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Medium and high strength
Low strength grey water grey Wal%‘l’ &
Storage and pre-treatment Storage and pre-treatment
(sedimentation, screening) (sedimentation, screening)
Chemical treatment Biological treatment (acrobic), Membrane bioreactor
(coagulation, ion exchange, (RBC. SBR, CW) (MBR)
elc.) ! !
Membrane Sand Sand Membrane
filtration filtration filtration filtration

y y

Restricted non-potable urban
reuses

y

Disinfection
(UV, chlorine)

y

Reclaimed grey water for unrestricted non-potable urban reuses

1 "&by AL > : : "'>sh , A B-BVE 1 h>h 1t oh

(¢ " ! Lieval., 2009).
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Trust

Acceptability Function [AF] Model

G1) How would you rate trust towards water management organisations in your area?

Emotion

v

Fairness

v

-1 ] +1
| Mome | Neutral Full
Enter a ualue:
32] How strong are Feelings towards water issues in your area?
-1 ] +1
Weal Meutral | Stromg |

Subjective
Norm

v

Enter a value:

33) How fair do you think imposed use of GREYWATER BEUSE would be in your area?

-1 0 +1
| Unfair | Wentral Fair

Enter a value:

34)] How much pressurefnecessity is there for using GREYWATER BEUSE in your area®

-1

Hone

] +1
Heutral | A lot

Enter a value:

| AF components | System Risk 0534
Health Risk 0568 AF
Trust 0.254
Emation 0124
Fairness 0.024
Subjective Marm 0.05
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Benefits Costs
Individual consumer:
+ Money saving + Network separation
Water bill Collection: grey, black
Sewage bill Supply: potable, treated greywater
+ Greywater treatment system
Capital costs
Operation and maintenance costs
Monitoring costs
+ Treated greywater conveyance
Energy
General public:
+  Water resources
Development of new resources can be postponed
+  Water abstraction
Less energy
+  Water treatment
Less energy
Fewer chemicals
Existing plants: enlargement can be postponed
Future plants: smaller
+ Water convevance and distribution
Less energy
Existing systems: enlargement can be postponed
New systems: smaller
+ Wastewater collection + Wastewater collection
Less energy (force mains) Lower flows, more blockages?
Existing systems: enlargement can be postponed
New systems: smaller
+ Wastewater treatment plants (WWTP) + Wastewater treatment plants
Lower pollutants loads (degradable pollutants) Higher pollutants concentration (less dilution)
Less energy?
Fewer chemicals
Existing WWTP: enlargement can be postponed?
New WWTP: smaller?
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Spatial scale Measured parameter Units Symbol

Umt block Number of umt blocks no. block,m,
Average umt block occupancy persons oce
Average block size m? block, ..
Average garden area m? garden_ .,
Average roof area m’ roof,.,
Average paved area m? paved,g,
Average % of garden irrigated % %Gl

Cluster Cluster area ha clust .,
Leakage % %L
Road area witlun the cluster ha road_.,
Cluster stormwater output flows into cluster number? number -
Cluster wastewater output flows into cluster number? number -

Public open space Public open space area within the cluster ha POS ez
% public open space irrigated % %POSI

I'lj dz2t 08 Ot S

[P ARFLR[h h>s T Rt ST A st [ Nitvhel gtal, 2080
Output Parameter Symbol Units Range
Stormwater Percentage area of store | Al % 0-100

Pervious storage 1 capacity Psl1. mm =0
Pervious storage 2 capacity Ps2. mm =0
Roof area mitial loss RIL mm =0
Effective roof area ERA % 0-100
Paved area mitial loss PIL mm =0
Effective paved area EPA % 0-100
Road area mitial loss RDIL mm =0
Effective road area ERDA % 0-100
Base flow index BI ratio 0-1
Base flow recession constant BRC ratio 0-1
Wastewater % of surface runoff as inflow %I % 0-1
Infiltration 1ndex I ratio 0-1
Infiltration store recession constant IRC ratio 0-100
Water use Garden trigger-to-irrigate TG ratio 0-1
Public open space trigger-to-irrigate POSTG ratio 0-1
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Water supply source End use
Kitchen Bathroom Laundry Toilet Garden irrigation Open space irrigation

Imported water %4 4 %4 %4 %4 %4
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Untreated greywater Id

