


The last few years have witnessed great advances in our knowledge of eco-

logically sound wastewater systems. we now know that, if the wastewater

SyStem is properly designed and constructed, SeParating urine at source can

help to dose the nutrient cycle without causing hygiene or odour problems.

Urine separation also reduces nutrient emissions and often saves.energy and

improves natural resource management. There is still a great need for con-

StruCtion and evaluation of new urine separation systems and for detailed

Studies, inter alia, Of organizational and economic matters.

Mats Johansson,

VERNA EcoIogy
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URINE SEPARA丁ION
-A UNIQUE RESEARCH PROJECT

In 1995, lhe underslensh6iden housing

es調le was buiIt in lhe Slo`kh01m suburb

Of Bi6「khagen. Sho山y afle細wq事ds, lhe

`OnYerSion of lhe Polslema`kan eslqte in

Enskede was `OmPIeted. U事ine-Sepa細aト

ing Ioiiels we細e ins巾iled in bolh lhese

es巾tes・ The aim in b0書h `OSeS WaS Io lry

oull an e`OIogiく〇1iy more approp事iale I'Oi"

1el and sewage system.

1n音996, When lhe proieくI sla巾ed, nei一

皿e細o書lhese housing esi01es had signed

The purpose of the project was to

increase the understanding of how a

WaSteWater SyStem based on urine sep-

aration works and also to find a sus_

tainable outlet for human urine from

residential areas in Stockholm. The

objective was to construct a full-SCale

OPerational system for the recirculation

Of source-SeParated human urine from

toilet to field. The system should meet

Stringent requirements as regards the

recirculation of nutrients, hygiene,

functional reliability and userfriendli-

ness. A IongerLterm Objective was to

leam more about designing ecoIogical-

1y sound wastewater systems for the

future and to actively disseminate

experiences and research findings.

any agreeme巾s wilh formers for urine

deIive細いThe「e was a iiveiy debale dur-

ing lhis period abou=he environmeれ〃ai

advan†qges and disadY〇nloges of urine-

Sep〇調i盲ng toile†s. The deb○○e wasくhar・

a`te「ized by sweeping gene岬iiェolions,

Whiくh w〇S Pa細l案y due lo書he la`k of

knowIedge abou=hese new waslewole営

SySiems●

The Slo`kh01m Woter Company lhen

iniiialed a dia○○gue with Iwo housing

`Omponies, lhe HSB Nolional Federa書ion

and ÅB §toくkh01mshem, and置he lhree

parlne「s agreed to lqun`h a muIli"annuai

resear`h and deve○○pmenl proie`l.

The Slo`kh01m W〇〇er Comp〇ny WaS

lhe proiec書owner and w〇S reSpOnSibIe

fo細書he p「o`iiくa=mplemen調Iion of lhe

proie`I1. The leading Swedish reseas`hers

and expeれS On urine separalion syslems

WereくOれ細くled, and Ihe proie`l wos

Planned.

WHA椅HA§髄格N ÅCH○○V格D DURINC TH置FOuR YEAR§ OF TH格PROJ格CT?

The initial research consisted in identi_

fying the priority issues that required

SOlutions. The various subprojects were

geared to finding these solutions. The

Pr。ject succeeded in answering most of

the questions. A number of new ques-

tions arose, and most of these were

answered too. Some of the problem

areas that were identi宜ed at an early

Stage and studied within the project

framework were:

書NVIRONMENRAしIMmCT AND RESOuRCE MANÅC格M書NT:

● Emissions o( nu書rien置S and BOD Irom u細ine seporaling sewage systems compared

くOnVenIionai syslems.

● ▲mounl of water saved by urine-Separaling富Oi事e青S.

TECHNICAしÅND SOCIAL ASPEC丁S:

一Size o書urine lanks and pipe syslems in the residenlial area.

WHO V肌A§髄SpONSl帥E FOR IMPしEM格N易録音ION OF TH格pROJ格CT?

The Stockholm Water Company was

responsible for the management and

administration of the project. A project

group consisting of representatives of

the project initiators, reSearChers, farm-

ers and other expefts met regularly to

discuss the various subprojects. In order

to obtain fdedback on the progress of

the pr。ject, a ref料ence group was set

up consisting of representatives of the

Swedish Environmental Protection

Agency Link6ping University and the

Council for Building Research.
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A UNIQUE RESEARCH PROJECT
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Since little was known about the new

SyStemS aS regards energy consumption,

risk of infection, functioning of the toi-

1ets, uSerS’attitudes etc., there was no

COmmOn knowledge base for discussion

on the basis of scient誼c studies.

Gradually, the debate became more

balanced, and as the knowledge base

improved the dialogue became more

balanced.

OTH格R陳SEARCH

AND DEVEしOPMENT PROJEC丁§

When the project started the govem-

ment had only sponsored a few projects

Whose aim was to develop and evaluate

the new technology. Development was

mainly driven by initiatives taken by

Private housing companies, grOuPS Of

residents and a few municipally-OWned

COmPanies and municipal departments,

including the Stockholm Water

Company. The research prQjects were

funded by several research councils and

regional or local financiers.

One of the larger projects carried

Out WaS Recycling source separated

human urine, Which was launched in

1996 and was carried out in parallel

With the present project. It was

described in a research report summa-

rizing current knowledge about urine-

SeParating toilets and wastewater sys-

tems.

TH格PRES格NT Sl騨音US

OF TH格DEBATE

In recent years urine separation has

Widely come to be regarded as a com-

Plement to conventional systems. There

is less discussion of and interest in urine

SeParation at the nationa=evel than

there was a few years ago.

Urine separation is nevertheless

being seriously considered by many

municipalities. Interest focuses mainly

On the upgrading of individual sewage

treatment systems, in particular on sim-

Ple and cost-effective methods of sepa-

rating phosphorus and nitrogen.

Urine separation cannot be dis-

missed as a passing fad, Since about

3 ,000 porcelain urine-SeParating toilets

were sold in Sweden in the latter half of

the 1990s. This does not include all the

simple urine separation toilets installed

in holiday homes.

Our Scandinavian neighbours and

the rest of Europe are now showing

increasing interest in urine separation.

In some cases source separation and

urine separation solutions have been

designed in order to meet stringent

WaSteWater treatment requirements.

One example of this is the Kul16n

estate in the municipality of Vaxholm,

Where urine-SeParating toilets were

installed in more than lOO new

detached houses in order to meet the

municipality’s stringent emission stan-

dards for nitrogen and phosphorus,
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THE ADVANTAGES OF URINE SEPARATION

FROM TOlしET TO Fl格しD

The urine passes through a separate

Pipe system to a holding tank which is

connected to one or more households,

The urine is collected and removed by

a tank truck or suction truck, Which can

be driven by the farme暮Who uses the

urine as fertilizer) Or by a contractor

At present, the estate owner is often

responsible for arranging for co11ection.

In future, this should be the responsi-

bility of the municipality as is now the

CaSe With sludge collection etc. Such

transports consume energy, and it is

Obviously an advantage if the distance

between the property and the place

Where the fertilizer is applied is short.

Since urine must be stored separate-

1y to ensure that it is sanitized before

being applied, StOrage tanks will often

be needed near the farmland where the

fertilizer will be used. They can also

function as a convenient store of fertil_

ORcANIZA椅1ON OF TH各SYST格M

Several other parties apart from the

residents themselves are invoIved in a

urine separation system, e.g. the build-

ing owner and the organization or com-

Pany reSPOnSible for the operation and

maintenance of the system in the area.

In addition, it is often wise to conclude

SOme form of agreement with a con-

tractor or farmer on transportation and

disposal of the urine.

Municipal departments have an

important coordinating function. They

must authorize the installations and

WaSteWater treatment SyStemS, and at

the same time give advice in connec-

tion with the planning and implemen-

tation of the construction pr。ject. The

izer for the farmer.

Another altemative for house_OWn_

ers who use about 150 square metres

Per reSident for growing vegetables and

fruit is to use the urine as fertilizer in

their garden. In that case, they must

first obtain a permit from the local

environmental health committee and

must ensure that the activity does not

CauSe any nuisance to neighbours in the

form of smells etc.

昂勲移2. Di卿m illus青肋嬢a u亮m s呼a腸-

めn切;tem加m to猿tゎ月e玖

Illust筋露on: Kim G胡麻鋤ns青

municipality’s involvement may also be

essential when it comes to finding cus-

tomers for the urine. In the case of

Sma11 systems, in particular, PrOPerty

OWnerS Often need to be supported by a

StrOnger Party.

Pho5phor均O7押nic ma扇al cznd ”宅tγqgen Cat‘Se PγOblems in sea~嬢es and肋oams..
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THE UNDERSTENSHOJDEN PROJECT

- LOCAL WASTEV¥払TER TREATMENT IN AN URBAN AREA

The Understensh6iden e`○○Village is situ○

○led in lhe suburb of Biるrkhagen, 〇 few

ki○○meIres∴SOulh of　くenlroI Slo`khoim.

The 16o residenls are members of a len・

anトOWner OSSOCiaiion whi`h includes aI1

44 opa巾menIs.

The eslale′ Whi`h was reody for oくくu"

palion in　音995′ meels high e`OIogiくal

St〇ndards wilh regard ○○ w〇Ste mOnage-

meni,くOnSl細uくIion materials, energy SyS-

1ems and Ilhe ould○○r environmenI.

