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EXECUTIVE SUMMARY 

The Hampden Water Conservation Project was conducted by the Massachu

setts Audubon Society at its Laughing Brook Education Center and Wildlife 

Sanctuary in Hampden, MA. The project had two main goals: 1) to demon

strate that composting toilets can be an effective and appropriate means 

of water conservation and 2) 

tion in general and about the 

to educate the public about water 

Clivus Multrufin particular. 

conserva-

A Clivus Multrum composting toilet was chosen as the model to be used 

in this project. It is a biological unit which uses bacteria and other 

organisms to decompose human and kitchen wastes into odorless rich 

compost. It is a passive system with only one mechanical part, a small 

electric fan. The Clivus Multrum was selected because of its successful 

track record in the Scandanavian countries and its ease of operation and 

maintenance. The Hampden Board of Health approved the installation of 

the unit at the Sanctuary as a demonstration unit for staff use only and 

it was installed and began operating in March of 1981. Continuous moni

toring by the Massachusetts Audubon staff of the input into the Clivus was 

carried out for the duration of the project. Monitoring of the tempera

ture inside the tank and of gases that were being formed in the tank took 

place for eight to twelve months of the project period. 

A literature search to document the rationale for the use of com-

posting toilets, their operation and various models was undertaken as a 

working document for the project. A copy is on file at the Division of 

Water Pollution Control, Westborough, MA. 

ii 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

During the period of time that the Clivus Multrum was being used on 

a daily basis by the Laughing Brook Education Center staff, educational 

materials and programs were being written and conducted to inform the pub

lic and school students about water conservation in general and the opera

tion of the Clivus Multrum in particular. Curriculum units on water con

servation were written and piloted in area junior and senior high schools 

and are still available in Laughing Brook's Environmental Resource Library 

for use by teachers. They are on file at Laughing Brook's Resource Li

brary. Programs on water conservation were given to the public. Exten

sive information on the Clivus Multrum composting toilet was sent to all 

of the boards of health in the Greater Springfield area. A copy of this 

information is in the appendices. All of the appendices are bound sepa

rately and may be obtained from the Division of Water Pollution Control 

offices in Westborough or at the Laughing Brook Education Center. 

The Clivus Multrum holding tank served as an infor~ational display. 

It was painted with bright graphics, which describe how the toilet func

tions, and other exhibits on water conservation were installed near the 

toilet room. Brochures explaining how the system works are available as 

handouts to all visitors to the Sanctuary. 

During the operational and monitoring phase of the project, some 

minor problems were experienced. The Clivus Multrum system at Laughing 

Brook was started with peat moss, which is what had been recommended by 

Clivus Multrum, U.S.A. in 1981. The peat moss compacted on the bottom of 

the tank and prevented the compost that formed from moving down the tank 
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and through the air baffles the way that it was supposed to. Conse

quently, on two occasions, the tank appeared to be filling up and there

fore, the use of the toilet was suspended. The second time this happened 

was after the system had been in operation for five years. Because the 

system takes three to five years for compost to form, end-product was 

expected to be ready to be taken out at this time. A thorough investiga

tion of the problem revealed that there was no movement of compost through 

the tank and that compost would not be able to be taken from the end of 

the tank because the peatmoss was preventing it from moving. In December 

of 1986, after the vent had been operating for almost five years, the tank 

was cleaned out and finished compost was retrieved from a layer in between 

the peatmoss and the recent waste. The system was re-started using saw

dust. 

The end-product was tested for those parameters which would evaluate 

the material for its suitability as a soil conditioner and to make recom

mendations for its disposal in accordance with the state regulations for 

the land application of sludge and septage. The end-product contained 

negligible amounts of fecal coliform(< 10/100 gm) and met the criteria 

for a Type II classification. This means that the end-product may be 

offered for use, sale, or distribution on a site with prior approval of 

the Department of Environmental Quality Engineering and that it may be used 

for growing any vegetation. 

Other minor operational problems related to insect outbreaks in the 

tank. These can be controlled by using sawdust as a bulking agent and by 

covering all garbage that is going to be put into the tank so that it does 
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not attract insects, During the six and one half year period that the 

tank was studied, there were no odor problems. 

Conclusions drawn from the study are that Clivus Multrum composting 

toilets are safe and effective and that they are an excellent means for 

conserving household water use, They are an acceptable alternative method 

of human waste disposal, 

Recommendations concerning the daily maintenance and operation of a 

Clivus Multrum composting toilet are as follows: 1) that these com

posting systems be started with sawdust and that sawdust be used daily as 

a bulking agent 2) that the human waste pile be stirred with a rake or 

similar tined instrument to insure airflow through the pile and to avoid 

any problems associated with compaction of the pile, 3) that garbage that 

is being collected for later disposal in the system be tightly covered so 

that it does not attract insects and 4) garbage that is already infested 

with insects should not be put into the tank, Project results also indi

cate that the State of Massachusetts could revise the State Environmental 

Code to allow the end-product from a Clivus Multrum composting toilet to 

be used as a soil conditioner since the levels of fecal coliform and toxic 

substances found in the end-product were negligible. 
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Chapter l 

INTRODUCTION AND SCOPE OF WORK 

The purpose of this study was to provide a demonstration of a Cliws 

Multrum composting toilet as a means of conserving water and to provide 

educational materials and programs to the public and to school students 

regarding this type of waste disposal system. The project also provided 

for monitoring the daily operations of a Cliws Multrum composting toilet 

and for testing of the end-product that developed according to the Massa

chusetts guidelines approved for the land application of sludge (310 CMR 

32.00 11/10/83). The project was conducted at the Massachusetts Audubon 

Society's Laughing Brook Education Center by Massachusetts Audubon staff 

members over a 6 1/2 year period from March 1981 to October 1987. All 

work on educational materials, programs, and system monitoring was done by 

Massachusetts Audubon staff. System installation, exhibit preparation, 

and end-product testing were done by outside contractors as described in 

the report. 

The scope of work for this project included nine major tasks. The 

first task was a search of the relevant literature to document the feasi

bility and rationale behind the use of composting toilets. After this 

search, a suitable composting toilet was selected to be used as a demon

stration. Proper state and local authorizations for the installation 

was obtained and the composting toilet was installed at an appropriate 

location in the Environmental Center building. The next task was to 
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design and install an educational exhibit describing how·the system oper

ates and to design and install the appropriate signs to direct people 

to the demonstration. Additional written informational materials were 

developed to inform the public about the demonstration. These materials 

included informational brochures, newsletters, and newspaper articles. 

Citizens were also informed about the project through public programs. 

The next task was to plan, organize and conduct education programs with 

local schools. The programs focused on alternative wastewater systems and 

water conservation methods. These educational materials included a curri

culum unit that contained l) materials and activities for use in class

rooms; 2) visits to the Laughing Brook Education Center to observe the 

composting toilet and conduct related activities; and 3) follow-up mate

rials for teacher use. The next task was to design a monitoring system in 

conjunction with the Division of Water Pollution Control, the Massachu

setts Department of Environmental Quality Engineering and the Massachu

setts Audubon Society scientific staff. The project was to include the 

the implementation of the monitoring system consisting of l) performance 

monitoring and 2) testing the end-product. The final task was to summa

rize and analyze the data collected to evaluate the system's performance, 

and to make recommendations about the feasibility of composting wastes as 

a viable alternative to conventional systems. 