Onsite treated greywater or wastewater I I

Groundwater %4 %4
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Neighbourhood scale stormwater Id Id Id
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Reliability 4,1818 51818 | 6,1818 | 5,1818 4,1818 51818 | 6,1818 | 5,1818
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7U0U0YaU JUUvyaU
Potable (hm3) 0,0214 0,0112 | 0,045 | 0,0088 0,0161 0,0088 | 0,0059 | 0,0057
maxRunoff (m3/step) | 3211,4217 | 3211,4217 | 2811,4217 | 2739,4090 | 2128,7833 | 2128,7833 | 1728,7833 | 1516,9864
Meanwaste (m3/step) | 32,1767 | 12,2029 | 7,1588 | 12,2029 | 114,9886 | 49,7834 | 24,7994 | 37,2461
Energy (KWh) 311,2653_| 229,8778 | 239,1972 | 229,8778 | 289,8037 | 201,9001 | 210,0775 | 204,1395
Landuse (m"2) 2,3182 | 502,2727 | 689,7727 | 502,5455 | 2,3182 | 502,2727 | 689,7727 | 502,5455
Capcost (|MA)2369 05064 | 54715 | 18142 0,2369 05064 | 54719 | 18142
Opcost ( NA),0317 0,0398 | 0,0405 | 0,0398 0,0212 0,0286 | 0,0289 | 0,0288
Health 3,0909 48182 | 68182 | 5,1818 3,0909 48182 | 6,8182 | 5,1818
Acceptabl 4,2727 45909 | 55909 | 4,8636 4,2727 45909 | 55909 | 4,8636
Reliability 6,7273 7,7273 | 9,7273 | 8,0000 6,7273 7,7273 | 9,7273 | 8,0000
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Potable (hm3) 0,0375 0,0201 0,0104 0,0145
maxRunoff (m3/step) | 3211,4217 | 3211,4217|2811,4217 | 2739,4090
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TUU0Ya( TOUUYGU
Potable (hm3) 0,0162 0,0085 | 0,0033 | 0,0064 0,0344 0,0202_| 0,118 | 0,0125
maxRunoff (m3/step) | 3511,1999 [3511,1999|2611,1999 | 3076,7439] 2327,5000 | 2327,5000 | 1512,8750 | 1831,5602
Meanwaste (m3/step) | 24,4184 | 09,2606 | 54327 | 9,2606 | 2435193 | 108,3615 | 62,1233 | 78,6683
Energy (kWh) 236,2145_| 173,2161 | 181,8241 | 174,4508 | 742,1009 | 497,3000 | 519,8430 | 509,8537
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Apphance England & Wales Finland France Germany

Toilet 9.5 I/flush 6 1'flush 9 I'flush 9 I'flush

Washing 80 lievele 74-117 lVevele 75 lievele 72-90 lievele

machine

Dishwasher 35 leyele 25 levele 24 Veyele 27-47 levele

Shower 335 Ushower 60 I'shower 16 I'munute 30-50

I'shower
Bath 80 [/bath 150-200 I'bath 100 I'bath 120-150 I/bath
[ "A2ph _hAY>" ' >e "ot h >t e 0B tCtw Ch'hAg< D h <

(¢ ' 1 Wilis et al., 2009)

