest in the use of composting 

toilets in highly sensitive environmental areas on Cape Cod, Massachusetts. 

Compost toilets are potentially ecologically sustainable. A by-product of 

composting toilet is a small amount of liquid effluent which must be properly 

managed. One potential management option is to include the effluent in backyard 

or commercial yard and leave compost systems with the potential for making an 

enhanced soil amendment.  

This project focused on compost toilet effluent (CTE) as a potential feedstock for 

inclusion in compost systems. The effluent is over 98% water and has limited 

nutrient value.  A highly absorbent material is needed to compliment the high 

moisture content if the effluent is to be used in a compost system. The effluent 

provides very little additional benefit to the compost process besides the addition 

of moisture.   

Moisture holding capacity, percent dry matter, and bulk density were measured 

for three potential dry carboneous feedstock materials available on Cape Cod. 

The materials evaluated were oak leaves, horsebedding, and woodshavings. 

Dewar flask test and field compost piles were constructed to assess the 

compostability of the compost toilet effluent.  

Horsebedding had the best moisture holding capacity followed by woodshavings 

and oak leaves. The results of the Dewar flask test and field compost piles 

indicated that the addition of CTE to any of the carboneous material is not 

sufficient for the compost process to occur. For the compost process to occur 

properly, addition of nitrogen feedstock would be required. CTE will not create an 

enhanced soil amendment.  
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Introduction: 
  
Compost toilet effluent (CTE) is a liquid by-product of composting toilets. The 
effluent was evaluated for the use in compost systems. Dewar flask test and 
static compost piles were used to determine compost recipes. Three commonly 
found carbon feedstocks were used in the study.    
CTE is approximately 98% water and contains very few nutrients. No 
combination of carbon material and CTE resulted in an acceptable compost 
recipe.  CTE will not create an enhanced soil amendment material.  An 
alternative to compost should be sought for the management of CTE.  
  
Project Objective:  
 

 Determine if compost toilet effluent has value in the compost process and 
can enrich the compost by: 

o analyzing what type of readily available dry carbon feedstocks 
could potentially be used as complimentary compost material with 
the compost toilet effluent and the volumes required  

o evaluating the compost toilet effluent in the compost process   
o determining the amount of carbon material required to manage 

1000 gallons of effluent 
 
Results and Discussion: 
 

Compost Material: 
 
A composite sample of the compost toilet effluent was submitted to the University 
of Maine Soil Analytical Laboratory as a compost feedstock (Table 1). 
 
Table 1. Compost Effluent Characteristics 
 
Bulk Density 
lbs./cubic yd.  

Total 
Solids: % 

Total 
Volatile 
solids:% 

% moisture  

730 1.81 33.4 98.19  
  
Total volatile solids (TVS) are a measure of the compostability of a material. A 
low TVS value indicates there is little compostable material in the feedstock. 
Ideally, the TVS value would be greater than 40%. The material is primarily water 
at 98.19% moisture. Total carbon was not able to be determined because of the 
small amount of total solids. Bulk density, % moisture and water holding capacity 
for three complimentary feedstocks were determined using standard laboratory 
procedures (Table 2). 
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Table 2.  Feedstock Characteristics  
 
Carbon feedstock Bulk Density 

lbs./cubic yard 
% Moisture % Water Holding 

Capacity 
 

Horsebedding 485 18 151 
Wood Shavings 171 6 69 
Whole leaves 18 2 <10 
Shredded leaves 123 2 <10 
 

Compost Recipe Development 
 

When developing compost recipes, it is important to identify the ingredient you 
are trying to manage and its most difficult characteristic. In this project it is 
compost toilet effluent and its high moisture content. Dewar flask and static 
compost piles were used to evaluate the compostability of compost toilet effluent. 
The compost toilet effluent was blended, by hand, with each of the 
complimentary feedstocks.  
 
The Dewar flasks are typically used to test compost for maturity, but can also be 
used to analyze compost recipes. In this project, the Dewar flask was used to 
analyze potential compost recipes with compost toilet effluent from different 
sources.   
  