Urine-Seporaling loiiels ond ai∴Sm○○l

lreqlmenl planl are imp〇㌔〇nl `OmP○○

nents of lhe IocaI sewe調ge SySlem.

The toilets are wall-hung Dubbletten

models. The urine passes through a

COPPer tOilet seal (many of the seals

Were Subsequently replaced by plastic

Seals) to a system of welded polyethyl-

ene pipes with a diameter of 75 or =O

mm. The urine is collected in two

Series-COnneCted tanks with a capacity

of 40 m3 each. When the first tank is

fu11, the urine mixture overflows into

the other one.

About once a yea種the urine that has

accumulated in the holding tanks is

transported to storage tanks at Lake

Bomsj6n in Salem. The remaining toilet

WaSte and greywater is treated in a local

bioIogical treatment plant, after which

it undergoes further treatment in a sys-

tem of ponds and ditches.

URINE S書RARA賀1ON AND

しOCAしTR格A賀MENT CしOSE TO THE

MuNiCI回AしVASTEVAT格R SYST重M

In Understensh6jden the residents

themselves made all the technoIogical

Choices and decided on system solu-

tions. The aim was to design a water-

bome wastewater system that would

be an altemative to the conventional

treatment plants.

The residents wanted a local waste_

Water treatment SyStem Without

Chemical precipitation, and this was

why they chose a system with urine

SeParation, a local treatment plant and

Subsequent treatment in ponds and

ditches. This altemative was adopted

despite the option of comecting up to

the nearby municipal wastewater sys-

tem,

丁HE CURRENT SiTUATiON

iN UNDERiTENSH6Jb格N

Since the residents moved in, all the

urine has been used as fertilizer for

cereal crops. Howeveずthe Environment

and Health Protection Administration

44 apa巾menls

has not granted permission to release

the wastewater treated in the local

Plant into the system of ponds and

ditches. At present, therefore, the water

is pumped into the municipal waste-

Water SyStem. The reason for this is that

the treated water does not meet the

limit value for phosphorus (0.5 mg per

litre). It does, howeve暮meet both the

hygienic requirements and the BOD

requirement of 15 mg per litre.

The residents are currently dis-

CuSSing the future of the local treat-

ment plant. They have, howevel decid-

ed to keep their urine-SeParating toi-

lets, Which they are satisfied with.

砂移4.戯a錆am〆the Und眺青e郷-

h卸den朝)aSきeu)ateγ tγeatm伽t eyStem.

Hlust糊tion: Kim Gu記kunst
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LAKE BORNSJON

- A NEW FACILITY FOR THE STORAGE OF HUMAN URINE

in 19Oo, I.he City of §†ockhoim boughl all

lhe i〇nd around鴫ke Bomsi6n in SaIem

muniくip○○ity wilh a view †o seくuring lhe

fulure drinking water supply fo営lhe pop"

ul〇tion of §toくkholm.

foday)鴫ke Bomsi6n is置he §loくkholm

Waler Compony七reserve waler `O青くh-

menl. The Comp〇ny七goaI is書o se`U「e

lhe fulure of ○○ke Bomsi6n as a w〇le営

Calくhmenl and preserve ond deve!op 'he

na青u事ai回ndくuIl.ur〇i assets of lhe orea.

The waler inし〇ke BorhSi6n has been of

reIqliveIy stchie quoItry ove「 the γe〇rS,

ailhol,gh lhe input of phospho営us′ in par-

1iくUIoT, is †○○ high.

Å11 0`livities∴SU`h as foreslry; ag営iくu○○

lure, buiIding managemenl, `OnServ〇lion

Of nolu細e and I.heくUi書u細al he細i巾ge are

Subiecl lo woler poIiulion `OnlroI.丁here

are s〇mpling programmes for all the

St事e〇mS lhoI. run iniO lhe Iake and lhe

Swedish universi’y of Agri`Ul'ur〇i

Sくien`eS is∴`OnduくIing ○○ng-1em me〇〇

Suremenls of runo僧fl.om lhe farml〇nd

Whe細e humqn urine is appiied.

DE§CRIPTION OF

丁HE STORAc格TANl(S

Thanks to the interest in developing

urine separation systems and the avail-

ability of cultivated land and coopera-

tive farmers, the Stockholm Water

Company was able to build a storage

facility in the Lake Bomsj6n area,

Which met the requirement for cheap

StOrage and e触ciency in environmental

terms.

The best solution was to use “balloon

tanks” made out of rubbe暮Which are

刷Iing lrom a lanke細

Sきomgr〆human uγine aきL読e Bom擁n, about 30鳥m southu′eSt Qfc鋤きml Stoc脇olm.

airtight, require little construction

WOrk, are reaSOnably priced and mini-

mize nitrogen losses during storage, If

necessary, they can also be moved.

In the spring of 1996 three tanks

with a capacity of 150 m3 each were

installed. Since it was impossible to

make an accurate estimate of the vol_

ume of urine that would be produced

in the Understensh6jden and

Palstemackan estates, it was considered

better to err on the safe side.

It was decided to set up three sepa-

rate tanks, rather than one or two larg-

er ones, SO aS tO allow separate storage

of sanitized and non-Sanitized urine

from the respective estates. The first

deliveries of urine arrived at Lake

Bomsj6n in the spring of 1996. There

have been no problems with the tanks

to date. A large number of study visits

have been made to Lake Bomsj6n, both

by Swedish and foreign groups, Which

indicates the importance of examples

Of excellence when it comes to system

s olutions ,

CROP CROWINC

Henrik Pettersson, the farmer at Ladvik

Farm, has played an active part in the

PrOject. He leases the land where the

urine f料tilizer is applied from the

Stockholm Water Company

Ever since the start of the project,

the field where the urine is applied has

been used to grow spring barley for for-

age" The siting of the storage tanks near

the fields is practical from the farmer’s

POint of view, Since they are readily

accessible and make it possible to apply

the urine directly by means of a fdeder

hose.

呼7t, 6. D確rtZm〆Jhe s!o朋g可袖極所γ human uγine czt Lake Bom擁n.

現ust糊t壬on: Kim Guき揚unst
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THE HOUSING ESTA丁E

URiN暮らERARATION WORKS

Urine-Sepa「aling loile〃s h〇Ve been in

Ope細Oiion and have worked weil b○○h in

apo巾ment blo`ks and in delaくhed hous-

es for more lhan five yeors.

We know tod〇y lhal mosI of lhe urine

Produくed in a housing esla†eくan be `Oi"

1eくIed and dive巾ed vi〇 Pipes lo a lank. I書

lhey are properly designed′ Suくh sys†ems

`an　くOlleくt a　くOn`enlra青ed urine and

WaIler mix書u「e wilhoul Ioss of nu置rienis

ond wilhoul `OUSing any odour or

hygiene problems.

し書SSONSしEARNED FROM

THE FIR§T u教IN格S格PARATION SYST各MS

The urine-SeParating toilet systems

have had some teething troubles:

- Odour problems due to poor design

and installations that are not water_

tight・ In projects where the urine-SePa-

rating toilets are properly comected to

the pipe system these problems have

not occurred.

一One major problem has been the

OCCurrenCe Of stoppages in the toilet

Do n01 clean bolh lhe toilel bowis wi書h lhe same materials (O「 if you do, make sure to

く看eon the urine bowl firs置). TheくeramiくStOpper in lhe Dubble録en should be removed,

Sin`e i富is probabiy lheくauSe Of aくくumula'ions of h〇ir e'c.′ Whiくh in山m `auSeS S'op"

po9eS・

lf the waler f看ow in山e urine bowI appears書o be lowe「 than usual, uSe a meくh〇niくai

Snoke, or uSe a- SOlulion o書sodium hydroxide (`OuSliくSOda disso看Yed in waler) and Ieave

OVe「nigh青・ Then flush青he toife- seal wi'h abou' l`”0 1i‘res of wa'er o' high pressu「e.

use eくOIabe看ied cieoning produc†s.

Make su「e書o use as i軸e walel. aS POSSibIe for flushing the urine. Ttro much waI.e「 dルtes

I.he u細ine and reduくeS i置s Yalue as o fe珊zer ond increases青he t「qnspor' voiume.

1f you wanl to so▼e Wate鴨e肌er pla`e 'oile' pqpeI. in the rear bowI w肌ou† flushing or

Pia`e i=n aI SeparOte WaSto baskeI.

MakesureIhal.書heresidenlsareinformedof巾ereasonsforusingurine"SePO細atingtoi" 

lels. 

Thequanlityandqualityoftheurinelha書issepa○○teddependsverymu`hontheusers′ 

molivotion汗heg「ealerlheusers′awqrenessandmo'ivcl書ion′I.hehigher'heper`en巾ge 

ofurinesepa「°ted. 

1nsis=ha=he書Oiietssuppliedbythemanufoclu「erworkproperlγandareofhighquali小 

Demandde調iledandqくくuraIeins血Ilatioれins観uく惰ons[rom請e'oiie'supp脆ers. 

seals, Which has caused an odour nui-

SanCe, thus necessitating extra work for

the residents or the housing managers,

We now know that it is easy to clear

these stoppages.

- Tb start with, there were no capacity

SPeCifications for the pipe systems and

holding tanks, and therefore the pipes

and tanks were not adequately

designed. We can now make appropri-

ate recommendations for the design

and dimensions of the system as a

whole.

- Groundwater leaked into the piping

SyStemS and holding tanks and soon

乱獲ed them completely. We have now

realized that the pipes must be com-

pletely watertight.