Perth (2003) Melbourne (2005) Auckland (2007) Gold Coast (2008)
Lr‘pc!d Per cent L!pc!d Per cent Upc.‘d Per cent L!pc,‘d Per cent
Clothes washer 120 13% 404 19% 399 24% 30.0 19%
Shower 51.0 15% 491 22% 449 1% 197 33%
Tap 24.0 % 270 12% 227 14% 21.0 17%
Dishwasher NA NA 27 1% 21 1% 22 1%
Bathtub NA NA 3.2 2 55 % 65 1%
Tollet fotal) 33.0 10% 304 13% 313 19% 21.1 13%
Irigation (total) 180t 54% 574 25% 139 8% 18.6 12%
Leak (total) 50 1% 159 &% 70 % 21 1%
Other NA NA 0.0 0% 08 0% 0.0 0%
Total Consumption ~ 335.0 100% 22622 100% 168.1 100% 1572 100%
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Location Greywater production Reference
(litres per person per
day)
China, ecological sanitation project 80 EcoSanRes (2005b)
Belgium 85 Bertaglial et al. (2005)
Germany 35-65 Panesar & Lange (2001)
Germany, Eco-village Flintenbreite 60 Ridderstolpe (2004)
Germany, Norway and Sweden, <100 Ridderstolpe (2004); Winblad &
new built house area, water Simpson-Hébert (2004)
conservation
Norway, ecovillage 81 Kristiansen & Skaarer (1979)
Norway, student dormitories, water 112 Jenssen (2001)
conservation
Sweden, range for ecovillages 66-110 Vinneras et al. (2006)
Sweden, proposed norm 100 Vinneras et al. (2006)
Sweden, existing norm 150 Vinneras et al. (2006)
Europe, northern part 110 Lens, Zeeman & Lettinga (2001)
Australia, western part 112 Department of Health (2002)
USA 200 Crites & Tchobanoglous (1998);
Bertaglial et al. (2005)
Developing regions 20-30 Ridderstolpe (2004); Winblad &
Simpson-Hébert (2004)
Range 70-275 Otterpohl (2002)
1'>5Y*|‘5' - h h Yos T ow _" ‘"‘51h’_""‘h,{ms/\’,lhh/\‘h’,hmz"’/\
DL T men e > ¢ h < B Y Ah  ~h " h>E’ A
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Country/refere Parameters
el BODs COD Suspended Total NH; Kjeldahl Total Faecal
(mg/l) (mg/l) solids N (mg/l) N (mg/l) P coliforms
(mg/)  (mg/) (mg/l) (log
numbers/
100 ml)
Canada / 149 366 162 11.5 17 11.3 1.4* 6.2
Brandes (1978)
Norway / 130 341 35 19 11.5 1.3 5.1
Kristiansen & (0.42%
Skaarer (1979)
USA®/ Siegrist 178 456 45 15.9 4.4 6.2
& Boyle (1981)
Sweden norm/ 187 107 6.7 4
Naturvirds- (1.0
verket (1995)
Norway*/ 116 39 422  36.1 3.97
Rasmussen,
Jenssen &
Westlie (1996)
Australia / 160 115 53 12 8 5.2
Department of
Health (2002)
Norway®/ 88 277 - 8.8 3.8 49 1.0° 4-6
Jenssen (2001)
Sweden 260° 520 13.6 5.2
proposed
norm /
Vinneras et al.
(2006)
Germany / Li 73— 8.7- 2.5 6.8~ 4-6
et al. (2004) 142 13.1 9.2
Malaysia®/ 128 212 75 37 12.6 222 24 5.8
Jenssen et al.
(2005)

BOD:;, five-day biological oxygen demand

* Excluding laundry.

® Phosphorus-free detergents.

© BODy, seven-day biological oxygen demand, for the Swedish proposed norm.
¢ Septic tank effluent.
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(log numbers/100
ml or mg/g faeces)

I‘A\Sn'>"“5‘>W/\BI _‘>WI jh‘.‘_"‘hﬁ‘_/\ 4u‘¢__/\‘_" ¢ A
(¢ ' ! Ott¥sson and Stenstrom, 2003
Wastewater origin Total coliforms Thermotolerant coliforms E. coli Faecal enterococci
Bath, hand basin 4.4 1.0-5.4
Laundry 3455 2.0-3.0 1.4-34
Shower, hand basin 2.7-7.4 2.2-3.5 1.9-3.4
Greywater 7.9 5.8 24
Shower, bath 1.8-3.9 0-3.7 0-4.8
Laundry, wash 1.9-5.9 1.0-4.2 1.5-3.9
Laundry, rinse 2.3-5.2 0-5.4 0-6.1
Greywater 7.2-8.8
Hand basin, kitchen sink 5.0 4.6
Greywater 5.2-7.0 3.2-5.1
Greywater, 79% shower 7.4 4.3-6.9
Kitchen sink 7.6 7.4 7.7
Greywater 5.8 54 4.6
J"A(\6l"“" we ¢ B ‘h“’J-{"/\rsh’J_h""BJQ"“’ /\B”‘VB_Z’ y“"/b_rsh"h
7 ¢ he ST [T LWHO, 2008 w o L o}
Exposure Health-related modelling Volume
units involved ingested
1) Drinking recharged groundwater Dilution,” unsaturated zone® Y05 m1/day®
(yearly risk from 365 exposures) and saturated zone
2) Accidental ingestion of treated Pond 1 ml/exposure
greywater (one-time exposure)
3) Ingestion from a field irrigated Survival on grass 1 ml/exposure
with treated greywater (yearly risk
from 26 exposures)
4) Ingestion/inhalation of aerosols Tank e 2£22) mied
5) Swimming in recreational water Dilution 9203 oy
receiving treated greywater
6) Untreated greywater, Salmonella Sink trap (growth)® 0.1g
regrowth
* Asano et al. (1992).
b Roseberry & Burmaster (1992).
¢ Dowd etal. (2000).
4 Kincaid, Solomon & Oliphant (1996).
¢ Ottoson & Stenstrém (2003b).
I‘A@?r""h/\_{rs' 45"1‘_5 B w A h N ‘_'>h ¢ AB T Y ¢ ht
>w* ' “h"Y ., " cnXdgp < _(h1IWHG2006)." > hah ' >wh
Organism/biomarker Mean Min Max Excretion density  Mean faecal load (min—

max) (g/person per day)