Table 3. Dewar flask  
 
Carbon feedstock Compost Effluent 

Location number 
Recipe Ratio Maximum 

Temperature Fo 
Horsebedding 2 3:1 65 
Wood shavings 2 5:1 66 
Shredded leaves 2 6:1 77 
Horsebedding 3 3:1 66 
Wood shavings 3 5:1 68 
Shredded leaves 3 6:1 74 
 
The recipe ratios (Table 3) were determined based on the complimentary 
feedstocks water holding capacity to maintain proper moisture (40-60%) for 
compostability. Because of the high moisture content and low total N of the CTE, 
the C:N ratios  (60-275:1) in all recipes were above the optimal range of 25-30-1. 
The lack of available N in the recipe was probably the cause for no heating in the 
Dewar flask. There were also low TVS in the shredded leaves recipe.  
 
Separate static aerated piles were made of horsebedding and dry wood shavings 
with approximately 50 gallons of CTE. Each pile was approximately 2 cubic 
yards. This is a similar ratio used in the Dewar flask test. Piles were inside a 
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large barn so not to be affected by snow and cold. Moisture content was 
approximately 65% but C:N ratios were above optimal levels. Pile temperatures 
were monitored using Hobo data loggers for seven days. Pile temperatures 
remained at ambient temperature throughout the seven days.  
 
Both trials indicated that CTE mixed only with a carboneous feedstock will not 
compost. An additional N feedstock would be required to lower the C:N ratio. 
Potential N sources would be poultry litter, dairy manure or lawn grass.  Lowering 
the amount of CTE in the recipe would not significantly change the C:N ratio 
because of the low Total N in CTE.  
 

Nutrient Enhancement of Compost by CTE 
 

Adding CTE to a compost pile will not significantly enhance the nutrient content 
of compost. The nutrient content of CTE was calculated using data provided by 
Barnstable County Department of Health and Environment. In 100 gallons of 
CTE there is approximately 0.7- 2.0 lbs. of N and 0.04 – 0.72 lbs. of P. Another 
way to report the results would be in a fertilizer N-P-K ratio. Compost toilet 
effluent has an approximate N-P-K ratio of 0.08-0.005-X to 0.24-0.09-X 
(Potassium was not calculated.) Typical finished compost has a nutrient content 
of 1-2-2. The nutrient contents reported here are similar to the nutrient content of 
other compost effluent (compost teas). Most organic fertilizers have a 
significantly higher level of plant nutrients.  
 

Practical methods and effort of blending CTE effluent required facility size  
 
Moisture management is essential when disposing of CTE.  CTE is 98.19% 
water. For every 1,000 gallons of CTE produced, approximately1600 cubic yards 
of dry carbon material would be required to control the moisture. This estimate is 
dependent on the moisture content of the dry carbon material. The material used 
in this project was very dry. Therefore, this estimate carbon material could be 
low. This amount of material would require a covered storage space for dry 
carbon feedstocks and approximately ¾ of an acre for processing.  
 
I don’t see this as a practical or sustainable method to manage CTE as there is 
no additional value in the end product. Another issue with this method is how to 
efficiently combine the carbon material with the CTE. Additional equipment may 
be required for large volumes of CTE. Dumping five gallon pails at a time is not 
realistic on a large scale.  
 
Human pathogens were not evaluated in this study. Other studies have shown 
pathogen reduction during the compost process when thermophilic (between 110 
-160o F) temperature is achieved. The temperature and time requirement is 
specific to each pathogenic organism. The EPA standard for pathogen reduction 
is maintaining pile temperature of at least 131oF for at least 15 days. 
Temperature is not the only factor that can reduce pathogenic organisms in 
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compost piles.  Competition for food, predation, and inhibition and antagonism by 
compost microorganisms are other mechanisms that assist in reducing pathogen 
populations in compost. Pathogen reduction should be should be considered in 
any potential management system for CTE.  
 
Conclusion: 
 
Composting CTE with only a carbon source is not a viable option. CTE could be 
added to existing compost piles that need additional moisture. The CTE will not 
significantly change the C:N ratio or % TVS or enhance the nutrient content of 
the finished compost.   
 