PROpOSALS FOR DEVEしOPM置NT

Many improvements in the existing toi-

1et models have been suggested:

- In order to increase the amount of

urine that is co11ected and to ensure a

COOPerative attitude among residents,

the toilets must be designed in such a

Way that men can stand up when uri-

n ating.

- The toilet must be designed in such a

Way that it is easy to clean the seal and

replace it, and that the risk of faeces

entering the urine bowl is reduced,

- The flushwater (which should be min-

imized〕 should flush the whole of the

urine bowl and the partition between

the two bowIs.

- The toilet must also be adjusted to

Standard measurements and supplied

With the necessary connection parts

and appropriate instructions for instal-

1ation, uSe and maintenance.

- Finally, On aCCOunt Of the risk of pre-

Cipitation and contamination, nO met-

als should be used in pipe systems

designed for source-SeParated human

urlne,
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THE HOUSING ESTATE
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dilution increases the volumes held in

the tanks, the need of transport and the

WOrk of spreading the fe証ilizer. Besides,

the quality of the fertilizer is obviously

lower if it is diluted.

The amount of urine that was actu_

ally collected in the housing estates

that were studied was less than might

have been expected. Between 58% and

95% of the theoretical potential quanti-

ty of nutrients was present in the urine

tanks. This means that the rate of error

as regards separation was about 20%

even among the most motivated resi-

dents (Understensh6jden). Among resi-

dents with no particular motivation

(Palstemackan) the figure was about

40%, The higher the residents’motiva-

tion, the greater the amounts of nutri-

ent collected,

R臨書ARCH

Several studies and measurements were

undertaken within the project frame-

WOrk. For example, autOmatic flushing

COunterS Were installed in the apart-

ments in Understensh6jden and

Palstemackan. These count the number

Of times the toilet is flushed, the

amount of water used and other para-

In addition, the quantity and compo-

sition of the urine from both estates

Were meaSured. This made it possible

to calculate the quantity of the urine

mixture co11ected per person per day

and this was the basis of the capacity

SPeCifications. The chemical composi-

tion of the mixture was measured as a

basis for a comparison ofthe amount of

nutrients with the estimated potential

assuming that all the urine had been

SeParated and collected.

A detailed questionnaire survey was

also carried out in all households in

both estates, aS Well as in three other

estates where urine separation systems

are insta11ed. In responding to this ques-

tiomaire, the residents described how

much time they spent at home, how

they looked after their toilets and

Whether or not stoppages had occurred

in their toilet seals. As a result of the

questiomaire survey 17 seals where

StOPPageS had occurred or the flow had

been greatly reduced were examined,

On the basis of the宜ndings of the

questionnaire survey and house calls,

1aboratory investigations were under-

taken to find out whether the material

in the seals or the water flow were sig-

nificant factors in causing the stop-

PageS. It was found that a deposit built

up faster in seals made of copper than

in plastic seals, It was also found that

flushing with a large quantity of water

for a short time and using acidified

flushing water reduced the buildup of

deposit.

Neither of these methods actua11y

PreVented stoppages, but helped to

delay them. The greatest e節ect was

achieved by using acid flushing water

心H l〕, Howeve暮this method is not a

feasible altemative, Since both flushwa-

ter and the urine mixture are hazardous

to health at such a low pH level.

A high flow rate and a larger amount

Of flushing water (0.3 1itres per flush)

SIowed the buildup of deposit by 75%

COmPared with seals flushed with the

normal amount of water (0.1 1itres).

But this method cannot be recom_

mended either, Since it dilutes the mix-

ture.



●丁叩∋叩田平○○曹J〇 〇〇U∋S∋Jd ○○事事

JO SJO叩つやU丁SセP∋Sn ∋Je叩中堅Jel⊃eq

U亨叩〇〇 〇1 0S18 S叩d加重∋耶丁叩⊥ “Ⅲ∋事

-S人s ad了d叩l U叩1MOJ8 4q了SSOd pue佃y

-A曹つゼ暮す○○事⊃叩S∋〕坤PU叩〇円八′9P堅0叩

UOq事e⊃ 0叩P∋坤Au○○ S了e8pn丁S ○○軍事

U門型事関口〇匹e8○○事叩事P〇八〇tうS S亨S牢Uセ

e田’P∋S」中Ue S別人S∋d亨d ∋中里P∋田町

呼や∋8pnlS ○○喜事UてUO印可ds○○叩⊥
.ずU均8u畢丁Otう叩事

01 uO!叩OS 〇匹事n叩事J〇 ㌦Odsu叩〇円

餌丁mP P∋A教∋SqO Sセ八6 0〕 [ Ⅲ〇号丁∋A9丁

Hd叩l U! aS早語∋AO∋JON “S∋d!d叩l U[

S田町l叩事∋8pn丁S叩事U了S∋Z丁S叩印可JO

UO工事nq叩S岬叩事J○ ○PeU重9J∋八Se曹叫S

人Ii^i⊥⊃V IV⊃1oO「O19 aNV

S]i軸]dO格d lV劃S人Hd

’PeU了

-UⅡeXe U∋e叩OU eA叩eS∋巾叩q鮎叩n○○

叩1 U丁SⅢelSÅs uo中靴d∋S eU草n J誌Je書

OZ 3t事〕 JO 3UO U亨ad申euo u! P∋Jm○○O

∋A叩S∋君edd0事S丁eU〇千Sセつつ○ ′s叩叫S ∋S∋巾

8u丁八〇I丁O占“eSO甘∋JnSSeJd叶畠中JO UeP

○○e8ゼ甲M叩O P叩S叩∋q華SB∋ P丁nO⊃

PuゼSed中る巾0事∋裏町Pe事0U P曹∋8pn丁S

〇円∵ねA〇八〇H既O廿叩〕裏町SⅧ叩O裏d

e具n叩叩∋S○○d 0事中型丁P∋○○P!SU○○ S臥

S叩P耽′Ⅲ0れOq ○○I〕 UO Pe田町∋8pn置S

Sn○○S亨A覚AB叩∵(関田0⊆)叩UⅡS ○○事

S∋d亨d叩1 JO暮ら事∋調印叩1叩q叩〇千〇関nS

Sゼ∧人UO叩U曹U亨叩事裏O ′s丁丁珊⊃eq eJeM

○○叩事嘉O ′%t U叩事SS∋1 Se八uO叩U曹U!

叩事なら^∋八〇〇事′∋J叩八●SⅢe丁qOJd e」n叩

JO SUOpe⊃TPU! OU　3J∋M aJ叩⊥ .UO亨叩

-J∋do JO SJeaA s’Z-Z J∋叩aTq串I83U Se八

田O事〕Oq 91嘉〕 UO P∋Ⅲ具町P叩事e巾e8pnIS

JO叩nOUⅡg音○○I〕 (田町OII)誌上e丁鰍∧ ○○〕
-∋調印叩1 PUゼ(%I IS∽丁叩) uo叩U曹U丁

笹un留男nD uI樹:u叩卿S卿I ’Su都心u叩糊2タあ∂u,(nメサ岬祝ク‡勅m型や

佃pきタdの∂笹puりS∂句♂♪ uo坤鋤即準p硯ク鋤0即∂笹p ∂笹放胆∂つのOO SuO印かu∂鋤鋤O鼻∂甘●6 aIn珂

%○ ○S○○I io ]O uO!iou!I}ul

(山田o=人i『n山刊○○d)山田与`くの

aNnO曽O Ni aNV §ONla「In田]aI§Ni

iu〇人6u!uP叩

PuO uO!1うadsui

○○I!○○ §a A60lO}i uOW iSOM OW岬八〇〇〇人○○d uos○○dli OO6

書○○!Oi uelleIqqna e叩叩^ JO〇人置ed uos置ad/I oSS

んp D S葵nolI Sl"CI euO岬lo SlueP!Seお

§NOi§NiWle洲NVl

.6u!uDel} le害Aq 」O aJnSSOJd 」elI'ハ1DI田Ou IDんDSSe}eu SD Pal岬∩けeq uD} Sed!d al⊥

:iSVHd NOl鵬idO iH⊥

.1e6pnq 」n〇人u! PuDi田P書O事au!On a○○ 6u胆In}」!⊃○○書O ISO} alll葵OJ ^oIIV

●6u!uo叩

PuD uO!l}edsu! a岬事贈DJ OI SD ADM D甲nS u! Pau6!SeP Oq PlnO甲uualSAs ad!d aH⊥

’eu!Jn ell lll!^ヽ l'D〇〇 〇〇 PeSDaIa葛

eqん細事D叩Se}u01SqnS lnタ田甲賀O Slo事e山u!叫uO} lOu PいOIS S確u叫Pu。 Sed!d a音⊥

.se6oddoiS aSno} uoうSed!d o叩u! S"〇㍍}〇回tl○○e調o!p u! (uu o l [ Alq〇〇〇事e賀d)

uluI S∠ lSoal ○○ Oq PlnoLIS Puo %l lSDal書D JO uo!lDu!I}u! u〇 lD P!DI eq pInolIS Sad!d a音⊥

.1ueI〇人!nbe JO Slu!o! papI〇人^ Jo SuDeuu Aq叩6!I○○l〇八AieIeiduo} aPOu eq事Snu Puo

(SeSSoI D!uO田山o PuD mOp0 lO )IS!」 a叩0書OnP) paLIDl!lu〇人aq書Ou lSnuI Sed!d au!」n a叫

.1ePou §a J(6olOブヨuDW ISCM a叩」O事Sa型i SてInOqD PuD

iePOuI ueWe看qqna O叩」o)んp |ed uos○○d ○○d uo!ln獲OS auリn S. ○ ○nOqo :句}odo} A○○]