Coliform bacteria 8.1
E. coli 6.0
Enterococci 4.4
Sulfite-reducing anaerobes 3.3
Somatic coliphages 33
Coprostanol (ug/1) 8.6
Cholesterol {ug/l) 17.3

55 87
43 68 10™ 65 (1.3-410)
3.0 5.1 105 5.2 (0.2-26)
23 48

1.4 4.0

31 149 12.74° 0.04 (0.016-0.076)
74 316 5.08" 0.22 (0.094-0.40)

Min = minimum; max = maximum
* Geldreich (1978).
b Leeming, Nichols & Ashbolt (1998).
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Organism Indicators in Excretion rate (per Faecal load (g per
greywater gram of faeces) person per day)

E. coli 10%* cfu 107 cfu 65

Faecal enterococci 1072 cfu 10%* cfu 5.4

Coprostanol 0.56 mg 12.74 mg 0.04

Source: Ottosson & Stenstrom (2003a).

[UAOQ[ T _h h T Y At st CRTTT A>T E T A s
s SN C e 1 WBIO, 2008

Microorganism Decay rate Matrix Temperature  Method Reference
(log/day) (°C)
Bacteria
Salmonella —0.048 £ 0.0092 Greywater 4 Culture Ottosson &
typhimurium ~0.12+0.0011 sediment 20 Stenstrém
(2003b)
-0.36 Greywater ambient Nolde (1999)
Campylobacter —1.30%0.16 River water 25 Culture Thomas, Hill
Jejuni —0.11 + <0.01 with 15 & Mabey
sediment (1999)
—-0.02 £+ <0.01 5
Enterococci —0.032£0.016 Greywater 4 ISO 7899-2 Ottosson &
(bacterial sediment Stenstrom
indicator) ~0.078 + 0.038 20 (2003b)
Viruses
Rotavirus -0.016£0.010 Liquid waste  12-17 Cell culture Pesaro, Sorg
& Metzler
(1995)
~0.119 +0.00835"  Grass 4-16 Badawy,
Rose &
Gerba (1990)
®X174 —0.018 £ 0.0048 Sediment 4 ISO 10705- Ottosson &
bacteriophage  _ 11 1 0.031 20 2 Stenstrém
(viral indicator) (2003b)
MS2 =0.021 £ 0.0069 Sediment 4-20 ISO 10705- Ottosson &
bacteriophage 1 Stenstrom
(viral indicator) (2003b)
—0.029 £ 0.024 Groundwater 4 Plaque Yates, Gerba
assay & Kelley
(1985)
Parasites
Cryptosporidium —0.006 £ 0.031 River water 15 Excystation Medema,
parvum ~0.010 + 0.032 5 Bahar &
oocysts Schets (1997)
=0.011 £ 0.008 15 Dye
~0.010+0.016 5 exclusion
Giardia -0.042 Water 25 Dye Romig
intestinalis exclusion (1990)
cysts
Spores of =0.00045 £ 0.0027  Sediment 4-20 ISO 6461/2 Ottosson &
sulfite-reducing Stenstrom
anaerobes (2003b)
gp:ras:le) —0.027 £ 0.0043 River water 15 Culture Medema,
indicator
~0.012 +0.0031 5 Bahar &
Schets (1997)

* Values other than for greywater were used as reference values.
® Per hour.
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Organism Survival on crops (days)

Viruses

Enteroviruses® <60 but usually <15

Bacteria

Thermotolerant coliforms <30 but usually <15

Salmonella spp. <30 but usually <15

Shigella spp. <10 but usually <5

Vibrio cholerae <5 but usually <2

Protozoan cysts

Entamoeba histolytica cysts <10 but usually <2
Cryptosporidium oocysts <3 but usually <2
Helminths

Ascaris eggs <60 but usually <30
Tapeworm eggs <60 but usually <30

2 Poliovirus, echovirus and coxsackievirus.
Sources: Feachem et al. (1983); Strauss (1985); Robertson, Campbell & Smith (1992); Jenkins et al.
(2002); Warnes & Keevil (2003).