 

THE INVESTIGATION OF BLACKWATER SEPARATION AS A MEANS OF NUTRIENT 
MANAGEMENT IN WATERSHEDS OF NITROGEN SENSITIVE MARINE EMBAYMENTS 
PROJECT # 10-2/319

 Page 33



Appendix 3 
Literature Review of Urine Use as a Potential Fertilizer and 
Compost Feedstock 
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	   1	  

Literature	  Review	  of	  Urine	  Use	  as	  a	  Potential	  Fertilizer	  and	  Compost	  Feedstock	  
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Urine	  diverting	  toilets	  are	  gaining	  popularity	  as	  we	  face	  limited	  resources	  

and	  the	  need	  to	  recycle	  nutrients	  to	  satisfy	  demands.	  	  Of	  the	  nutrients	  excreted	  each	  

day	  by	  humans,	  urine	  contains	  88%	  of	  the	  nitrogen,	  67%	  of	  the	  phosphorous,	  and	  

73%	  of	  the	  potassium	  (Kirchmann	  and	  Petersson,	  1995).	  The	  University	  of	  Vermont	  

Agricultural	  &	  Environmental	  Testing	  Laboratory	  performed	  a	  fertilizer	  analysis	  of	  

treated	  (sanitized)	  urine	  and	  found	  4.41	  g/L	  total	  N,	  0.31	  g/L	  total	  P,	  and	  1.62	  g/L	  

total	  K	  (Nace	  2014).	  Winker	  (et	  al.	  2009)	  and	  Makaya	  (et	  al.	  2014)	  reported	  slightly	  

different	  levels	  of	  N	  (7-‐9gN/L)	  and	  P	  (0.3-‐	  0.7gP/L).	  	  

Urine	  also	  contains	  trace	  elements,	  including	  boron,	  copper,	  zinc	  

molybdenum,	  iron,	  cobalt	  and	  manganese,	  which	  have	  the	  potential	  to	  be	  recycled	  

through	  urine	  use	  (Rodushkin	  and	  Odman,	  2001).	  	  There	  are	  few	  heavy	  metals	  in	  

urine,	  as	  most	  are	  excreted	  through	  feces	  due	  to	  their	  limited	  absorption	  through	  

the	  human	  intestine	  (Vahter	  et	  al.	  1991).	  	  Because	  of	  the	  relatively	  high	  proportion	  

of	  nutrients	  in	  urine,	  compared	  to	  feces,	  the	  source-‐separation	  of	  urine	  could	  be	  a	  

more	  sustainable	  way	  to	  recover	  these	  nutrients,	  rather	  than	  dealing	  with	  a	  

heterogenous	  mixture	  of	  materials	  on	  the	  wastewater	  end.	  	  Various	  methods	  of	  

excrement	  separation	  and	  storage	  affect	  the	  waste	  products	  differently	  (Vinneras	  

and	  Jonsson,	  2002).	  	  For	  example,	  some	  urine	  diverting	  toilets	  use	  water	  to	  remove	  

the	  excreted	  material,	  while	  others	  do	  not,	  affecting	  the	  ultimate	  dilution	  and	  

potential	  microbial	  activity	  in	  each.	  	  	  
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How	  urine	  and	  feces	  are	  separated	  or	  diverted	  can	  affect	  the	  properties	  of	  

the	  material.	  	  Fecal	  misplacement	  is	  one	  factor	  that	  complicates	  the	  discussion	  of	  

using	  urine	  as	  a	  recycled	  product.	  	  Despite	  the	  separate	  collection	  of	  urine	  and	  feces	  

with	  urine-‐diverting	  toilets,	  some	  fecal	  material	  tends	  to	  contaminate	  the	  urine.	  	  

There	  are	  typically	  very	  few	  pathogens	  in	  the	  urine	  of	  healthy	  humans,	  and	  

therefore	  minimal	  risk	  of	  environmental	  transmission.	  	  The	  vast	  majority	  of	  

pathogens	  excreted	  are	  found	  in	  feces.	  	  When	  fecal	  material	  contaminates	  urine,	  the	  

risk	  of	  transmitting	  pathogens	  in	  urine	  is	  increased.	  	  With	  source-‐separated	  

systems,	  there	  is	  an	  average	  of	  9.1	  mg	  of	  feces	  per	  liter	  of	  urine	  (Schonning	  et	  al.	  

2002).	  	  This	  contamination	  can	  harbor	  both	  enteric	  viruses	  and	  bacteria.	  	  The	  most	  

commonly	  studied	  in	  urine	  include	  rotavirus	  (responsible	  for	  severe	  

gastroenteritis),	  Escherichia	  coli	  and	  Salmonella	  typhimurium,	  microbes	  known	  for	  

causing	  serious	  diseases	  in	  humans,	  and	  which	  have	  the	  potential	  to	  be	  transmitted	  

through	  urine	  (Gerba	  et	  al.	  1996,	  Park	  and	  Diez-‐Gonzalez,	  2003).	  	  	  