:i§VHd ONINNV「d ]H⊥

日工V二LS田DNISnOH EH⊥

叩〇千〇凹nS門叩町〇〇〇八S∋d亨d et事l ∋J叩八

〕C巾　P〇八〇I事S SUO打つ∋dsu丁　∋S叩⊥

・Se8電d

-doIS PUt3 8uJ務op JO翠J叩l JCIJ平らや

0事S9d申〇円U亨S○○n〕」∋鹿町8n〇〇円Pヨ

一事○○dsu亨eJ〇八Åe巾U叩つ聞置e事叩d U丁PUe

′p∋Ⅲ丁甘○○P亨^ ∋J〇八U9Pf叩Sue事S喜平Un

U亨Sed亨d eu丁皿叩事JO S叩∋Ⅷ 0[叩OqV

H関ViS]増

●UO了叩OS elう事∋JOIS O〕 P∋Sn PUc dn

P抑揚」申〕関よる叩○○C叩中平Uel e8境01S

PUe 8u叩l○○喜Sセ巾Oq PeSn ∋q uC⊃ S†U均

P∋1⊃∋UU○○丁e暮甲セd ∋JOU嘉∴〇〇 〇Mユ
“叩0 8u丁準∋暮

uoT叩OS eu草n叩l JO PUe SedId elp O叩

8u丁平ら1 Je叩八PunOJ8 JO翠J叩〕 S○○nPe裏

町∋事SÅs J∋〕事e丁叩⊥ ’S調印SÅs ∋d亨d具∋

一事〇〇〇IS巾亨八S草U均It;⊃0丁J斗Ie田S甲Pe事○○丁

-置○○ S叩JO ′甲U均丁叩U〇〇 〇JOu重〇〇 〇U○ ○〕

Pe叫9^叩S亨e〕均S○ ○叩U! Pel⊃斗丁○○ ∋U草n

叩川c裏町叩日’S∋叩Å P∋事⊃甜U〇〇 〇暮官Å○○喜暮

庇八〇〇う事PUe ∋叩S∋ 8u丁Sn○○うB U丁SずU均

JO JeqU重nU叩⊥ ’SずU均∋JOU口裏○ ○U○ ○叩丁

Pe叫∋A亨P PU電SPl○○喜∋Sn○○I 91I事丁丁C U置〇号

P∋l〇割置O⊃　S千　〇〇叫Xてu嘉　∋U甲n el事〕 SU置∋事

-S太s uo叩裏edes叩m叩⊃S-e8JC置UI

“suo叩IIelSU! Pue S∋d!d 3巾J町P∋Sn

eq p丁nOtうS S四つⅦ OU ′叩Jn ○○喜事甲Se事叩d

-SOIId etI叩叩M加Tn〇四ed u中つ憐u Sed亨d

PUt; S丁eeS　事叩O事　u了　PeSn S丁均∋lⅡ　事e巾

八〇t喜S S叩叫S JnO ∋叩S ’斗U均8u耶O甘

電0〕 ⅢelSÅs ed亨d 9叩セdes c 『8no叩S○

○SSed ∋具申華1Ⅲ J〇時八IIS叩PUe eU甲n叩⊥

]NIHn案O NOl漢⊃]「「OD ]H⊥

aNV §Wi⊥S人§ idld

“sⅢe丁q○○d ∋Set工I P千〇^e O事裏∋P○○

甲P〇八〇l四〇q P暮nOt事S八〇丁∋q U∋A串SUO工事

一叩U∋関田〇〇〇J叩⊥ ’S∋d丁d ∋巾u丁PeⅢ暮?亨

Sすら8p叩〇〇匹S ′丁叩U∋SS○ ○重電S○○nP〇〇

〇〇Jd ∋S叩⊥ “S∋dてd ○○喜事t喜S叩PUe ∋⊃亨AJ∋S

PU電甲⊃らし喜つい○人脈○ ○事叩!SSOd事0U

U∋巧O SeM叩亘∋A○○JO困’∋Apつ巴町叩SS∋丁Jヨ

ーZ叩叫導○○Il ∋P関口PUセ旬U9nb埋る事O関

門U均叩l叫Odsu叩PU電心duⅡ○ ○事A鳩S
-S〇〇〇U叩9P剛u qutIM ‘s○○t?丁d I境∋A∋S U亨

甲U均PUB S9d丁d叩〕 0叩Pe)I∽丁J∋〕eM



THE HOUSING ESTATE

The tanks are of fibreglass plastic and

are standard products used in other

construction works. The technical com_

POnentS are nOt neW, although they

have not previously been used for the

PurPOSeS Of holding separated urine.

The nitrogen losses in the housing

estates were less than l% in all the con_

ditions that were studied.

For optimum results in environmen-

tal and hygienic terms, aS Well as from

the point of view of operation, the rec-

Ommendations given below should be

followed in comection with the collec_

tion and storage of urine.

DESICN ANDしOCÅTION

OF HOしDINC TANKS

It is possible to store all the urine pro-

duced in the housing estate until it is

collected, but in that case the tanks will

have to be larger than if the urine is

stored near the fields where it is to be

applied. In any case, the tanks should be

within convenient reach of tank trucks

and any other equipment used for col-

1ection.

The manhole of the holding tank

Should be located dose to the incoming

urine pipe, SO that it is easy to inspect

the pipe. Great care should be taken if

it is necessary to go down into the urine

tank, and the regulations issued by the

National Board of Occupational Safttry

and Health must be complied with.

The tanks should be胤Ied from the

bottom, Which will be the case if the

丁H置pLANNiNC PHASE

すhe holding置anks ond -heir `Onneく†ions mus- beくOmPie'ely impeI.Vious t0 1he su○○

rounding wateh They mus青be designed s0 1ha=he lank is filied fI.om書he bo請Om (置he

in`Oming pipe mus青be benl l.0Wards I.he b〇着Om O白he青ank)i lhe pressure should be

equqliェed, bu=he巾nks mlJSl' nO青be ven州aled.

Attenlion musl be paid l.o lhe i輔ng force o書groundwa'er where -he ievel is high.

Consider †he possibility of using o su.1ion we○○ and a holding青ank localed a=he suI.-

fa`e Or above ground.

>The manho看e of lhe holding ‘ank shouid be lo`O'edく看ose ‘o I.he inくOming pipe′ SO tha書

師s easy一〇 inspe`一青he pipe. The青ank `OVer ShouId be secuI.ed in su`h a waγ 〇S書O

minimize lhe risk of children foIiing in書0 1he lonk.

舶severa看青anks a細e ins'alled′一hey shouId be piaくed in pa「alieI′ ond no書Ser副yくOn"

¥ne`ted, SO †ho=heyくan be fii○ed alte「na書eiyl

T鵬OP各RATION P軸AS暮AND S丁OPPAc寡S

A lhin l〇yer is fo「med of poI.tiくul〇te"rich bo岬Om Sludge wi書h high leve獲s of nitrogen′

Phosphorus′ `Ol`ium′ magneSium e'く・′ bu富this is n01 1ikely to affe`書'he emprying of

重hetanks.

`uPa筒onai Sofety and Heallh shouid be foIIowed if i書is neくeSS〇ry lo go down in書寄

incoming pipe is bent towards the bot-

tom ofthe tank (see宜gure 9, P. 17).

The holding tanks and their comec-

tions, Which are often located deep in

the ground, muSt be designed in such a

Way aS tO be completely impervious to

SurrOunding water and resistant to the

lifting fbrces of the water.

There is no experience in Sweden of

PumPing human urine into pipe sys-

tems, but pumping urine to a holding

tank above ground should not present

any technical problems.

R格S各ARC H

The holding tanks in several estates

Were inspected in connection with

measurements of the flow and the con_

tent of the tanks. This yielded a great

deal of information about both the

design and the function of the tanks.

Careful measurements of the various

Strata Ofthe urine in the tanks also pro-

vided data about the distribution and

conversion of nutrients in the tanks,

Gas exchange measurements were

made in order to determine how much

nitrogen was Iost from the holding

tanks in the form of ammonia. These

established the number of gas

exchanges per day in the tanks and

therefore made it possible to calculate

the actua=osses of nitrogen during

holding and storage.