The project was intended to last for 48 months which allowed for 36 

months of system use, monitoring, and data collection overlapping with 

24 months of testing the end-product. Some flexibility in determining the 
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time frame for the project was allowed because of our inability to predict 

just how long it would take for compost to form. The amount of time 

needed for compost to form is dependent upon several factors which vary 

from one system to another. Compost formation is affected by the tempera

ture inside the tank (higher temperatures cause decomposition to occur 

more rapidly, thus producing end-product more quickly), the number of 

users, and the size of the tank. Clivus Multrum tanks have a large capa

city, therefore, compost will not begin to slide into the takeout chamber 

until the tank is nearly full, which may take several years. 
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Chapter 2 

LITERATURE SEARCH 

Before selection and purchase of the Clivus Multrum composting toi

let, research was undertaken into the rationale for the use of composting 

toilets, their operation, and the various models available, 

General background on the need for water conservation and new technol

ogies for human waste disposal was found in the following publications that 

are in Laughing Brook's Environmental Resource Library, 

* Bradley, Polly, "Water Supply: The Problems" 
MAS Newsletter, February 1979, 

* Council on Environmental Quality, Environmental 
Quality, Issued by the Superintendent of Documents, 
U, S, Government Printing Office, Washington, D,C, 

1979, Chapter 2, "Water Quality," A general 
overview of problems of water supply and 
quality in the U, S, 

1980, Chapter 3. "Water Quality." Emphasis 
placed on groundwater quality, 

* Damman, Peter A, "Composting Toilets," New Roots. 
May - June 1980, 

* von Ranson, Jonathan 
May - June 1980, 

"Water Poli tics." New Roots. 

Other material was sent for, reviewed, and ultimately placed in the 

library, 

* Poitras, Ron "The Waterless Toilet: Is it Right for 
You?" Garden Way Bulletin A-23, Charlotte, Vt, Rationale 
summary of various types of waterless toilets including 
composting toilets, specific models listed with manu
facturer's address, Some material out of date, 
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* Save The Bay, Inc. Beyond The Pipe Dream. Save The 
Bay, Inc., Providence, RI. Alternative technology 
for human waste disposal, emphasizing municipal treat
ment techniques and case histories. Composting toilets 
mentioned. 

Three books with material specifically on composting toilets were 

reviewed and purchased for Laughing Brook's Environmental Library with 

library funds. 

* Olkowski, Helga; Olkowski, Bill; Jaerts, Tom; and 
The Falkalloners Institute Staff. The Integral 
Urban House. Sierra Club Books, San Francisco 1979 

Chapter 5: "Water Conservation", covers water 
conservation, water-saving devices, greywater 
recycling. 

Chapter 6: "Managing Organic and Inorganic 
Wastes", covers composting toilets, but some 
material is outdated. 

* Stoner, Carol Hupping, Editor. Goodbye to the Flush 
Toilet. Rodale Press, Emmaus, PA. 1979. Rationale 
for composting toilets excellent comparison of vari
ous types and models, ( though some material out-of
date) greywater treatment. 

* Van der Ryn, Sim. The Toilet Papers. Cara Press, 
Santa Barbara 1978 •. Historical background, present 
sewage treatment procedures, health issues, a moder
ate amount of information on composting toilets. 

Product information from the manufacturers was also gathered and in

cluded descriptive information about the Envirolet, Humus, and Mullbank 

systems, as well as the Clivus Multrum. Copies of this information can 

be found in the Appendices to this report. The complete Appendices are on 

file at the Division of Water Pollution Control offices in Westborough, 

MA. and at the Environmental Resource Library at the Laughing Brook Educa

tion Center in Hampden, MA. 
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Chapter 3 

SELECTION, INSTALLATION, AND AUTHORIZATION 

After reviewing literature concerning waterless waste disposal sys

tems, it was decided to purchase a Clivus Multrum composting toilet. This 

toilet has been in successful operation in the Scandinavian countries for 

thirty years. The Clivus Multrum is a biological composting toilet which 

uses bacteria, fungi, and other organisms to decompose human and kitchen 

wastes into an odorless, rich compost. Kitchen wastes enter the large 

tank through the kitchen wastes chute where they mix with human wastes 

which have entered the system through the human wastes chute. Organic 

bulking agents such as sawdust, leaves, and grass clippings can also be 

added through either chute to lighten the pile, aid aeration, and provide 

medium suitable for decomposer organisms. Once the kitchen wastes, human 

wastes, and bulking agents are in the tank, they decompose at relatively 

low temperatures, rarely exceeding 90 degrees Farenheit, and a lengthy 

food web of bacteria, fungi, and other organisms is involved. The decom

position process is aerobic; air enters into the tank through the air 

vents, flows through the air ducts into the pile and leaves through the 

vent chute. The by-products of decomposition are mainly carbon dioxide 

and water vapor, which also exit via the vent chutes. The wastes are held 

back by a baffle until decomposition is complete, at which time the 

finished products move slowly between the air ducts down the slanted tank 

to the compost and liquid chambers. Decomposition is slow, but very com

plete, reducing the wastes to 10% of their original volume in from three 
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to five years. The only moving part is a small electric fan in the vent 

chute, which aids the circulation of air and ensures odorless operation. 

Before the system is started, a layer of sawdust and topsoil is put into 

the bottom of the tank. This starter layer provides a base for the waste 

and contributes decomposer microorganisms. It will gradually be replaced 

by the composting wastes as they move through the system. The finished 

compost is similar to topsoil in its appearance, texture, and bacterial 

content. 

The cost of the unit (without installation) in 1981 was $3220 (1987 

cost of a comparable system is $5,104). Although the initial expense and 

size of the tank were carefully considered, it was believed that the sta

bility of the system imparted by the large tank would far outweigh its 

disadvantages. Another consideration in the selection of the Clivus Mul

trum system was its relative ease of maintenance once its ecosystem is 

established. A bulking agent (usually sawdust) should be added daily and 

can be done easily by having the users of the system put sawdust down the 

toilet chute after each use. Once a month, the waste access door should 

be opened and the waste pile should be knocked over using a long handled 

tool such as a four-tined cultivator. Adjustments in the amount of 

bulking agent can be made at this time. The end-product access door 

should be inspected once a month and if liquid has collected, it should be 

removed. Every three months, the waste and garbage piles should be raked 

to level and if there is end-product present, it should be removed at this 

time. The ventilation system should be inspected annually and cleaned, if 

needed. 
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The location of the Clivus Multrum was determined partly by the con

figuration of the Environmental Center building and partly by the desire 

to place the Clivus Multrum adjacent to the Center's solar greenhouse so 

that both of these new technologies could be viewed by the public and 

their exhibits studied together. 

The Clivus Multrum composting toilet was installed in March of 1981 

by an independent contractor working part-time for a week's duration. 

Clivus Multrum U.S.A., Inc. provided a detailed installation manual with 

the unit. The overall dimensions of the tank are 84" high x 34" wide x 

100" long. The minimum floor space needed for installing the tank is 
I 

6' x 11', which allows room to open the end-product access hatch. The 

tank must be located directly below the toilet and garbage chutes and in 

residential applications, is usually located in the basement. The temper

ature in the room where the tank is located must be above 40 degrees in 

order for decomposition to occur. It is recommended that in situations 

where tanks are to be located in very cold basements, that an area around 

the tank be partitioned off and heated. The Clivus Multrum system can be 

installed by a homeowner who has some mechanical skills and above average 

carpentry ability. A wood tank support must be constructed to support the 

sloping underportion of the tank and to provide a stop in front of the 

tank. All hardware for the assembly of the tank and vent chutes is in

cluded with the purchase of the system. The materials for the tank sup

port must be purchased separately by the owner and these include pressure

treated ·construction grade pine or fir and plywood. 
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Authorization to install the Clivus Multrum in the Environmental Cen

ter building was obtained from the Hampden Board of Health. This approval 

is required by Regulation 310CMR 15.7 (2) of the State Environmental Code. 