How	  these	  and	  other	  microbes	  respond	  in	  urine	  varies,	  but	  one	  management	  

technique	  that	  has	  been	  extensively	  studied	  in	  Sweden	  and	  Germany	  is	  the	  storage	  

of	  source-‐separated	  urine	  in	  closed	  vessels	  for	  six	  months.	  	  When	  urine	  is	  excreted,	  

the	  pH	  is	  around	  6,	  but	  under	  storage	  conditions,	  the	  urea	  is	  hydrolyzed	  to	  ammonia	  

and	  the	  pH	  rises	  to	  8.8-‐9.2	  (Vinneras	  et	  al.	  2008).	  	  Ammonia	  at	  a	  minimum	  of	  5mM	  

will	  inactivate	  both	  S.	  typhimurium	  and	  E.	  coli	  over	  the	  course	  of	  several	  months	  

(Park	  and	  Diez-‐Gonzalez,	  2003).	  	  Overall	  microbial	  inhibition	  in	  stored	  urine	  is	  a	  

function	  of	  ammonia	  concentration,	  urine	  dilution	  rate	  and	  temperature	  (Hoglund	  et	  

al.	  2002).	  	  In	  a	  study	  looking	  at	  the	  effect	  of	  temperature	  on	  storage	  tank	  microbes,	  
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urine	  was	  stored	  at	  4,	  14,	  24,	  and	  34°C	  and	  was	  monitored	  for	  several	  months.	  	  

Microbes	  in	  urine	  stored	  at	  24	  and	  34°C	  were	  inhibited	  much	  more	  quickly	  than	  in	  

urine	  at	  lower	  temperatures	  (Vinneras	  et	  al.	  2008).	  	  This	  influence	  of	  temperature	  

on	  survivorship	  of	  the	  microbiota	  in	  urine	  is	  likely	  influenced	  by	  higher	  ammonia	  

concentrations	  (>40mM),	  greater	  cell	  permeability	  and	  overall	  vulnerability	  of	  the	  

microbes	  (Vinneras	  et	  al.	  2008	  and	  Jenkins	  et	  al.	  1998).	  	  	  

Dilution	  of	  urine	  also	  affects	  the	  storage	  sterilization	  process.	  	  Flush	  water	  

dilutes	  urine	  to	  different	  degrees	  (depending	  on	  the	  toilet	  model)	  (Vinneras	  and	  

Jonsson,	  2002).	  	  Microbes	  in	  undiluted	  urine	  are	  inhibited	  in	  storage	  more	  quickly	  

than	  microbes	  in	  a	  1:1	  or	  1:3	  dilutions	  with	  water.	  	  However,	  at	  temperatures	  

around	  34°C,	  they	  are	  typically	  all	  still	  inhibited	  within	  the	  6-‐month	  period	  

(Vinneras	  et	  al.	  2008).	  	  For	  storage	  temperatures	  less	  than	  20C,	  use	  of	  urine	  needs	  

to	  be	  restricted	  to	  crops	  not	  used	  for	  human	  consumption,	  due	  to	  the	  limited	  

reduction	  of	  viruses	  at	  low	  temperatures	  (Vinneras	  et	  al.	  2008).	  	  Research	  looking	  

specifically	  at	  the	  effects	  of	  temperature	  on	  viral	  inactivation	  found	  that	  rotavirus	  

had	  4-‐10x	  greater	  inactivation	  at	  20°C	  than	  at	  5°C	  (Hoglund	  et	  al.	  2002).	  	  This	  

inactivation	  was	  temperature	  dependent,	  as	  the	  ammonia	  concentrations	  and	  pH	  

were	  held	  constant	  (Hoglund	  et	  al.	  2002).	  	  The	  temperature	  component	  is	  an	  

important	  one	  as	  rotavirus	  and	  other	  viruses	  are	  resistant	  to	  inhibition	  at	  high	  pH,	  

so	  need	  to	  be	  reduced	  by	  high	  temperatures	  (Gerba	  et	  al.	  1996).	  	  Makaya	  	  (et	  al.	  