●eU甲n UCu嘉n○I

甲M P∋Z亨丁印可　PO?王　8u曹勝　二申0叩

SⅢ暮ゼ帆b ÅuゼP叩S叩叩S〇〇八拍●UO了事

-セ暮ed∋S ∋U草n JO JnO^曹U! eJc SJ∋Sn e巾

P田巳血edⅢ○○ 8u!Sn○○I叩事巾Oq ′su旧置
-qO裏d ∋S叩1 01 PUn町S! U〇千円OS九〇1

○○曹S叩SセJI “S叩ePUOds○○乱調OS P軍事○○M

∋u丁m叩〕 JO句事ゼnb叩U∋了8句∋巾叩O叩

心u了叩○○m Pue a⊃UO Ue巾aJOu叩らITOl

∋巾甘S叩O事んゼSSeつるU S∋田やⅧOS S軌人

草叩世事⊃町叩⊥ “叩∋U重UOJ丁AU〇 〇円P∋岬

一関∋q布1∽嘉S事叩O事∋巾嘉叩事叩M P帥○了l

-S∋nb田91う事J○ ○ⅢOS ′ss叩四〇A∋N ●事○○f

-OJd etIIJO Lred t? aq O叩nOJd a裏eM PUe

叩∋ⅧU○○亨^U∋叩事∋AOJd叩01 ∋J叩S裏や巾

OP O事○○qe ∋q Ol Ådd叩○○∋八人叩1 〕叩〕

P∋閏S SJ∋Sn叩⊥ “PUn○○8 M甜8u子平∋Jq

JO P!叩e 〕OU S叩Uセ僧0丁0Ut喜⊃∋事甲UeⅢ
-U叩^U∋甲SIU∋Ⅲdo丁e^叩JO叩○畢J?J

叩事叩∋q OI U○○)【 S亨u○○甘SⅢ丁〇〇円○○事S

臼Ⅴ ’S事e置て0〕八〇U e巾〕爪O叩SnO早nO ∋J〇八

S叩ePTS∋J叩l PUe 133foJd 3巾JO SJOl叩

一興叩事t喜〕O叩叩叩〇八〇華人pn事S 〇℃田

’S〕叩0〕宝u亨汚職d∋S○○U亨皿

教や巾01 ∋Pn叩〕c.S叩∋PてSeJ e巾P∋〕⊃甜e

Ⅲ∋1SÅs e8剛∋M∋S叩1 J0 8u叩0了〕関門

∋叩∴甲Oqe UOて事eU口裏9JU了　八〇t工lうS亨1q均Se

OI St?M中y叫S e巾JO eSOdJnd a田中yS

-JeA叩∩ 8mqU〇円O〇 PUe A8oTOu申子L

JO 」(叩○○^叩n SJ∋聞置叩○ “Ⅲ〇号dnoJ8

申Jt39SeJ e句[66[ U十nO P3IJJe⊃ St2M

e〕均Se U8〕PeU○○事S平d 91嘉〕甲S叩eP亨S∋裏etI事

JO細れO亨A電撃q ○○I事J〇人p叫S巾d叩-U亨UV

§NOSVi確lⅥN案WNO冒1^Ni

確O] S⊥案「lO⊥ MiN ]H⊥入超⊥ O⊥

ONl「「lM ]確V S⊥N]alS]確

’Ⅲ〇円JO叩8n○○やÅ∋世事叩八PUc Sl∋I

一千〇事J即〕 Je叩P叩○○置長巾八〇I重JO S事ゼ丁

-n⊃叩ed puセSP丁○○喜∋SnO甘叩〕叩OqC叩P

甲∋U∋8 01巾Oq Pe〕叩J SUO工事S∋nb叩⊥
●SP丁Ot喜eSnO甘○○e 01叩∋S ∋埠UUOpS∋nb e

JO聞置町叩事斗○○1 S∋〕e事Se急uてSnOtうJ叩〕O

PUe U町⊃eU事e事叩d　′u三河9し事SU∋事SJePUn

甲∴叩O P聖JJ8⊃　SÅ∋^mS　叩⊥

H⊃HViSi増

●I八〇q J8∂置○○p ∋Sn

OI事e丁S8〇千] eSe0 1e巾U了PUセ′uo即SOd

8u叩U均Sゼ里∋叩甲m O事J野暮d u∋Ⅲ

∋Sn8⊃∋q U∋∋q eA叩短調s円上●(置八〇q

叩Jn叩1) 1叩0〕 et喜〕 J0 1八〇q叩0草∋巾

8u!Sn PeddoIS S叩叩S∋J U叩つ閃○○〕S丁ed

○○喜I J○ ○ⅢOS ’U9Pf叩SU∋事S嘉ePUn Uす

らSO巾Se euTm叩l JO UOpeJt3des JedoJd

∋事nSU○　○〕暮章曹9重電⊃　Sc　事OU　∋J〇八　S事U∋P

‾亨S○○ U町つ電UJ∋事S丁ed叩〕叩世事⊃町叩事O事

∋叩布qcqo重d s百八〇U中れる巾U丁S叩部J叩u

JO U〇円ゼ叩○○U○○叩〕 SPよせ8∋重Se S∋的S∋

S調O叩A叩1 U∋∋八leq ○○U∋J甜やる甲⊥ ‾

’P∋AO事d叩UO印U噌

8u叩S叩叩叩UゼP副甲u関Ⅸ∋ ∋J〇八Sl叩0事

叩⊥ ’PetISe置ds叩叩巾PUe Ue叩1MOq

叩〕甘Sn甘〕OU P吋　事○○工OI U∋11∋丁qqnq

叩〕 〕叩事　S叩8置dⅧ〇〇　〇事∋M　∋J○○肛
●U∽暮0 d∋叩0事J〇号S輪叩甘八eⅢOS S8M

事叩O事S〇億〇丁〇〇日Uセ困〕Sq仇9中る間八
′甲〇八∋○○Ⅲ P○○甲b∋J 〕叩01 U∋〕事el叩n〇

〇〇I=叩事PUn9亨S叩ePUOds∋J旬置了0〕丁e

-uOPueAUO⊃ e甲M P∋Jeduroo ’Sl叩O叩

-UOPU9AUO⊃ U叩事u∽P d∋叩O叩n⊃脚P

∋JOu重〕OU ∋舵S事叩O事8u叩J可∋S○○U了嘉n -

● UO亨事e暮暮均S里

心丁n曹工○ ○〇匹導U! J○ ○Snc○○q布U坪田

Sc八S円上●事記事S et喜ロゼⅢe置qO嘉d mOPO

ue petI SPIO申SnOq甲∋AeS tI8no巾Ie

′s事叩O事裏門〕O U調い∋○○田中型∋叩OU

置置訓uS lOU OP Sl叩O1 8upeJedes-9UUn 〇

人]^確n§ ]確IVNNOl⊥S獲れO ]H○ ○O

§ONIaN○○ ⊥NⅥ確OdWl ⊥SOW ]H⊥

・S〇 〇〇人

〇〇〇漢I Puo S岬luO葛調X!S u○○Mlaq賀qJ Sl○○

"!O1 6u!lOJodes○○u!On O音l PeSn Pl叫SlueP

"きS〇° e叩〇°!ouuO!lSenb aLllずo OLu!○ ○lI=V

○○uIe60IIo SeIolSe 6u!Sn01 e^!事u! SPl〇〇

〇〇SnOL1 6uo叫o lnO Pa!〇〇〇}∴§O^∧∴SlaI!01

6u!lD」Ddas○○u!」の01 1}eds〇〇 〇円八SuO!lD〇

・}edxe.slueP!S〇〇 〇叩ずO AeAmS e」!ouuO!l

"Senb eH⊥ ●uuelSんaLll l0 6u!uO!l●uきずe叩

u○ ○}e対e IuD}朋u6!S D SDu SHi ′peu○○Ju!

"11eA^ Puo P○○D^!lOUu O賀D Sluep!Se賀〇回l Jl

S日Gn⊥I⊥⊥∀.S⊥N日GIS目せ



TRANSPORTAI|ION AND STORAGE

When書he p「oieく1 sta巾ed lhere wcIS nO

experien`e O=u音○○Sくa音e systems for lhe

「eくi「くU音a置ion of urine lo ag細i`Ul書u細a○ ○and.

Where lhis had been I細ied,書he Y○○umes

Were SmqlI and wereくOllec,ed by音oくaI

fa「mers from †he housing eslale fo「

app音iくalion direく1寒y in lhe field. 1n some

housing estates ext調i-StOrage ‘anks

Were ins巾lled near †he buildings′ Whi音e

in oI.he「s∴Su鮒くien書くClpa`ity was found

neqr lhe fieIds whe「e il was †o be

appiied.

During the four years I.ha†書he proie`I.

has been in prog「ess al SySlem fo営書rans“

POrlalion ond s○○rage has been bui音‘ up′

1esled and found I.0 W○○k we○○.

丁RANSPORT柵lON FROM HOしDINc

TANKS TO THE S丁ORAeE FAC音し1TY ON

TH格STOCKHOM WA鵬R CoMRANY′s

リ1ND AT LAK格BoRNSJ6N

When the holding tanks in the housing

estates were full, Or Six months before

the urine was to be applied, a COntraC-

tor (RagnSells Agro) received an order

to empty the tanks. The urine was

PumPed into tank trucks and trailers

and then transported to Lake Bomsj6n

and emptied into the storage tanks by

gravity.

The total volume of urine transport-

ed to Lake Bom?j6n was about 150 m3

Per year during a fouryear period, i.e.

70-80 m3 per year from both Under-

StenSh6jden and Palstemackan.

2o

電 p 婁 �OncludeIongr際rm ��寄greemen青sw肌胎富 ���調合膳〇nd縫r`帥一正軸o「5・ 
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Tb寂れc広fmn呼0毎夜urine to Lake Bom擁n.

AcR龍M寡NT§ BETW龍N THE PARTIES

The first stage of the project aimed to

establish the various components in the

recirculation chain and make sure that

they functioned satisfactorily. These

arrangements were not always formal-

ized in agreements between the parties.

At present, the contractor (Ragn-

Sells Agro) is responsible for the urine

during the transport to the storage

tanks at Lake Bomsj6n, Where the

Stockholm Viter Company assumes

responsibility. No Iong-term COntraCt

has been signed for the disposal of the

urine from the two housing estates, but

the plan is to formalize the recircula-

tion process and maintain it on a multi-

annual basis.