This regulation states that humus toilets can only be installed or con

tinued in use in situations where such use will not endanger the health 

of any person or cause a nuisance. This regulation also governs disposal 

of the end-product. The agreement reached by Laughing Brook's administra

tion and the Hampden Board of Health was that this unit would be a demon

stration and only used by staff. The public visitors to the center would 

use public restrooms with six standard flush toilets. Copies of corre

spondence between Laughing Brook's administration and the Hampden Board 

of Health are included here. (Figures 1 and 2) 

Homeowners who wish to install a waterless waste disposal system 

must first secure approval from the Board of Health in the town where the 

system is to be located. A properly engineered design for a septic system 

in accordance with Regulation 310CMR 15.01 (5) of the State Environmental 

Code must be submitted, but the leach area needed for a waterless system 

can be reduced by 40% (310CMR 15.17 (2). Once the system is in opera

tion, any end-product that is formed must be disposed of by burial in a 

manner and location approved by the Board of Health, and it must be 

covered with a minimum of two feet of clean compacted earth. 
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LAUGHING BROOK EDUCATION CENTER AND WILDLIFE SANCTUARY 

Board of Selectmen/Health Department 
Town of Hampden, 
Hampden, Massachusetts 01036 

february 8, 1979 

I j)ear Sirs/Madam: 
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I would like to inform you of the Laughing Brook Education 
Center's plans to have a demonstration Clivus Multrum composting 
toilet unit in the new Environmental Resource Center building 
which is scheduled to begin construction this spring. 

The Clivus Multrum composting toilet will be a demonstration 
unit and educational display that will be used on a limited 
basis by the Laughing Brook staff only. This use will be only to 
the extent that is necessary to prove that the system works as an 
environmentally sound alternative to current waste disposal methods. 
The Clivus Multrum system has a storage tank that is completely 
above gound and does not involve the use of any water. I have 
enclosed some technical information from the manufacturer that 
will explain how the system works. 

We will have six conventional flush toilets in the building 
for public use. Because the Clivus Multrum is for staff use only 
as an educational demonstration project, these conventional units 
will handle all waste disposal needs for the public. 

If you have any questions about the project, please feel free 
to contact me. 

CK/lb 
Ecn. 

Sincerely, 

1 + . --t Ii ··/ ''..'-~ ~ _,_ ,-{~/--l,::._,__... 

Crystal L. Kofke 
Director 

Figure 1. Correspondence with Hampden Board of Health 

789 MAIN STREET, HAMPDEN, MASSACHUSETTS 01036 , TEL. 413-566-3571 
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February 27, 1979 

Ms. Crystal L. Kofl<c, Director 

789 Main Street 
Hampden, Mass. 01036 

Dear Ms. Kofke: 

We acknowledge receipt of your letter and literature 
concerning the demonstration Clivus Multrum 
composting toilet unit. 

We understand this is to be used solely for demonstration 
purposes and to be used only by the staff, and not by the 
public. 

Sincerely, 

Jeannette S. Green 
Chairman 
Board of Heal th 

G/rw 

Figure 2. Authorization letter from Hampden Board of Health 
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Chapter 4 

EDUCATIONAL MATERIALS AND PROGRAMS 

EmIBITS 

The exhibits were designed to attract Laughing Brook visitors to give 

them a basic understanding of the rationale for composting toilets and the 

operation of the Clivus Multrum, The exhibits have the following compo

nents: 

1) The Clivus Multrum tank has a colorful, life-sized dia

gram painted directly onto its surface depicting the var

ious components of the system, 

2) A metal sign hangs to the left of the tank which explains 

what materials may and may not be put into the tank, 

3) To the right of the toilet room door is an arrangement of 

three interpretive signs, The first is a color-keyed dia

gram of the Clivus Multrum system and a detailed explanation 

of the function of each part, This diagram is organized to 

lead the viewer consecutively through the operation of the 

system, The second display depicts the need for water con

servation and explains the value of composting toilets and 

low-flow devices such as showerheads, faucet aerators and 

toilet dams, The third exhibit outlines shortcomings in 

current sewage treatment technology and the contribution 

that composting toilets can make to the prevention of water 

contamination. 
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4) A general brochure on composting toilets and a handout en

titled "The Clivus Multrum: How it Works" are available and 

distributed to the public at the site of the exhibits. Photo

graphs of the exhibits are included here. (Figures 3 and 4) 

PUBLIC INFORMATION MATERIALS 

The following educational materials were developed to inform the 

public about composting toilets and to publicize the demonstration. 

A. Brochure and handouts: available free of charge at Laughing 

Brook, These were designed to complement the' educational ex

hibits and to provide further information to the public, 

1, A brochure, Composting Toilets, to provide very general in

formation on composting toilets, the rationale for their 

use, the Clivus Multrum at Laughing Brook, greywater treat

ment, and more specifically, where to find more technical 

information at Laughing Brook, This brochure is available 

to everyone visiting the interpretive exhibits, 

2, A handout, The Clivus Multrum: How it Works, consists of 

a labeled diagram of the Clivus Multrum and a description 

of how it operates. This brochure is available at the exhi

bit to all visitors. 

3, Handouts available upon request from Laughing Brook's Envi

ronmental Resource Library include: 

a. Clivus Multrum brochure (from Clivus Multrum, Inc.) 
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P!ASTIC,METAL 
AND CLASS 
ARE NOT 
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Figure 3. Clivus Multrum Tank Exhibits 
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Figure 4. Educational Exhibits 
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b. Clivus Multrum: Health Considerations, (from Clivus 

Multrum, Inc.) 

c. Other handouts from Clivus Multrum, as available. 

d. Brochures from the manufacturers of other composting 

toilets, as available. 

e. Legislation Affecting the Installation of Composting 

Toilets in Massachusetts, 

f, Bibliography of materials available in Laughing Brook's 

Environmental Resource Library, 

g. Alternatives to the Standard Flush Toilet, 

B, Newspaper articles were written in conjunction with public 

I programs and were designed both to inform the public and to 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

attract attention to Laughing Brook's Clivus Multrum, 

C. Articles for Newsletters were designed to provide general 

information on the rationale for composti'ng toilets and 

the need for water conservation: 

1, Massachusetts Audubon's Sanctuary. 

2, The Wilbraham Newsletter, 

3. Laughing Brook's Newsletter. 

D. A slide program on composting toilets was designed for presenta

tion by a Laughing Brook staff member and other organizations. 

It includes the rationale for composting toilets, various alter

natives to consider, and a detailed graphic of the Clivus Multrum 

system. 
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E. A large amount of material, including books, reports, pamphlets, 

and magazine articles, was collected and placed in Laughing 

Brook's Environmental Resource Library to be available to the pub

lic. 

F. A packet of materials on composting toilets was mailed to the 

heads of the boards of health in the 13 towns serviced by 

Laughing Brook. It was hoped that this information would help 

the boards to make wise decisions when these alternatives to 

conventional human waste disposa.l were proposed by local resi

dents. This format was chosen because no member of a board of 

health attended either of the first two programs on composting 

toi.lets, although special letters were sent to each board. 

G. People wishing information on composting toilets met with the pro

ject Environmental Education Coordinator or other Laughing Brook 

staff member and were shown the Clivus Multrum, introduced to re

source material in the, library, and provided with information on 

their specific problems. Almost without exception, these people 

were interested in installing composting toilets because of the 

infeasibility of conventional septic systems in their situations 

which included sites on islands, on the seashore, adjoining wet

lands, and on rock ledges. 

PUBLIC INFORMATION PROGRAMS 

On Earth Day, April 22, 1981, an afternoon and evening program on 

composting toilets was offered to the public, free of charge, and pre-
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sented by Crystal Kofke, Laughing Brook's Director, and Anne Groth, 

Environmental Education Coordinator for the project. Topics covered in

cluded the rationale for composting toilets, the operation of the Clivus 

Multrum, a review of models available, a comparison of large and small 

models, plus a discussion of the legalities involved in the installation 

of composting toilets in Massachusetts. These workshops were attended by 

20 people, most of whom were considering installing composting toilets at 

some future date. These participants were looking for very specific 

information, and the evening program in particular ran well beyond the 

allotted 1-1/2 hours because of high interest. 