2014)	  reported	  that	  after	  30	  days	  of	  exposure	  to	  sunlight	  urine	  collected	  via	  eco-‐

toilet	  becomes	  bacteriologically	  sanitized,	  and	  can	  therefore	  be	  used	  to	  fertilize	  

soils.	  However,	  it	  is	  necessary	  to	  demonstrate	  the	  inactivation	  of	  other	  groups	  of	  
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enteric	  microorganisms	  in	  human	  urine	  during	  storage.	  

Monitoring	  microbial	  concentrations	  in	  stored	  urine	  can	  be	  complicated	  

because	  microbes	  commonly	  used	  for	  water	  quality	  assessments	  may	  not	  work	  well	  

for	  studying	  microbes	  in	  urine.	  	  The	  commonly	  used	  E.	  coli	  die	  off	  quickly	  in	  urine,	  

while	  fecal	  streptococci	  can	  grow	  in	  wastewater	  systems	  (Hoglund	  et	  al.	  1998).	  	  

Fecal	  sterols	  may	  be	  a	  useful	  tool	  in	  monitoring	  stored	  urine,	  and	  could	  be	  a	  good	  

alternative	  to	  microbes	  commonly	  used	  when	  testing	  water	  quality	  (Schonning	  et	  al.	  

2002).	  

	   Another	  complication	  with	  separating	  and	  using	  urine	  are	  the	  anthropogenic	  

compounds	  excreted.	  	  Pharmaceuticals	  are	  metabolized	  in	  our	  bodies	  at	  varying	  

efficiencies.	  	  Approximately	  70%	  of	  the	  total	  pharmaceutical	  residues	  are	  excreted	  

in	  urine,	  and	  of	  42	  common	  pharmaceuticals	  in	  one	  study,	  49%	  of	  these	  were	  

metabolites	  (Lienert	  et	  al.	  2007).	  	  Metabolism	  decreases	  the	  toxicity	  of	  many,	  but	  

not	  all	  drugs.	  	  Metabolites	  tend	  to	  be	  polar,	  water-‐soluble	  compounds	  and	  are	  

expected	  to	  be	  highly	  concentrated	  in	  urine	  (Lienert	  et	  al.	  2007).	  	  However,	  there	  is	  

a	  lot	  of	  variation	  among	  drugs	  and	  their	  solubility	  (Lienert	  et	  al.	  2007).	  	  While	  many	  

excreted	  pharmaceuticals	  are	  metabolites,	  many	  are	  in	  their	  original	  form,	  which	  is	  

a	  cause	  for	  concern	  when	  considering	  the	  uses	  of	  urine.	  	  	  

Studies	  looking	  at	  the	  sensitivities	  of	  different	  plants	  fertilized	  by	  urine,	  have	  

found	  varying	  rates	  of	  pharmaceutical	  plant	  uptake	  and	  soil	  accumulation.	  	  Research	  

examining	  at	  the	  effects	  of	  carbamazepine	  and	  ibuprofen	  (both	  commonly	  excreted	  

in	  urine)	  found	  that	  while	  ibuprofen	  was	  decomposed	  rapidly	  by	  soil	  microbiota,	  

and	  did	  not	  affect	  a	  ryegrass	  crop,	  53%	  of	  the	  carbamazepine	  applied	  was	  recovered	  
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in	  soil	  three	  months	  after	  application.	  	  Carbamazepine	  was	  also	  found	  to	  accumulate	  

in	  the	  roots	  of	  rye	  grass	  (Winker	  et	  al.	  2010).	  	  Veterinary	  medicines	  excreted	  in	  cow	  

manure	  have	  been	  found	  to	  persist	  in	  soil	  and	  accumulate	  in	  plants	  (Boxall	  et	  al.	  

2006).	  	  A	  study	  of	  chloroquine,	  quinacrine,	  and	  metronidazole	  application	  in	  urine	  

found	  that	  soybeans	  are	  sensitive	  to	  these	  compounds	  in	  varying	  degrees	  in	  a	  dose-‐

dependent	  manner	  (Jjemba,	  2002).	  	  Pharmaceuticals	  are	  typically	  consumed	  to	  

address	  specific	  concerns	  in	  the	  human	  body.	  	  These	  compounds	  may	  affect	  the	  soil	  

microbiota	  in	  a	  specific	  way.	  	  For	  example,	  a	  pharmaceutical	  that	  is	  taken	  to	  address	  

and	  kill	  a	  protozoa	  infection	  may	  inhibit	  protozoa	  in	  soil	  if	  the	  pharmaceutical	  

contaminated	  urine	  is	  applied	  to	  the	  soil	  (Jjemba,	  2002).	  	  Antibiotics	  excreted	  in	  

urine	  can	  persist	  in	  soil	  and	  can	  negatively	  affect	  soil	  bacteria	  (Kumar	  et	  al.	  2005b).	  	  