As regards permits from the author-

ities etc., nO formal application has

been made; the project has been
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CROP GROWING

Al [he s†q巾Of lhe proie`, lhe「e were

many quesIions aboul urine cIS ferli音ize購

Whcl〃 e惰e`〃 did human u細ine have as cl

書erlilizer? How muくh ammonia is Ios書in

くOmeく置ion wilh appli`a‘ion? ls urine poi"

SOnOUS Io †he planls? 1n orde事I.0 be able

lo answe「 lhese impo巾an書ques‘ions,一he

P喜Oieく1 foくuSed inくreaSingiy on fie音d l.ri-

OIs′ inchding c.nqIyses of yields and

environmen書ai eHeく1s. These lria音s we「e

くarried ou書fo=h「ee suくくeSSive yec.「s a‘

しake Bomsi6n on音ond ieased from †he

Slo`khoim Waler Company by　〃he

fa「me「 Henrik Pe晴ersson.

The trials have increased the under_

Standing of human urine as fertilizer.

VNe now know that human urine can be

a substitute for mineral f料tilizer for

Cereal crops without causing any signifL

icant adverse e任dets on the crop or the

environment, e.g. aS regards yields,

ammonia losses and the risk of nitrogen

leaching.

22

昂eZ右れaZs o而h human uγine at Lake Bom寸vn.

丁HE SlcNIFICANC格OF Fl臆しD TRIAしS

WITH HUMAN URiNE

The farmer is an important partner in

connection with the recirculation of

nutrients. If farmers are not indined to

COOPerate it will obviously be more difL

ficult to establish a proper nutrient

cycle. Farmers who are offered human

urine as fertilizer will want to know:

“What is its nutrient value? What

effects will the urine have on the soil

and crops?”

It only became possible to answer

these questions after several years of

宜eld studies of urine as fertilizer.
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OnS. AIl modem tank wagons are now

equipped with a pump for emptying

and spreading the contents. when

SPread on unplanted land, the urine can

be incorporated in the soil by harrow-

ing.

There are also applicators with slid-

ing shoes, Which incorporate the urine

directly both in open soil and in grow-

ing crops (see宜gure l l). However, this

technique is still rarely used in Sweden.

Fi軋D TRIAしS

Field trials were carried out in order to

Study the e任dets of the nitrogen in

human urine on the grain yield and in

Order to assess the e触ciency of the

nitrogen, i.e. how large a percentage of

the nitrogen applied that is taken up by

the crop compared with mineral feftil-

Furthermore, meaSurementS Were

Samples being fa居en in方eZ在れa息

TZzble 2. The 7?ufrjent come研Qf human u7砺e in J997-99 。Ompaγed u′ith嬢and bot,ine u7擁c.

24

made of ammonia losses after human

urine was applied to the fields by

means of different spreading tech-

niques and at sowing as well as in grow-

ing crop and of the quantity of residual

nitrogen in the soil after harvesting.

丁H漢TR音AしSI丁E

Field trials were carried out at Lake

Bomsj6n during the period 1997-99

and expIoratory trials were carried out

in 1996 at Berga, SOuth of Stockholm.

In the 1997 trials the soil consisted of

heavy clay that was Iow in organic mat-

ter while in 1998 and 99 it was a clay

loam with a higher organic content.

Since 1990 the trial宜eld has either

been sown with winter wheat or lain

fa11ow. The first year the spring was

rainy and cold followed by a dry warm

Summer. The crop suffered from a

Shortage of water during the growing

SeaSOn・ The summer of 1998, however,

WaS Very rainy and warm, Which

favoured the mineralization of nitrogen

in the soil and as a result the e任とcts of

the fertilizer were di鯖cult to assess.

The summer of 1999 was dry and

Warm, Which again meant that the crop

su任料ed from lack of water.

1MPしEMENT,皿ON

In the宜eld trials the effects of human

urine were compared with those of

mineral fertilizer in a barley crop.

Ammonia losses were measured for

Various application techniques and at

Various times.

The nutrient content of human

urine varied from year to year (see table

2), and therefore the nutrient input

from human urine also varied" This may

Partly be because the urine that was

used in the different years came from

di賃料ent housing areas.
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Barley yields for different doses of

human urine and mineral f料tilizer are

Shown in figures 13, 14 and 15. The

graphs show the average values for the

three replications with the highest and

lowest values marked. The expIoratory

trials in 1996 showed that the yield in

PIots f訂tilized with human urine was

roughly the same as in pIots f料tilized

With the same quantity of artificial fer-

tilizer nitrogen.

In 1997, the yield after a dose of

about lOO kg of nitrogentha in the form

of human urine was 80% of that follow_

ing a dose of 90 kg of mineral fe巾ilizer

nitrogen per hectare. Ammonia losses

amounted to 5.9% 〔20 tonnes/ ha).

The weather in 1998 caused high

nitrogen mineralization in the soil. The

effect of mineralization was greater

than the effects of fertilization, and

there were large variations in the trials.

In that year the yield in pIots fertilized

With human urine was greater than in

those fertilized with mineral fertilizel

but the di任尋ence was small since the

yield was mainly determined by other

factors.

In 1999, the yield resulting from a

dose of about 80 kg nitrogen爪a of

human urine corresponded to 85% of

that in pIots feftilized with 90 kg of

mineral f訂tilizer/ha. Ammonia losses

amounted to 4.7%. The application of

larger amounts of nitrogen increased

the yields, Which indicates that the

main determining factor for the yield

during that year was the fertilizer dose.

Tb sum up, barley yields in pIots fu-

tilized with human urine amounted to

about 80-90% of those in pIots fertil-

ized with mineral fertilizer following

normal nutrient doses for a spring bar-

1ey crop. If the amount of nitrogen

remaining after ammonia losses in con-

nection with application is taken into

account, the yields were about 80-90%

Of those resulting from the application

of mineral fertilizer.
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HYGIENE AND PROTECTION
AGAINST INFECTION

urine in itself p細esen’s vi○○ualIy no risk of

infeくiion. Bu' i'くan beくOn’omin〇ted by

p〇書hogens prese巾in foeくeS. 1i w〇S

Widely fea「ed lha=he es血blishmen書of 〇

new sys書em inv01Ying a lerriliェer lha書

hod no‘ previousiy been s‘udied might

give rise lo new and possibiy un〇くくePト

able infeく〃ion risks. Tbday) We know

mo細e abou=he hygienic aspeくtS Of urine

SePora置ion ihan we do aboul. olher

WaSlewa富e細sγStemS, in`看uding conven-

tional syslems・ 1f approp細i〇〇e measures

qnd preくau〃ions are l〇ken, 〇nd if lhe

re`Ommendalions for s’oroge and appli.

くalion are foliowed′ ‘he hygieni` risks

associated wilh urine sepa〇〇‘ion are

Very Sm○○I.

Figure lO on p. 21 shows some of the

transmission routes at various stages of

the recirculation of urine to farmland.

There are as yet no rules for the hand-

1ing and use of source-SeParated human

urine" Our proposals represent recom-

mendations based on the宜ndings of

the research projects that have been

carried out.

卵he γeCOmmendaめnsかq坊加tion細aγe je,llou,ed, u7海e cm be used on all 。卿s升串s

∫tOγed at 710t !ess Jhan 20OC〆)γ at Zeast諒mo海広

MEASURES TO

REDUC格1N幡CTION RISKS

Infection risks in connection with urine

SeParation can be minimized by taking

the measures listed below

PR[ “TREATM格NT

Storage eliminates or reduces the num-

ber of pathogens in the urine. The

reduction is greater if the urine is

StOred for a long time, at high tempera-

ture, With a high concentration of nitro-

gen and a high pH level in the solution.

AppLl⊂A'1oN T寡CHNIOuI:S

Steps should be taken to reduce the

formation of aerosoIs (dispersions of

Small drops of water forming a mist)

and the exposure of the farmer in con-

nection with application. Incorporation

Of the urine into the soil, aPPlication

dose to the ground and harrowing soon

after application reduce exposure.

RE§TRICTIoNS WITH R各§P暮CT TO CROPS

If the recommendations conceming

application techniques are followed,

urine can be used for all crops if it has

been stored at not less than 20OC for at

least six months and for all crops

except food crops that are to be con-

Sumed raw if storage takes place at not

less than 4OC for at least six months.

CHOICE OF SIT寡

Choosing a suitable site and time for

the handling and application of urine

helps to minimize the exposure of peo-

ple and animals in the area.

AIVOIDINc RiSl( OROupS

Given the present state of knowledge,

urine should not, aS a PreCautionary

measure, be collected in places where

the excretion of pathogens and medi-

Cines is known to be higher than nor-

mal in the population, e"g. hospitals and

homes for the elderly,
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鵜s IT POS§獲BしE TO SAV

WHICH VVAST格VA丁格R TREATMEN丁

SYST漢M IS髄ST?

It is di能cult to compare new waste-

Water SyStemS With existing ones, Since

We do not have any large-SCale exam-

Ples of urine separation systems that

SerVe a COmmunity as a whole.

Therefore, in order to assess whether

urine separation enhances the waste-

Water treatment SyStem We muSt rely

On eXisting data and assess, With the use

of models, the effects on the environ-

ment and resource management of

Various treatment systems.

Although simulations are not mea-

SurementS Of actual systems, they can

PrOVide useful information which can-

not be obtained in real lifa Models and

Simulations make it possible to com-

Pare Various system solutions on the

basis of equivalent conditions. The sys-

tems that are compared should have

the same function, e"g. tO SuPPly the

Same amOunt Of nutrients to farmland.