Water Conservation Issues Seminar: September 26, 1981. Led by 

Laughing Brook's Environmental Education Coordinator, Annie Tiberio, 

assisted by Anne Groth, the project Environmental Education Coordinator, 

this seminar was one of the series designed to inform the public about 

current environmental issues. Because water conservation as an issue had 

not attracted large audiences to previous area program offerings, it was 

decided to try to attract a variety of interests, so three concurrent 

workshops were planned: 1) For homeowners, a movie on water conservation 

and a demonstration of water-saving devices by the New Resource Group of 

Milford, New Hampshire, plus a segment on water-saving gardening tech

niques by Laughing Brook staff member Jo Benton, 2) For large-scale 

users ~apartments, schools, hotels, motels, health spas, and nursing 

homes) the water-saving devices demonstration plus a discussion of cost

effectiveness, installation, and vandalism by the New Resource Group. 
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Yaffa Grossman of the Amherst Water Conservation Project was on hand to 

document the success of water conservation by large-scale users in 

Amherst and 3) A workshop on composting toilets patterned on the one 

given in April was presented by the project's Environmental Education 

Coordinator, Anne Groth. Evelyn Murphy, former Secretary of Environmental 

Affairs for Massachusetts who was at the time Director of the Institute of, 

Toxic Waste Management, gave the keynote address on water supply in Massa

chusetts and management for water conservation. 

A flier of general nature was sent to Massachusetts Audubon members, 

Laughing Brook volunteers, local boards of health, and town and state 

officials. A second flier targeted directly to large-scale users, was 

was sent to 250 directors of schools, apartments, nursing homes, health 

spas, hotels and motels. Newspaper and other media were contacted. 

Unfortunately, this effort resulted in only 20 participants, mostly home

owners, and it was decided to combine the workshops and give each partic

ipant an overview of the entire issue of water conservation. This format 

worked well, but the number of participants was small, Water conservation 

was apparently not perceived as a pressing need in this area at the time 

of the seminar. 

PUBLIC SCHOOL EDUCATION PROGRAM 

Curriculum Units - In the fall of 1981 and the spring of 1982, two curri

culum units were designed and piloted in area schools. The Junior High 

curriculum unit, the Water Cycle, has as its goal to instill in the stu

dents a thorough understanding of the water cycle, human impact upon this 
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cycle and the importance of individual and community water conservation. 

This unit has become one of several standard programs that Laughing Brook 

offers· to schools. 

The Senior High curriculum unit, Water Conservation and Water Supply 

seeks to involve the student with his/her community through student de

signed surveys. These surveys attempt to assess the "water consciousness" 

of the community toward local problems of water supply. They also address 

public awareness of the problems and their solutions and actual public use 

of techniques and technologies currently available to help alleviate the 

problems. During the pilot project, student posters outlining the survey 

results were posted throughout the community to increase the educational 

outreach of the curriculum unit. These posters also provided concrete in

formation on local water supply problems and available solutions. 

Sanctuary Programs - A segment on composting toilets is included in an on

site sanctuary program offered to high school classes visiting Laughing 

Brook, Other segments of this program include a visit to the solar green

house and Laughing Brook's wildlife rehabilitation facilities. During the 

composting toilet segment, students are provided with the rationale for 

composting toilets, a general discussion of how they work, and a close-up 

look at Laughing Brook's Clivus Multrum. 
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Chapter 5 

MONITORING AND TESTING 

Monitoring of input - Monitoring of input into the Clivus Multrum began 

on March 13, 1981 and concluded on December 15, 1986. All input into the 

the Clivus was recorded onto a chart inside the toilet room by the Massa

chusetts Audubon staff, who were the users of the system. A log book was 

kept to record the number of ~ses per day as either urine or feces. This 

input was not quantified because there was not a system acceptable to the 

users to do this. All organic matter that was put into either the toilet 

chute or the kitchen wastes hatch was also recorded. The organic matter 

was measured by volume in either cups, quarts, or gallons. This system 

was chosen to correspond to the size of the containers that were used to 

collect and store the organic matter before it was put into the system. 

This organic matter was added as a bulking agent and to facilitate the 

introduction of bacteria that would help the decomposition process. 

Notes were recorded about any unusual situations that developed such as 

insect infestations, build-up of the waste pile, excessive liquid build

up or conditions that caused the system to have to be shut down. A 

summary of the inputs to the system is given in Tables A and B. 

Gas Monitoring - The Clivus Multrum tank was monitored for various gases 

six times using the Draeger Multi-Gas Detector Kit. This gas monitoring 

was done by Massachusetts Audubon staff to determine if the decomposition 
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process inside the tank was aerobic. The grab-sampling method using a 

hand-operated bellows pump and Draeger testing tubes was used to detect 

carbon dioxide, hydrogen sulfide and methane. The expected by-products of 

decomposition were carbon dioxide and water vapor. If any hydrogen sul

fide or methane had accumulated in the tank, this would have been an 

indication that the system had become anaerobic. Results of the gas 

testing indicated trace amounts of carbon dioxide and no detectable amount 

of hydrogen sulfide or methane. Once it became clear that decomposition 

was happening normally, the monitoring was discontinued. A complete sum

mary of the gas monitoring data is found in Table c. 

Temperature Monitoring - The temperatures inside and outside the tank and 

of the human waste and kitchen waste piles were measured monthly from 

December 1981 to February 1984, in order to monitor the processes of de

composition. The temperature readings of both the human waste and garbage 

piles confirmed the assumption that composting toilet decomposition takes 

place at low temperatures and is similar to the process that occurs on a 

forest floor. During the period of monitoring, the range of temperatures 

for both the human waste pile and the kitchen waste pile was from 46 de

grees F. to 80 degrees F. The mean temperature of the human waste pile 

was 60.5 degrees F. and the median temperature of the human waste pile was 

58 degrees F. The mean temperature of the kitchen waste pile was 68 de

grees F. and the median temperature of the kitchen waste pile was 68 

degrees F. 

A complete summary of the temperature data is found in Table D. 
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TABLE A 

USAGE DATA 

I Summarized by Month 

I KEY: C, cups 
qt. quarts 
g. = gallons 

I II OF USES II OF USES kitchen garbage toilet chute 
feces solid urine liquid chute organic material 

I 
--

March 1981 11 101 10 1/2 g. 21 C, peatmoss 

I April 1981 24 152 16 g. 23 c. peatmoss 

May 1981 20 139 19 g. 12 C, peatmoss 

I June 1981 22 139 28 g. 3 c. peatmoss 
1 3/4 g. weeds 

I 8 c. sawdust 

July 1981 5 51 4 g. 16 c. sawdust 

I (CLOSED PART OF JULY) 

Aug 1981 8 72 3 1/4 g. 2 c. peatmoss 

I Sept 1981 42 159 4 g. 8 c. peatmoss 

I Oct 1981 22 129 4 1/2 g. 16 c. peatmoss 
1 c. sawdust 

I 
Nov 1981 25 151 7 g. 7 c. peatmoss 

7 c. leaves 

Dec 1981 6 33 4 1/2 g. 1 C, peatmoss 

I 3 c. leaves 

(CLOSED PART OF DECEMBER) 

I Jan 1982 (CLOSED ALL OF JANUARY) 

I Feb 1982 3 21 1 1/2 g. 0 

(RE-OPENED FEBRUARY 20) 

I 
I 23 

I 



I 
I ii OF USES II OF USES kitchen garbage toilet chute 

feces solid urine liquid chute organic material --

I March 1982 18 82 2 g. 6 c. peatmoss 

April 1982 25 104 1 1/2 g. 6 c. peatmoss 

I 2 c. woodchips 

May 1982 40 130 1 g •• 2 c. peatmoss 

I 
2 c. woodchips 

June 1982 37 140 1 g. 4 1/2 c. peatmoss 
8 c. woodchips 

I July 1982 19 56 1 1/2 g. 2 c. peatmoss 
2 c. sawdust 

I (JULY 1 - 9/NO DATA 

I 
Aug 1982 17 24 1/2 g. 1 c. woodchips 

(AUGUST 1 - 13/NO DATA) 

I Sept 1982 55 113 1 g. 0 

Oct 1982 31 89 3 g. 0 

I Nov 1982 33 88 27 1/2 g. 0 

I 
Dec 1982 41 97 11 g. 0 

Jan 1983 28 112 19 1/2 g. 3 g. dirt 

I Feb 1983 22 114 17 g. 1 g. dirt 

I 
March 1983 37 100 20 1/2 g. 1/2 g. dirt 

April 1983 25 86 16 1/2 0 g. 