There	  is	  a	  lot	  that	  we	  do	  not	  know	  about	  how	  pharmaceuticals	  may	  accumulate	  in	  

soil,	  their	  potential	  to	  be	  transferred	  to	  groundwater	  and	  how	  plant	  growth	  and	  

uptake	  are	  affected	  (Winker	  et	  al.	  2010).	  

	   Despite	  the	  challenges	  of	  urine	  contamination,	  using	  urine-‐diverting	  toilets	  

to	  acquire	  and	  utilize	  urine	  has	  become	  increasingly	  popular.	  	  Recent	  research	  has	  

been	  done	  to	  find	  uses	  for	  the	  diverted	  urine	  that	  can	  make	  use	  of	  the	  reasonably	  

high	  nutrient	  content.	  	  One	  of	  the	  major	  research	  topics	  investigates	  the	  potential	  

use	  of	  urine	  as	  a	  crop	  fertilizer.	  	  Fertilizing	  with	  urine	  may	  be	  a	  useful	  alternative	  for	  

farmers	  dealing	  with	  the	  rising	  costs	  of	  chemical	  fertilizers	  and	  may	  help	  address	  

some	  of	  our	  waste	  management	  goals	  as	  we	  try	  to	  avoid	  polluting	  water	  bodies	  with	  

human	  excrement	  (Karak	  et	  al.	  2011).	  	  Research	  has	  found	  some	  promise	  with	  using	  

urine	  as	  a	  fertilizer,	  due	  to	  its	  high	  nitrogen	  (9gN/L),	  phosphorous	  (0.7gP/L),	  
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potassium,	  sulfur	  and	  micronutrient	  content	  (Winker	  et	  al.	  2009).	  	  One	  study	  

compared	  cucumber	  yields	  with	  urine	  fertilizer	  and	  a	  mineral	  fertilizer,	  applying	  

each	  at	  equal	  nitrogen	  rates.	  	  They	  found	  comparable	  yields	  between	  the	  two	  

fertilizers	  with	  no	  enteric	  microbes	  observed	  in	  the	  fruits	  (Heinonen-‐Transki	  et	  al.	  

2007).	  	  Comparable	  yields	  were	  also	  achieved	  when	  urine	  was	  used	  to	  fertilize	  

cabbage	  (Pradhan	  et	  al.	  2007)	  and	  tomatoes	  (Pradhan	  et	  al.	  2009).	  	  Another	  study	  

using	  sterile	  urine	  for	  hay	  production	  examined	  the	  effect	  of	  urine	  dilution	  on	  

fertilizer	  effectiveness.	  	  They	  found	  that	  undiluted	  urine	  produced	  the	  greatest	  

yields,	  with	  no	  damaging	  effect	  to	  the	  crop	  (Nace,	  2014).	  	  Undiluted	  urine	  was	  

thought	  to	  potentially	  harm	  plants	  due	  to	  the	  high	  ammonia	  content;	  however,	  with	  

the	  application	  of	  urine,	  there	  was	  little	  ammonia	  loss	  because	  the	  urine	  

immediately	  soaked	  into	  the	  soil	  (Nace,	  2014).	  	  A	  study	  looking	  at	  nitrogen	  loss	  with	  

urine	  fertilizer	  found	  less	  than	  10%	  nitrogen	  loss	  when	  urine	  was	  applied	  to	  bare	  

soil,	  and	  they	  found	  that	  they	  could	  reduce	  the	  ammonia	  loss	  to	  less	  than	  1%	  when	  

urine	  was	  immediately	  incorporated	  into	  soil	  following	  application	  (Rodhe	  et	  al.	  

2004).	  	  No	  nitrogen	  loss	  was	  detected	  when	  urine	  was	  applied	  to	  a	  growing	  barley	  

crop	  (Rodhe	  et	  al.	  2004).	  	  	  