How coMPARISONS WERたMAD格

The treatment system in the

Palstemackan estate was modelled and

its e任とcts on the environment and nat_

ural resource management were simu-

1ated. ORWARE, a COmPuter mOdel

developed to simulate the production,

treatment and handling of solid and liq-

uid organic waste, WaS uSed for the sim-

ulations.

丁HE FOししOW看NO nVO TREA賀M格NT

SYST漢MS W格R寡COMpAR寡D看N THE

SIMUしA丁IONS

The system currently used in the

Palstemackan estate, i.e. urine separa-

tion combined with the conventional

SeWage treatment SyStem in Stockholm

for the faecal fraction and greywater.

The conventional system, in which

urine and the accompanying flushwater

enter the conventional sewage treat-

ment system in Stockholm.

The Hcn巌sdal “′aten4,0応fn Stoc鳥holm ensuγeS S穣一函he-a汚,砺cient γtmOひa材pho坤ho腸s

and偽7呼n.

7bble 5. 7he Pammeters used j伍he simula-

寂m与”hichの鋤my Clo5eわaaual cond寂ons

in the物心柁ma訪an es肋巴

私議棚雌 �字音、壬音く ��蜜Å5富を剛腹 � 
未’ 

庇競うpo斑d藷青 �∴ ∵ �弐 �車3k調 � 

lrogen∴rem∴ 

鳳e皐eWq嚢 � � � �∴　∴: 

請eの富請en†申書Q �∴ 丁 子 �塁 �∴∴　　∴∴∴ 上古o%∴工 

割けd鋼e書o簡r 

す陥e印e巾郎 ���子ら与%; 

byre溺d去れ農事 ∴Deg「eeof∴uri �案 ��らhou嚇鋤d 

挿pqr0蹄の職 印u丸wolei" �葦 ∴ � �∴e与%言 切喜1I肌合職 

鏡鵬岬埋れeou5軸ush ���“% 

、N譜富o容創饗髄容さら的 ���与%、 喜00%乱 

耽れ青田V寄香置繭町○ 

鳳e調和的夢離れ締着he 

恥部種油竃lqb胱巾〇番 
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∴a)Thep∴elrCenl亘∴ge∴Ofurineflushe; 

∴ore-dccompanied∴by:practic 

朝議叫富的調○○u5珊u事h雷n蜜of再説働e綿雪 

bow喜. 

b)During:thehdndling言ncludih 

∴qpPI龍d†ion,Ofurine∴ 

c)The:availab灘ybftheni†rogen∴ 
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These two systems were compared

With respect to their simulatedeffects

on the environment and natural

resource management. The parameters

used in the simulations are presented in

丁もble与.
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COMPARISONS WITH OTHER WASTEVATER SYSTEMS

R格CIRCuLAl"1ON OF H格AVY METALS

As regards the recirculation of heavy

metals to famland, the differences

between the two systems are sma11,

Since the urine mixture contains very

Sma11 amounts of heavy metals. The

estimated copper levels in the urine

mixture are based on measurements in

the Hushagen district in the town of

Borlinge, Since all the pipes in the urine

Pipe system there are of plastic, Which

Should be used for all new systems. If

instead, the simulations are based on

COPPer Seals, Which are used in the

Palstemackan estate, the flow of copper

in the urine solution should be roughly

the same as the copper flow in the 50%

Of the sludge that is applied to farm-

1and.

暮NEReY US各

Urine separating systems consume less

energy than conventional systems,

assuming that the treatment plant

ensures e餓cient nitrogen removal and

that mineral f料tilizer is used to provide

SuPPlementary nutrients. This is the

CaSe PrOVided that the urine is not

transported further than 95 km by

Sludge suction truck or 22O km by

truck and trailer. urine separation sys-

U加e can be脇卿orfed as hγ a5 220鼠mめはan短朋c居。nd物巌γ b加mne妙COnSumpわn

exceeゐJhat [所he cmひ鋤tioml 5ystem.

tems increase the consumption of

diesel and other fuels, but reduce the

COnSumPtion of electricity in sewage

treatment plants and of energy fbr the

PrOduction of mineral fertilizer.

Figure 19 shows that most urine

transports by tank truck consume less

energy than the total amount of energy

COnSumed by conventional wastewater

treatment systems and the manufacture

and application of mineral fertilizer

With a corresponding nutrient value as

that of the urine spread.

F砂7t? J9.功e dis敵nces Jhe urfroe m涼tuγ扉高m卿0解d and Jhe me青hod qf脇呼omめn deteγ-

mine Jo書al ene7gy uS函.e・ 7'et CASe qf elec孤rol ene妙佃わ。ric毎y t‘Se mimS Clect胸fy gme融ody,

Oil and mel秘方γ the pγOducめo and distγib融on qf mine朋陸融zer

DEC看§1ON CulDANC格DÅRA

FOR TH格FUTURE

The results of simulations are not

absolute certainties. They indicate

trends and approximate magnitudes. It

is therefore interesting to note that sev-

eral other studies have indicated similar

trends.

AIthough urine separation reduces

the environmental impact and

improves resource management, this

does not necessarily mean that we

Should immediately convert all existing

SeWage treatment Plants. A number of

other factors must be considered before

any action is taken to modify our

SeWage treatment SyStemS.

Examples of such factors are eco-

nomic parameters, legal and organiza-

tional aspects and of course the status

Of the existing system and when major

new investment will be necessary.

Nevertheless, the results of system-

atic environmental analyses such as

those carried out within the framework

Of these and other projects give us

much better guidance data than were

PreViously available for discussions

about the design of the wastewater

treatment systems of the future.
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QUESTIONS AND ANSWERS
ABOUT URINE SEPARA丁ION

回γ Woy Of a summa「y o白he repo巾a

number of l「equen‘Iy asked ques’ions

Oboul urine sepa調書ion are answe「ed in

lhisくhapteM These appear unde「 〃he

heodings: 1nfec'ion risks and sani〃ary

`Ondilions′ EれYironmen'al impo`‘ and

resour`e man〇gemenl, Ond Techni`ol,

Soくi○○ and economi` aSpe`tS.

Do各S URINE SEpARATION

INVOIV格ANY HYe1格NIC則SK§?

Since most pathogens occur in the fae-

cal fraction, Which is treated in the nor-

mal way, there is no appreciable differ-

ence between the risks associated with

a urine separation system compared

With a conventional system. If the

workers who handle the urine are care_

ful and the recommendations for stor_

age and risk minimization are followed,

We COnSider the hygienic risks of urine

SeParation to be negligible. When it

COmeS tO hygienic risks, it should, how-

evel be pointed out that nothing is

COmPletely risk五ee.

HowしONc DO THI: BÅCT格RIA

AND VIRUSES IN U則NE §URVIV寡?

Bacteria, Viruses and other pathogenic

microorganisms may be present in the

urine if faeces get into the wrong toilet

bowl. Many pathogens are killed when

the urine is stored. The time it takes

depends on the original quantity of

Pathogens and on storage conditions.

Pathogens die more quickly in higher

temperatures, higher pH levels and a

more concentrated urine mixture. Most

bacteria die quickly (within a few

days), While the number of viruses does

not diminish at a11 at lower tempera-

tures ,

Do MEDICiN寡RE§IDUE§

REPRE§ENT A RISl( IN HUMAN URIN各?

The presence of medicine residues, for

example antibiotics and hormonal sub-

StanCeS, is an important issue which

affects all types of wastewater systems

and organic fertilizers. Medicine

residues may be present in urine, fae-

CeS′ animal manure and the sludge pro-

duced by sewage treatment works.

Almost all substances that occur in

medicines are degraded by the microor-

ganisms that are naturally present in

the soil and absorption by the plants is

PrObably negligible.

The risk when these substances are

being released into the water environ-

ment, Which occurs in the convention-

al sewage treatment works, is probably

greater. There is insufficient under-

Standing of this field and more research

is needed. In our vievy medicine

residues are not an obstacle to the

introduction of urine separation sys-

tems.

WHAJ E寡幡CT DOE§ SOURC格-

SERARA鵬D HU肌N URINE HAVE ON

NUTRIENT格MISSIONS?

When a urine separation system is

established, nitrogen emissions into

Water are reduced by about 60% irre-

SPeCtive of the type of treatment. As

regards phosphorus, the reduction

depends on the type of treatment of

the wastewater as a whole. Where the

treatment plant ensures e蹄cient phos-

phorus removal, the reduction in emis-

Sions is small, but if the plant cannot

remove any phosphorus at all the

reduction may be almost 5O%.

How MuCH WAT格R DOE§

uRIN各§各RARAIION §AV格?

The determining factors for the

amount of water saved by a urine sepa-

ration system are the amount of water

used for flushing the urine and the fae-

CeS, reSPeCtively, how often the toilet is

flushed and how toilet paper is dealt

with after use,

Since the two bowIs are flushed sep-

arately in Dubbletten toilets, any tOilet

PaPer uSed after urination must either

be flushed down with the faeces, Placed

in the rear bowl, Which is flushed as the

need arises, Or COllected in a waste bas-

ket beside the toilet. Therefore, the

amount of water saved may vary

between 5-40 1itres per person per day

depending on individual habits and the

toilet with which the comparison is

made.

Since the amount of water saved

depends on how the toilet is used, the

users’motivation and understanding is

crucial.