I May 1983 17 83 3 g. 0 

June 1983 23 54 5 g. 0 

I July 1983 35 86 12 g. 0 

I 
Aug 1983 49 94 24 g. 0 

Sept 1983 35 117 14 1/2 g. 0 

I 
I 24 

I 



I 
I II OF USES II OF USES kitchen garbage toilet chute 

feces solid urine liquid chute organic material --

I Oct 1983 23 103 6 1/2 g. 0 

Nov 1983 14 69 1 g. 0 

I Dec 1983 35 106 0 0 

I Jan 1984 49 224 5 1/2 g. 0 

Feb 1984 37 206 3 3/4 g. 0 

I March 1984 41 217 1 3/4 g. 0 

I April 1984 26 164 1/2 g. 8 c. · woodchips 

May 1984 6 79 0 0 

I (CLOSED PART OF MAY) 

I June 1984 33 164 0 10 c. peatmoss 

July 1984 17 102 2 1/4 g. 0 

I Aug 1984 (CLOSED) 

I 
Sept 1984 (CLOSED) 

Oct 1984 (CLOSED) 

I Nov 1984 (CLOSED) 

Dec 1984 0 4 0 4 c. peatmoss 

I (RE-OPENED DECEMBER) 

I Jan 1985 27 117 1 1/4 g. 114 c. peatmoss 

Feb 1985 19 81 1 1/4 g. 95 c. peatmoss 

I March 1985 31 89 1 1/2 g. 120 c. peatmoss 

I 
April 1985 30 128 2 1/4 g. 141 c. peatmoss 

May 1985 3 7 1/4 g. 10 c. peatmoss 

I (CLOSED PART OF MAY) 

I 25 

I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

June 

July 

Aug 

Sept 

Oct 

Nov 

Dec 

Jan 

Feb 

March 

1985 

1985 

1985 

1985 

1985 

1985 

1985 

1986 

1986 

1986 

II OF USES 
feces solid 

15 

14 

20 

24 

26 

25 

25 

28 

6 

II OF USES kitchen sarbase toilet chute 
urine liquid chute organic material 

(CLOSED) 

53 3/4 g. 72 c. sawdust 

66 1 3/4 g. 59 c. sawdust 

50 2 3/4 g. 70 c. sawdust 

49 2 1/4 g. 73 c. sawdust 

75 1 1/4 g. 101 c. sawdust 

64 1 3/4 g. 89 c. sawdust 

(DECEMBER 23 - 29/NO DATA) 

.BS 2 g. 123 c. sawdust 

73 2 1/4 g. 94 c. sawdust 

17 2 g. 23 c. sawdust 

(CLOSED MARCH 9, 1986) 
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TABLE B 

USAGE DATA 

I Summarized by Year 

I 1981 

I 
185 solids 1 1/2 gallons sawdust 

1126 liquids 1/2 gallon leaves 
100 3/4 gallons kitchen garbage 1 3/4 gallons weeds 

5 3/4 gallons peatmoss 

I 
1982 

I 319 solids 1 1/4 gallons peatmoss 
944 liquids 3/4 gallon woodchips 

51 1/2 gallons 

I 
kitchen garbage 1/4 gallon sawdust 

1983 

I 343 solids 139 1/ 2 gallons kitchen garbage 
1124 liquids 4 1/2 gallons garden soil 

I 1984 

I 209 solids 1 gallon peatmoss 
1156 liquids 1/2 gallon woodchips 

13 3/4 gallons kitchen garbage 

I 
1985 

I 234 solids 32 gallons peatmoss 
779 liquids 29 gallons sawdust 
17 gallons kitchen garbage 

I 
1986 

I 59 solids 6 1/4 gallons kitchen garbage 
175 liquids 15 gallons sawdust 

I GRAND TOTALS 

I 1349 feces 1/2 gallon leaves 
5304 urine 1 3/4 gallons weeds 

I 27 
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GRAND TOTALS cont. 

328 3/4 gallons kitchen garbage 
34 1/4 gallons peatmoss 
45 3/4 gallons sawdust 

1 1/4 gallons woodchips 
4 1/2 gallons garden soil 

28 



I 
I 

TABLE C 

GAS MONITORING 

I 
I 
I 
I -

N N ,.., ,.., ,.., 
"' co co co co co co 

"' "' "' "' "' "' ..., ..., ..., ..., ..., ..., 

I 
... 
Q) ... 

.c Q) >, 
13 .c ... 
Q) 13 "' .c ... Q) ;:I Cl >, 

"' ;, i:: ... >, ..., 

I 
Q) 0 "' "' "' ;:I 

Cl) z ..., :,: :,: ..., 

I CO2 ~ .05% i .05% L .05% ;:. .05% L.05% .C • 05% 

I H2S none none none none none none 
detected detected detected detected detected detected 

I 
CH4 none none none none none none 

I 
detected detected detected detected detected detected 

I 
I 
I 
I 
I 
I 29 

I 



.-< N N N N N 
co co co co co co 
°' °' °' °' °' °' .-< rl .-< .-< .-< .-< 

.-< ..... <IJ >, 
CJ .c I-< >, " .-< 
QI '" "" "' ;:l ;:l 
A ... < ::,: ...., ...., 

Human Waste 
Pile 46 59 55 55 58 62 

Kitchen Waste 
Pile 46 67 68 68 77 80 

Inside Tank 46 59 63 64 68 71 

Outside Tank 52 60.5 68 70 78 80 

" "' " .,; 

"' "" QI '" ::,: ::,: 

Human Waste 60.5 58.0 

Kitchen Waste 68.0 • 68.0 

TABLED 

TEMPERATURE MONITORING {°F) 

N N N N N 
co co co co co 
°' °' °' °' °' rl .-< .-< .-< .-< 

... 
00 "" ... > CJ 
;:l '" CJ 0 QI 
< Cl) 0 z A 

65 64 62 58 55 

78 74 69 65 64 

71 70 66 61 60 

79 78 65 61 60 

O") O") O") O") 
co co co co 
°' °' °' °' .-< .-< .-< .-< 

.c: .-< 
CJ . .... 

" .c I-< I-< 

"' '" "' "" ...., ... ::,: < 

55 55 59 57 

63 64 67 68 

61 60 59 64 

60 60 60 68 

- - ________ , ___ _ 
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°' °' °' °' °' °' .-< .-< rl .-< .-< .-< 

<IJ >, 
>, " .-< 00 ... .c 
"' ;:l ;:l 

~ CJ '" ::,: ...., ...., 0 ... 