Despite	  these	  successes	  of	  using	  urine’s	  nutrients	  to	  fertilize	  crops,	  more	  

research	  still	  needs	  to	  be	  done	  to	  optimize	  both	  storage	  and	  handling	  practices	  

(Winker	  et	  al.	  2009).	  	  A	  lot	  of	  research	  looking	  at	  urine	  use	  in	  a	  fertilizer	  fails	  to	  

consider	  the	  urine’s	  composition,	  beyond	  basic	  NPK	  content.	  	  Urine	  tends	  to	  have	  a	  

high	  salt	  concentration	  as	  soluble	  salts	  are	  excreted	  from	  the	  human	  body,	  though	  

the	  actual	  conductivity	  of	  the	  urine	  is	  often	  overlooked	  (Mnkeni	  et	  al.	  2008).	  	  When	  
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using	  urine	  as	  a	  crop	  fertilizer,	  this	  salt	  content	  can	  build	  up	  in	  the	  soil	  and	  can	  

negatively	  impact	  the	  growth	  of	  salt-‐sensitive	  plants	  (Karak,	  2011).	  	  One	  study	  

investigating	  the	  impact	  of	  urine’s	  salinity	  on	  the	  soil	  found	  that	  following	  

application,	  the	  pH	  of	  the	  soil	  decreased	  from	  5.7	  to	  4.9	  and	  the	  salinity	  increased	  

from	  1.48	  to	  13.35mS/cm	  (Mnkeni	  et	  al.	  2008).	  	  They	  tested	  two	  crops	  to	  see	  how	  

well	  they	  responded	  to	  urine	  fertilization:	  beetroot	  (salt	  tolerant)	  and	  carrots	  (salt	  

sensitive).	  	  The	  salt-‐tolerant	  beetroot	  was	  able	  to	  osmotically	  adjust	  to	  be	  able	  to	  

take	  up	  water	  from	  the	  soil	  and	  the	  growth	  was	  not	  negatively	  impacted	  (Mnkeni	  et	  

al.	  2008).	  	  The	  yield	  for	  carrots,	  on	  the	  other	  hand	  was	  significantly	  reduced	  with	  the	  

high	  soil	  salt	  when	  fertilizing	  with	  urine	  (Mnkeni	  et	  al.	  2008).	  	  They	  suggested	  that	  

rotating	  in	  a	  crop,	  such	  as	  Salicornia	  europea	  (an	  edible	  succulent),	  that	  will	  take	  up	  

salts,	  could	  be	  a	  good	  option	  to	  deal	  with	  soil	  salt	  build	  up	  resulting	  from	  the	  

application	  of	  urine	  fertilizer	  (Mnkeni	  et	  al.	  2008).	  This	  may	  not	  be	  applicable	  to	  the	  

Northeastern	  USA	  as	  this	  study	  was	  conducted	  in	  South	  Africa.	  

	   Another	  potential	  use	  for	  urine	  would	  be	  as	  a	  nitrogen	  rich	  feedstock	  in	  

composting.	  	  However,	  there	  is	  currently	  very	  little	  research	  being	  done	  on	  the	  use	  

of	  urine	  as	  a	  compost	  feedstock.	  	  The	  vast	  majority	  of	  information	  on	  composting	  

urine	  is	  anecdotal	  and	  suggests	  that	  people	  should	  use	  household	  urine	  on	  their	  

compost	  without	  any	  need	  for	  sanitation.	  	  Few	  studies	  have	  been	  done	  on	  large-‐

scale	  compost	  systems	  about	  how	  urine	  could	  affect	  compost.	  	  A	  project	  by	  the	  Rich	  

Earth	  Institute	  in	  Vermont	  may	  help	  us	  answer	  the	  question	  of	  how	  urine	  performs	  

in	  compost.	  	  Their	  experiment,	  currently	  underway,	  will	  be	  using	  human	  urine	  as	  a	  

compost	  feedstock	  and	  seeing	  if	  that	  compost	  could	  have	  better	  characteristics	  in	  
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application	  than	  does	  urine	  alone	  (Nace,	  2015).	  	  One	  study	  considering	  the	  addition	  

of	  sheep	  urine	  to	  compost	  found	  that	  adding	  urine	  increased	  the	  overall	  nitrogen	  

content	  of	  the	  compost	  following	  curing	  (Sangare	  et	  al.	  2002).	  	  Urine	  is	  known	  to	  be	  

rich	  in	  nitrogen,	  so	  this	  nitrogen	  increase	  in	  the	  compost	  was	  expected.	  	  Adding	  

urine	  to	  compost	  may	  accelerate	  the	  composting	  process	  if	  the	  compost	  is	  rich	  in	  

carbon	  (Sangare	  et	  al.	  2002).	  