How MUCH PしANT NuTRIENT i§

R話CIRCUリ晴ED TO l:ÅRMリ¥ND WH格N Å

URIN寡§格RARATioN SYSTEM IS US格D?

Assuming that residents spend an aver-

age about 15 hours at home every day,

about l.6 kg of nitrogen and O.2 kg of

Phosphorus is recirculated per person

Per year. In the case of highly motivat-

ed residents, this may increase to as

much as 2-2.5 kg of nitrogen and O.25

kg of phosphorus per person per year"

By way of comparison it may be men-

tioned that the amount of fertilizer

needed for one hectare under cereals is

about 9O kg of nitrogen, Which corre-

SPOnds to the urine collected from

about 50 people in one year.

How DOE§格NERcY CONSUM叩oN IN A

u則NE §格RARJ町ION §YSTEM COM回A髄WITH

THÅ事IN A CONV各NTIONAし§Y§T暮M?

There is no simple answer to this ques-

tion, Since conventional systems vary

greatly in terms of energy consump-

tion. Generally speaking, in an e触cient

urine separation system located less

than lOO km from the land where the

fertilizer is used, the fertilizer value of
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SUMMARY OF ADVICE
AND RECOMMENDATIONS

The re{Ommendations generated by 'he

R&D proiecIs a「e primarily a盲med al

富hree巾rge〃 groups wi‘h keγ roles in lhe

planning′ `OnS’ru`’ion and opera‘ion of

Urine sepa〇〇lion sysiems:

- It is important to contact the munici-

Pal environmental health and public

WOrks departments at an early stage in

Order to facilitate the plaming of the

SyStemS.

- Contact farmers and farmers, organi-

Zations etc. at an early stage of plaming

in order to conclude long-term agree-

ments to ensure that the urine will be

disposed of

- Assume that organizing the recircula-

tion ofurine to farmland will cost a cer_

tain amount of money

- Residents must be properly informed

about the functioning of their toilets

and the system as a whole and why the

urine separation system was chosen.

This has a signi宜cant impact on the

amount of urine that is actua11y sepa-

rated and the amount of water saved.

- Ecolabelled cleaning products are rec-

Ommended, and it is important not to

use any chemicals in the toilet. In order

to save water) tOilet paper that is used

after urination should be placed in a

waste basket or in the rear bowI of the

toilet for subsequent flushing.

一Most of the stoppages that occur in

the toilet seals are easy to clear, and the

harder stoppages can be dissoIved with

the help of a concentrated caustic soda

solution.

- We do not yet fully understand the

long-term efitcts of the formation of

Sludge in pipe systems, but studies indi-

Cate that any future problems will not

be significant. It is difficult to avoid the

formation of sludge, but this should not

CauSe a PrOblem ifthe inclination ofthe

SamPling of the nutrient content.

Where this is not feasible, it is recom-

mended that a sample be taken from

the middle of the urine mixture.

- The infection risks associated with the

handling of the urine mixture are due

mainly to faecal contamination.

Analyses of the traditional indicator

bacteria (coliforms, E. coli, enterOCOC-

CuS and cIostridia) camot be used to

Pipe system is at least l% and the diam-

eters of the pipes at least 75 mm (or

even better =O mm) in the case ofhor-

izontal pipes’1eaving plenty of scope

for inspection and flushing.

- The municipality has a key role in

COOrdinating housing companies, farm-

ers and other parties concemed, for

example for the conclusion of long-

term agreements between housing

managers/households and farms.

Expertise is c血en available in public

WOrks departments about systems for

the handling of organic residues.

- The contents of a urine tank should be

Stirred in order to allow representative

measure the hygienic quality of the

urine mixture. The bacterial growth in

the sludge that fbrms in the pipes

increases the content of enterococci, in

Particular, in the urine solution, and as

a result the bacteria do not reflect the

true faecal fraction.

- The environmental benefits of urine

SeParation systems in housing depend

mainly on the standard of the rest of

the wastewater treatment system, the

PerCentage Of urine separated and the

amount of time spent at home by resi-

dents. In any case, discharges of both

nitrogen and phosphorus are reduced

by a urine separation system. The nitro-

gen lost in connection with the collec-

tion, tranSPOrtation and storage of urine

Can’With proper insta11ation, be kept to

a minimum (<1%),
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WHAT MORE DO WE NEED TO KNOW?

丁he urine sepa「a'ion systems 'hat have

been ins軸iled fun`lion quile weIi, bul

lhere is a need for a s†e〇dy inく「eaSe in

I'he numbe細of installa'ions of new sys"

lems in housing estates and thorough

monil○○ing and evalua青ion. N0 large-

S`aIe R&D proie`Is relating lo urine sepa・

「〇lion syslems are unde事way in Sweden

lodoyl Resea細くh is′ however, being done

on m州ers reialed lo u「ine separo‘ion,

Su`h as me〇Sureme巾S Of ho「mone"dis。

Iurbing subslonくeS in various f叩くlions of

W〇Slew〇Ier; eXperimenls wilh le`h-

niques for `OnCen‘ro'ing urine et`●

§ome areas lho=he proie`l pqrtiくi-

p〇nIsくonSidered of p〇rti`Ular i巾e細es† for

fuIure sludy are men’ioned beIow They

inくIude bolh pu「e researくh ond issues of

a so`ial and poIiliく〇i軸†ure.

HuMAN URINE IN ORCANIC RARMINc

There is nowadays a demand among

Organic farmers for quick-aCting fertil-

izers such as human urine. However,

EU rules prohibit the use of human

urine in organic farming. If these rules

Were Changed, this would help to soIve

the problem of disposing of the urine

and possibly also improve the econom-

ic incentives for recirculating it in agri-

Culture. we regard this as a priority

issue′ although essentially a political

HYGi暮NlくりSKS

The hygienic risks associated with the

management chain proposed in this

report - Careful source separation, SeP-

arate holding and storage - have been

thoroughly investigated, but further

Study ofthe survival of parasites may be

neCeSS ary.

As regards assessments of the infec-

tion risks in developing countries, addi-

tional studies will be needed of

microorganisms that are typical of such

environments" Pathogens are probably

killed much faster in warm climates,

but no studies have been made in this

area and further research is necessary"

THE PR格SENCE OF

M格DiCINE RESiDUES IN URIN格

A preliminary study published by the

Swedish Environmental Protection

Agency (1996〕 indicates that medica-

tion does not represent a significant

environmental risk in connection with

the use of urine as a fertilizer.

The present projects did not include

any studies of medicine residues.

Additional research in this area should

focus on the concentrations of active

substances and their metabolites in

excreted urine and their degradation in

soil.

Comparisons should be made with

the situation as regards wastewater,

Sludge and manure, and they should

include the degradation of synthetic

antibiotics. These are probably some of

the most important elements of the

research that is needed in order to

Obtain EU approval for the use of

human urine in organic farming.

[i話しD丁RIAしS

Depending on local conditions and

demand, Various crops might be consid-

ered for fertilization with human urine,

and it is therefore worthwhile conduct_

ing field trials. The relatively high con-

tent of chlorides in urine makes it nec_

essary to carry out field trials for di任む-

ent crops.

SANITARY ENciNEERINc

AND DIMEN§iON §p書CIFICAu獲ONS

Preliminary recommendations on the

dimensions and design of pipes and

tanks in urine separation systems are

PreSented in this report on the basis of

Observations and measurements in sys-

tems that are two to three years old.

The functioning of both existing and

new systems must continue to be mon-

itored in order to acquire the necessary

experience and, Where necessary, tO

Change or supplement the recommen-

dations. There is particular uncertainty

about the diameters required for hori-

ZOntal pipes with an inclination of at

least l%. Howeve喜feedback of experi-

ence is necessary throughout the sys-

According to some reportfy the pipe

Seals in urine systems become brittle,

which makes it difficult to seal the

Pipes properly in comection with

repairs. This suggests that the ageing

PrOPerties of pipes, gaSket material and

tank materials need to be studied.
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TECHNICAL TERMS AND ADDRESSES

Bioiogi`aI Oxygen Dem〇nd, O meaSUre

Of lhe amou巾o書oxygen"`OnSUming

subs青anくeS in waslewoteh

CommerciaI ferliIize扉.e. induslrialIy

produくed fe巾描ze購

Mi`roOrganisms lhatくan `aUSe disease.

A group of mi`ro○rgqnisms, SOme Of

whi`h couse infe`lions in humans.

Ba`terio wilh speeiaI prope巾ies

lhal en〇bie lhem lo survive exI.reme

くondiIions.

Ba`teri回書ho青are measured for 'he pur・

pose of assessing lhe hygieni` quaIity of

Waler le・g. E. `OIi and `O看iforms).

idenliくOI wilh lhe stor〇ge Pe細iod′ i.e. 1he

minimum period Ih回l mus青elapse beIween

書e巾iliェalion and ha「vesl.

The pa巾Of I.he horves=haI.くOnSisIs of

9細田ihS.

BorIey) O01s, Wheal, rye Ond Iri怖uIe (rye-

Whe回書).

鴫xi` f○○ pi〇れ青s.

Swedish insli青Uie for In[eくIious Disease
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Coroline Hるglund

NobeIs viig 18, 171 82 SoIna

Phone: O8-457 23 OO

E"moiI: `aroIine.hoglund@smi.ki.se

wM"S mi.ki.se

Deparlme巾Of AgriくUltusal [ngineering′

Swedish university of Agricultu帽1 S`iences

H色kan J6nsson
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