58 70 80 76 65 58 

67 72 72 75 70 62 

65 68 66 76 73 58 

68 76 70 79 73 61.5 

0 
O") 
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PERFORMANCE SITUATIONS AND RESPONSES 

Insects - There were five insect incidents during the 6 1/2 years of the 

study. Those that merit discussion are described below. 

July 1981 - Fruit flies began to build up in the tank and were es

caping through the hatches when they were opened. Water was added to the 

pile and the flies were vacuumed up. Six cups of sawdust were sprinkled 

over the kitchen waste pile and two cups of sawdust were put down the toi

let chute in an effort to smother the flies. Flypaper was attached to the 

upper wall of the tank. A week after this treatment, there was a power 

outage for seven hours because of a thunderstorm. When the power came 

back on, the fan in the vent chute did not.circulate. The blades were 

covered with fruit flies and other insects. When they were cleaned, the 

fan started running again. The number of fruit flies had reached "explo

sive" levels. The kitchen wastes pile was covered with seven cups of saw

dust and the human wastes pile was covered with two cups of sawdust. The 

system was shut down for a week and th~ hatches were taped shut. This 

caused the fly population to decrease enough to re-open the system. During 

the week that the toilet was not being used, no garbage was put down the 

the garbage chute. In early August, the fan was removed and was again 

found to be clogged with insects. Two entomologists from the University 

of Massachusetts visited Laughing Brook in August 1981 to study the in

sects that were inside the Cliws tank. Jere Downing (extension entomol

ogist) and Christopher Gedden (graduate student specializing in manure in

sect research) agreed to study the situation and make recommendations 
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about what action could be taken to combat an outbreak of fruit flies. 

The species that they found (in no particular order) were: 

Flies 

Sphaeroceridae - excrement breeders 

Phoridae (hump-backed flies) - excrement breeders 

Drosophila (fruit flies) - breed on fruit 

Kuscidae (house flies) - breed on decaying plant and 
animal materials 

Beetles 

Staphylinidae - scavengers and predators 

Histeridae - scavengers and predators 

Hydrophilidae (subfamily Sphaeridiinae) - feed on 
excrement, humus, and decaying leaves 

Dermestidae - scavengers, including dead insects 

Red Mites 

The major insect populations had become established in the human 

waste pile. There was a large population of Phoridae, the tiny flies that 

were visible on the hatches, toilet seat, and greenhouse windows; and a 

large population of Histeridae, which are very small beetles that prey on 

fly larvae and by their large numbers would soon be controlling the Phori

dae. Drosophila numbers were way down, probably because no garbage had 

been added recently. 

The entomologists felt that a varied and balanced fauna was being es

tablished and that this balance should not be tampered with. The trend in 

the tank is toward stability and that any·swings toward excess of one 
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species or another would be controlled by the developing system itself, 

It was assumed that the excrement breeders had entered the tank through 

the vent chute against the updraft because they are primarily attracted 

to odors, The entomologists made the following recommendations for con

trolling and managing insect populations in the tank, 

1) Put all garbage down the toilet chute for several weeks, The 

predators are well established in the human waste pile and should better 

control the fruit flies there, Later, when there is better mixing of the 

piles, the kitchen waste pile should receive its share of predators. 

2) Keep the vent chute unscreened. Free ingress and egress of in

sects is desirable, 

3) If control of insects in the toilet becomes necessary, spray the 

chute just around the toilet seat and on the underside of the seat with a 

short residual pyrethoid such as Bacillus thurengensis to provide local 

control without affecting the pile, 

At the end of August, the natural cycles of predator/prey relation

ships had become well-established and the insect populations in the tank 

stabilized, In order to ensure the continued stability of the predator/ 

prey relationships in the human waste pile, kitchen garbage was put into 

the toilet chute for the next 2 1/2 months, During this time, no kitchen 

garbage was put into the garbage chute, and the system remained in opera

tion. In mid-November, garbage was again put into the kitchen wastes 

chute. The insect populations had stabilized themselves, 
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March 1982 - A small outbreak of fruit flies occurred that lasted one 

week, Garbage and human wastes were added to the pile in the usual man

ner and the population stabilized itself, The system remained open during 

this outbreak, 

November 1983 - A large number of maggots was observed crawling out 

of the toilet hatch and onto the walls of the toilet room, No garbage was 

put into the tank for two months, hoping that without organic matter to 

feed on the maggot population would decrease to the point where its 

natural predators would be able to keep them in check, Garbage was again 

put into the system in January 1984, The number of maggots had come under 

control such that they were not crawling out of the toilet and creating a 

nuisance. 

May 1984 - Another outbreak of fruit flies occurred which resulted in 

no garbage being added to the system for about two months. In mid-May, 

there were huge numbers of moths flying out of the hatches when they were 

opened. The system was shut down for two weeks and twelve gallons of 

sawdust were added to try to suffocate the insects. Although the system 

re-opened in June, it closed again for three days in July because of the 

moths. The infestation of moths was traced to the addition of infested 

flour (with the garbage) into the tank. The moths were identified as mil

lers or grain moths. The system was closed on August 1, hoping that the 

absence of additional human waste or garbage would allow the system to come 

into balance, However, the insect populations did not stabilize, The 

manufacturer suggested using a chemical insecticide to eliminate the in

sects. Massachusetts Audubon staff felt that a powerful insecticide would 
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kill all of the organisms in the tank and chose instead to use B. T. 

(Bacillus thurengensis), a biological control agent, specified to control 

insect larvae. On October 13, B. T. was applied to the toilet chute and 

compost hatch, followed by a second application on October 21. The Cliws 

was re-opened on December 27 with no signs of the moths. 

May 1985 - Another outbreak of grain moths occurred with moths flying 

out of both the kitchen waste chute and the toilet chute in great numbers. 

The system was closed. The piles were leveled and the toilet chute and top 

of the pile were dusted with B. T. A six to eight inch layer of sawdust 

was then put on top of the pile and another light dusting of B. T. was 

added. Half sections of "No Pest" strips were hung at the top and bottom 

of the toilet chute and in the compost chamber. After two weeks, the "No 

Pest" strips were removed. The system re-opened in July, after having 

been shut down for two months. When the system reopened, sawdust was used 

as a bulking agent instead of peat moss. 

Decomposition - There were two occasions when the Clivus was shut down be

because the piles were accumulating into the chutes and it appeared that 

decomposition had stopped. 

December 1981 - The temperatures in the tank area and inside the tank 

were in the low SO's at night. Although the garbage pile was decomposing 

and lessening its size, the human wastes pile kept accumulating and showed 

little decomposition. Kitchen waste was put down the toilet chute for 

one week in an effort to start the decomposition process going again, with 
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no success. On December 11, with the temperature inside the tank at 46 de

grees, the system was shut down. It remained closed for two months and 

was re-opened in mid-February of 1982. At this time, the average tank tem

perature was 58 to 60 degrees. The piles were stirred and wood chips were 

added. It was noted that the piles were much lower and that decomposition 

had taken place. The piles were very dry and somewhat compacted, but sig

nificantly smaller than they were when the system had been closed down. 

The fan was left off in order to allow the system to moisten. Decomposi

tion within the Clivus remained stable for the next four years. 

Karch 1986 - The human waste pile had accumulated to within six inches 

of the top of the toilet chute. It could not be knocked down because the 

tank was so full. The system was closed. At the end of March, the pile 

was watched and the peat moss was stirred but there was no change. In 

July, approximately 100 gallons of dry peat moss were removed from the bot

tom of the tank. The human waste pile was stirred and the garbage and hu

man waste piles were mixed. The system was very dry, so water was added. 

The system remained closed until it was completely cleaned out in December 

1986. 