	   Several	  studies	  have	  looked	  at	  adding	  urea	  (the	  primary	  nitrogenous	  

component	  of	  urine)	  to	  compost	  as	  an	  easy-‐to-‐handle	  nitrogen	  source.	  	  Veijalainen	  

et	  al.	  2007,	  researched	  urea’s	  potential	  to	  replace	  horse	  manure	  in	  forest	  nursery	  

waste	  compost.	  	  By	  applying	  a	  nitrogen	  source	  with	  urea,	  which	  contains	  only	  

nitrogen	  and	  not	  the	  phosphorous	  and	  other	  nutrients	  found	  in	  horse	  manure,	  they	  

found	  that	  the	  compost	  did	  not	  reach	  the	  thermophilic	  stage	  (Veijalainen	  et	  al.	  

2007).	  	  This	  stage	  in	  composting	  is	  typically	  when	  microbial	  activity	  is	  at	  its	  highest.	  	  

With	  horse	  manure	  as	  a	  nitrogen	  source,	  the	  compost	  adequately	  heated	  up	  and	  

composted	  the	  material	  more	  successfully	  (Veijalainen	  et	  al.	  2007).	  	  Applying	  whole	  

urine	  to	  compost	  would	  add	  both	  the	  nitrogen	  of	  urea	  as	  well	  as	  other	  nutrients	  

(including	  phosphorous),	  which	  may	  improve	  the	  composting	  process,	  compared	  to	  

adding	  urea	  alone.	  	  However,	  more	  research	  needs	  to	  be	  conducted	  on	  how	  the	  

nutrient	  content	  of	  urine	  affects	  composting	  before	  we	  can	  determine	  if	  urine	  is	  a	  

viable	  compost	  feedstock.	  

Source-‐separated	  urine	  with	  its	  high	  nutrient	  content	  and	  low	  cost	  is	  gaining	  

popularity	  in	  research	  particularly	  for	  its	  use	  as	  a	  potential	  fertilizer.	  	  Several	  

countries	  including	  Sweden	  (Rodhe	  et	  al.	  2004)	  and	  South	  Africa	  (Mnkeni	  et	  al.	  
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2008)	  are	  currently	  using	  urine	  to	  fertilize	  some	  of	  their	  crops,	  and	  finding	  success	  

both	  in	  terms	  of	  crop	  growth	  and	  pollution	  reduction.	  	  However,	  there	  are	  risks	  that	  

need	  to	  be	  addressed	  and	  questions	  still	  unanswered	  about	  the	  effect	  of	  

contaminants	  from	  urine	  both	  on	  crops	  and	  on	  the	  animals	  that	  consume	  those	  

crops.	  	  There	  is	  the	  possibility	  with	  crop	  contamination	  that	  you	  could	  raise	  the	  risk	  

of	  allergic	  reactions,	  chronic	  effects	  from	  low-‐level	  long-‐term	  exposures,	  and	  the	  

development	  of	  antibiotic-‐resistance	  in	  soil	  (Dolliver	  et	  al.	  2007,	  Kumar	  et	  al.	  

2005a).	  	  More	  research	  is	  also	  needed	  to	  investigate	  the	  use	  of	  urine	  as	  a	  feedstock	  

in	  compost.	  	  A	  simple	  Google	  search	  yields	  many	  hits	  from	  blogs	  urging	  people	  to	  

compost	  with	  urine.	  	  However,	  there	  is	  little	  evidence	  from	  the	  scientific	  community	  

to	  support	  its	  use	  in	  compost.	  	  The	  potential	  for	  contamination	  with	  both	  fecal	  and	  

pharmaceutical	  material	  emphasizes	  the	  need	  for	  caution	  when	  using	  urine.	  	  With	  

the	  growing	  interest	  in	  source-‐separated	  urine	  and	  harvesting	  its	  nutrients,	  we	  need	  

to	  have	  a	  better	  understanding	  of	  the	  implications	  of	  urine	  use.	  
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