System Cleanout - The Clivus system appeared to be decomposing normally 

from March of 1982 until March of 1986, when it seemed "full." Because the 

wastes were not decomposing, the system was closed in March 1986. In July, 

a large amount of peat moss (100 gallons) was removed from the bottom of 

the tank to try to determine what to do with what appeared to be a "stuck" 

system. Peat moss was removed from underneath the air baffles in an effort 
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to get the piles to slide down, The piles were stirred and mixed together 

and watered, The water ran through the system and accumulated in the liq

uid chamber, but the piles did not move. Clivus Multrum, U.S.A. was con

tacted and they confirmed that many units that had been started with peat 

moss were having problems, Clivus Multrum's technical advisor visited 

and recommended that the unit be completely cleaned out and restarted with 

sawdust, In December of 1986, the tank was completely cleaned out, All 

of the remaining garbage and wastes were removed, This material was 

extremely dry and compacted. In between the starter layer of peat moss 

and the upper layer of non-decomposed garbage and waste was a thin layer of 

compost, Two and a half quarts of compost were gathered at this time to 

be tested, During the cleaning out process, the middle air vent was 

sawed out and the bottom of the tank was filled with sawdust which was 

moistened, The unit was started up again and monitoring was discontinued, 

SAMPLING AND TESTING 

On December 15, 1986, the Clivus Multrum was completely cleaned out 

and started again, using sawdust as a starter medium. This became neces

sary because the starter layer of peat moss had become so compacted that 

the compost that had formed could not push it up in the way that it was 

supposed to, The compost was stuck between the compact peat moss and the 

recent input and was not available for testing, The other problem was that 

because the system was not moving and finished compost could not be re

moved, it was filling up, Decomposition had slowed, and everything was 
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"stuck." The technical advisor from Clivus Multrum, U.S.A., Inc., Derek 

Owen, did the physical work of cleaning out the tank. After the recent 

input was shoveled out, a layer of compost was visible. Mr. Owen took sam

ples of the compost by using clean pint canning jars (provided by the lab

oratory that would be testing the end product) as shovels and scooping the 

compost directly into the jars. The compost to be used for the standard 

plate count was then transferred with a sterilized teaspoon into a sterile 

container provided by the laboratory. The samples of compost were taken to 

Tighe and Bond Consulting Engineers in Easthampton, MA. They were refrig

ated overnight and analyzed the next day. The compost was analyzed for 

the substances listed below as agreed upon by the Division of Water Pollu

tion Control and the Massachusetts Audubon Society. These tests were 

chosen to evaluate the suitability of the compost as a soil conditioner 

to make recommendations for the disposal of the end-product. 

pH 
Solids 
Total Nitrogen 
Ammonium Nitrogen 
Nitrate Nitrogen 
Total Phosphorus 
Potassium 
Chloride 
Boron 

Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Molybdenum 
Nickel 
Sodium 
Zinc 

In addition, the compost was also tested for a number of pesticides 

and two herbicides. The methods used for this compost analysis were in 

conformance with standard methods outlined in Standard Methods for the 

Examination of Water and Wastewater, 16th edition, and the U.S. E.P.A. 

Manual of Methods for Chemical Analysis of Water and Wastes, 1983. 
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Initial tests for fecal coliform showed levels of~ 100 colonies/gram. 

Massachusetts Division of Water ·Pollution Control staff suspected that the 

levels could be better defined and a second test gave results of ..:. 10 

colonies/gram. Also, the initial test results for molybdenum were quite 

high (15.9 mg/Kg) indicating that the testing may have been done inaccu

rately. A second test for molybdenum gave results of 2.53 mg/Kg. 

The results of the testing indicate that the compost falls under a 

Type II classification for the land application of sludge and septage • 

Even though the compost is not technically sludge or septage, this compari

son is useful in determining the toxicity of the substance. A Type II 

classification means that this substance may be offered for use, sale, or 

distribution on a site with prior approval of the Department of Environ

mental Quality Engineering and that it may be used for growing any vegeta

tion. The fecal coliform count in the compost was less than 10/100 gm MPN, 

indicating a harmless substance. The results of the testing indicated 

that the end-product (compost) was innocuous enough to be used as a soil 

enhancer for growing any vegetation. 

Because the quantity of compost left in the tank was so small and be

cause the end-product is not technically sludge or septage, it is not 

governed by DEQE's regulations regarding land application of sludge and 

septage. However, the State Environmental Code governs the disposal of 

end-product from humus toilets. Title 5 of the State Environmental Code 

(Regulation 17.3) requires thst the end-product be buried and covered with 

two feet of compacted soil, subject to board of health approval. A copy 
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of Title 5 is included here, (Figure 5). The Hampden Board of Health has 

approved burial of the end-product as an acceptable method of disposal. A 

letter from the Hampden Board of Health is included here. (Figure 6) 

The results of the testing of the end-product are found in Tables E 

and F. 
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TABLE E 

RESULTS OF TESTING OF THE END-PRODUCT 

Parameter Units Results ---
pH * 6.0 
Solids * 31.5 
Percent Total Nitrogen * 1.17 
Percent Ammonium Nitrogen * 0.023 
Percent Nitrate Nitrogen * 0.56 
Percent Total Phosphorus * 0.087 
Percent Potassium %* 1.31 
Chlorides mg/Kg* 20.5 
Boron (Water Soluble) mg/Kg* 6.16 
Cadmium mg/Kg* 3.92 
Chromium mg/Kg* 14.3 
Copper mg/Kg* 143 
Lead mg/Kg* 31.3 
Mercury mg/Kg* 5.17 
Molybdenum mg/Kg* 15.9 
Molybdenuml mg/Kg* 2.53 
Nickel mg/Kg* 9.01 
Sodium mg/Kg* 7730 
Zinc mg/Kg* 975 
Fecal Coliform Colonies/gram < 100 
Fecal Coliform 2 Colonies/gram < 10 
Standard Plate Count Colonies/gram 11 
Total Coliform Total Coliform/100 mg 1300 

* Dry Weight Basis 
** The total coliform count was obtained by the Membrane Filter Technique 

Standard Methods for the Examination of Waste and Wastewater, 16th 
edition, APHA, 1985. 

1 Second test performed on 7/15/87 
2 Second test performed on 4/6/87 
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TABLE F 

END-PRODUCT ANALYSIS 

PESTICIDES AND HERBICIDES 

GC FRACTION - PESTICIDES 

lP. Aldrin 
2P. "'- BHC 
3P. 6 BHC 
4P. I BHC 
SP. 6 BHC 
6P. Chlordane 
7P. 4,4' -DDT 
BP. 4,4' -DDE 
9P. 4,4' -DDD 

lOP. Dieldrin 
llP • .,, Endosulfan 
12P. I, Endosulfan 
13P. 6 Endosulfan 
14P. Endrin 
lSP. Endrin Aldehyde 
16P. Heptachlor 
17P. Heptachlor Epoxide 
25P. Toxaphene 
26P. Methoxychlor 

HERBICIDES 

2,4 Dichlorophenoxyacetic acid (2,4-D) 
2,4,5-Trichlorophenoxypropionic acid (2,4,5-TP) 

ND* 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND** 
ND 

* ND - Parameter not detected at sensitivity level of instrument which is 
5 mg/Kg(ppm) 

** ND - Parameter not detected at sensitivity level of instrument which is 
2 mg/Kg ( ppm) 
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LAUGHING BROOK EDUCATION CENTER 
MASSACHUSETTS AUDUBON SOCIETY 

789 MAIN ST., HAMPDEN, MA. 01036 

LEGISLATION AFFECTING .!JiE: INSTALLATION OF 
COMPOSTING TOILETS~ MASSACHUSETTS 

THE STATE ENVIRONMENTAL CODE 
1977 

TITLE 5 

REGUIATION 17. HUMUS TOILETS 

17 .1 Use - A humus toilet shall not be constructed or continued in use unless 
the Board of Health has approved, in writing, its construction or continued 
use based upon determination by the Board of Health that the humus toilet 
will not endanger the health of any person or cause a nuisance and that 
the end product will be disposed of in a sanitary manner. 

17.2 Location - Humus toilets shall only be located where a full-sized properly 
functioning subsurface sewage disposal system is available or can be 
constructed on the lot to be served in compliance With this Title; or where 
a common sautary sewer is accessible in an abutting way and where 
permission to enter such a sewer can be obtained from the authority having 
jurlsdiction over it. No variance from any of the percolation rate requirements 
or leaching area loading rates outlined in this Title shall be allowed for 
the disposal of grey water from a lot to be served by a humus toilet, but a 
reduction not to exceed 40% of the design flow for subsurface sewage 
disposal may be allowed for the reduced water usage. 

17 .3 Maintenance - The end product from a humus toilet must be disposed of by· 
burlal in a manner and location approved by the Board of Health, and it 
shall be covered with a minimum of 2 feet of clean compacted earth. 

.REGUIATION 18. · MISCELIANEOUS DISPOSAL 

18.l Use - The use of any disposal facility other than those descrlbed herein 
is prohibited unless approved in writing by the Department of Environmental 
Quality Engineering. It is the intent of this Title that the Department shall 
approve 1Movative disposal systems if it can be demonstrated that their 
impact on the environment and hazard to public health is not greater than 
that of other approved systems. No variances to this regulation shall be 
granted. 

Figure 5. Title 5 of the State Environmental Code 
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July 13, 1987 

Massachusetts Audubon Society 
Laughing Brook Education Center and Wildlife Sanctuary 
Hampden, Ma. 01036 

Attn: Jo Benton 

The Hampden Board of Selectmen do hereby grant approval for Laughing 
Brook to bury and cover with two feet of soil of any end product they 
will have from the Clivus Multrum toilet as stated in Title V of the 
State Sanitary Code. 

Sincerely, 

Ckulttd1 Ye l-f..-/,a-)t/JnlV 

~th R. Hanmer 
Chairman 
Board of Health 

H/dt 

Figure 6. Letter from Hampden Board of Health regarding disposal 
of end-product 
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Chapter 6 

OBSERVATIONS AND CONCLUSIONS 

The purpose of this project was to provide a demonstration of a 

Clivus Multrum composting toilet as a means of conserving water and to 

provide educational materials and programs to the public and to school 

students regarding this type of waterless toilet. 

The Clivus Multrum toilet is an effective water conserving device. 

During its 6 1/2 years of operation, it is estimated that 33,265 gallons 

of water were saved compared to the amount that would have been used if 

this unit was a standard flush toilet. This is a significant reduction 

in water consumption, which clearly shows the value of these toilets as 

one possible solution to the problem of limited supplies of clean, usuable 

water. Also, the results of the testing that showed negligible amounts of 

fecal coliform in the end-product and no other dangerous substances pre

sent indicates that the Clivus Multrum can also be considered an accept

able alternative method of human waste disposal. The Clivus Multrum 

worked! It functioned effectively, produced a safe end-product, and saved 

water. 

The installation of the Clivus Multrum at Laughing Brook generated 

considerable interest. The project was and continues to be effective in 

raising the awareness of sanctuary visitors to water conservation issues 

in general and to the use of the Clivus Multrum composting toilet in par

ticular. The educational exhibits associated with the tank provide a 
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wealth of information to the public about water conservation and alterna

tives for human waste disposal. It is estimated that approximately 75,000 

people viewed the educational exhibits during the project period as part 

of their visit to the Sanctuary. Additionally, approximately 150 people 

requested more detailed information about the Clivus. Many of these 

people had vacation homes on lakeshores where waste disposal is a major 

problem. Composting toilets can be a safe and effective solution to this 

problem if they are used to replace failing septic systems and in situa

tions where human waste had been discharged directly into a lake. There 

were also 180 junior high and high school students who participated in in

depth educational programs about water conservation and waterless toilets. 

Because of the large size of the tank, the model of Clivus Multrum 

composting toilet that was used in this study is not very practical as a 

retrofit in an existing home. However, there are now several new sizes 

and designs of composting toilets available that are smaller and, there

fore, more appropriate for use in existing homes. 

Another observation, resulting from this study, is that the Clivus 

Multrum is not maintenance free and that some problems associated with 

its day-to-day operation should be made known to potential users. The 

first of these problems concerns the start-up of the system. Recent 

knowledge confirms that these units need to use sawdust as a starter medi

um. Some of the problems that occurred with Laughing Brook's Clivus were 

because of the compaction of the peat moss that was used to start the tank 

when it first went into operation in March of 1981. This compaction did 
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not allow the decomposed material and compost to move in the tank as it 

should have, Laughing Brook's Clivus Multrum had to be shut down a few 

times because it appeared to be filling up, It was eventually cleaned out 

completely and re-started using sawdust as a starter medium, Coarse 

sawdust should also be used daily as a bulking agent during the normal 

operation of the toilet, This material absorbs liquid and allows air to 

penetrate the pile, 

Insects can also become an operational problem, If a Clivus Multrum 

unit is using a garbage chute, insects are to be expected and are a 

healthy sign of decomposition, Large outbreaks, like the ones that oc

curred during this study can be avoided by putting the garbage that is 

going to be put into the toilet into containers with tight-fitting lids 

so that insects cannot get into the garbage or lay their eggs in the gar

bage. Potential users need to know that insect outbreaks may occur and to 

decide whether they will have a back-up system (a regular flush toilet) 

for use during outbreaks or if they will "wait it out" and allow normal 

predator/prey relationships to bring insect populations under control, 
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Chapter 7 

RECOMMENDATIONS 

The results of this study indicated that a Cliws Multrum composting 

toilet is a safe and effective alternative method of waste disposal. For 

the most part, the Cliws Multrum composting toilet functioned well during 

the 6 1/2 years of the study. It produced a safe end-product and it saved 

over 33,000 gallons of water. 

The end-product (compost) had a fecal coliform count of less than 

10/100 gm MPN, indicating that it was a harmless substance. It also did 

not contain any heavy metals or other substances at toxic levels. The 

compost can be classified under the guidelines for the land application of 

sludge and septage as a Type II classification, indicating that the sub

stance may be offered for use, sale, or distribution on a site with prior 

approval of the Department of Environmental Quality Engineering and that 

it may be used for growing any vegetation. The amount of compost gener

ated in Cliws Multrum composting toilets is too small to be governed by 

DEQE's regulations for the land application of sludge and septage. The 

end-product is governed by Title 5 of the State Environmental Code, which 

indicates that the compost must be buried and covered with two feet of 

compacted soil. Aa a result of this study, it is recommended that Title 

5 of the State Environmental Code be revised to allow the end-product to 

be used as a soil conditioner. 

It is also recommended that Cliws Multrum composting toilets be used 

to replace failing septic systems in lakeshore homes and in situations 
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where human waste had been discharged directly into a lake. They should 

also be considered as a viable system for use in new home construction be

cause of their effectiveness in reducing water consumption and because of 

the use of this system allows for a reduction in the size of the leach 

field in installations that use septic tanks and leach fields. 

Useful information about the day-to-day operation of a Clivus Multrum 

system was gathered during this study. This information, coupled with the 

manufacturer's guidelines, results in the following recommendations to en

sure the smooth operation of the system: 

1) The system should be started with coarse sawdust and sawdust 

should be used daily as a bulking agent during normal use. 

2) The human wastes pile needs to be stirred with a rake or another 

implement with tines to insure airflow through the pile and to avoid any 

problems associated with compaction of the pile. 

3) Garbage that is being collected for later disposal in the system 

should be covered. Any garbage that is obviously infested with insects 

should not be put into the tank. 
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