I‘A(\llrl¢_‘>_>rs/\‘ "2 ¢ ht B AL Y h >80 >80,
< T3 s s [¥ANWHO,2008 P, 0
Microorganism Survival at 20-30 °C Time needed for 90% Absolute max"/
(days)" inactivation of pathogen (To) normal max
at ~20 °C (days)” survival in soil®
Faeces and Soil” Faeces® Soil*
sludgeb
Bacteria | year /2 months
Thermotolerant <90, <70, usually  E. coli: 15—  E. coli: 15-70
coliforms usually <20 35
<50
Salmonella <60, <70, usually 10-50 15-35
usually <20
<30
Viruses <100, <100, usually rotavirus: 20— rotavirus: 5-30 1 year /3 months
: 2
us<u:(l)ly = i hepatitis A: 10—
- hepatitis A: 50
20-50
Protozoa <30, <20, usually  Giardia: 5~  Giardia: 5-20 ?/ 2 months
(Entamoeba) usually <10° 50
<15" Crypto-
Crypto- sporidium: 30—
sporidium: 400
20-120
Helminths (eggs) Several Several Ascaris: 50— Ascaris: 15— 7 years / 2 years
months months 200 100

?2, unknown; max, maximum

* Estimated survival times and decimal reduction values of pathogens during storage of faeces and in
soil; presented in days if not stated otherwise.

" Feachem et al. (1983).

Schénning et al. (in press).

Absolute maximum for survival is possible under unusual circumstances, such as at constantly low

temperatures or under well protected conditions (Feachem et al., 1983).

¢ Kowal (1985).

Data are missing for Giardia and Cryptosporidium; their cysts and oocysts might survive longer than

presented here for protozoa (Feachem et al., 1983).
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Calculation of the yearly consumption of household products per person

RJ "1 EviRgsdmet al., 2001

Chemical product Country Yearly consumption Yearly consumption per person
(10° kg) (kg person™ year™)

Household and industrial detergents Denmark 105% 19.8

Household detergents Sweden 44 0.5

Laundry detergents Denmark 4r 1.5

Laundry detergents Finland 27 52

Laundry detergents Norway 23 52

Laundry detergents Sweden 49 5.5

Laundry detergents USA 10004 3.7

Shampoo and conditioners Denmark 12 23

Shampoo Sweden 810" 0.9-1.1

Soap Sweden b 0.9

Softeners Europe - 6.00

J A3 >has L >t 0 A BALT s AT W' ' ¢hAaA B
( ' ' Erikéson et al., 2001).

Table 2

Groups of compounds found in common household chemicals in

Denmark

Compound group

Number of substances

in the group

Amphoteric detergents
Anionic detergents
Cationic detergents
Non-ionic detergents
Bleaches

Dyes

Emulsifiers

Enzymes

Fragrances and flavours
Preservatives

Softeners

Solvents

UV filters
Miscellaneous

20
73
34
65
16
26
28
4
197
79
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Compoumd group Compound Priority Compound group Compound Priority
Amphoteric detergents  Cocamidopropyl betaine 2 Dyes 3.3-Dichlorobenzidine 1
Alkylamide betaines 3 4.4'-Methylenebis- 2
Alkylamidopropyl betaines 3 (2-chlorobenzenamine)
Alkyl belnines 3 e-Aminoazotoluene 2
Amidopropyl betaines 3 Benzidine 3
Amphoglycinates 3 o-Anisidine 3
Lauriminodipropi onates 3
Laurcamphodiacetates 3 Fragrances and Hexyl cinnamic aldehyde 1
flavours AHTHN 2
Anionic detergents J-Methyleﬁr.em ulphonate 2 HHCE 2
a-Olefinsulphonate 2 Styrene 2
Alkyl benzene sulphonates 2 Bernzene-l,}dml 3
Sulphonates 2 Cresol 3
Alkane sulphonates 3
Alkyl ether sulphates 3 Preservatives Bronopol 1
Alkyl sulphates 3 Bronidox 1
Alkyl sulphosuccinates 3 5Chloro-2-methyl-4- 1
Esotridecanol ethoxylates 3 isothiazolin-3-one
Panthenol 3 Imidazolidinyl urea 1
Cationic detergents Benzalk onium chloride 1 Tnclma.n - :
N-Hexadecyl trimethy] 1 Quaternium-15 :
ammonium chloride Softeners Bis-{ 2-ethylhexyl)phthalate 1
DHTDMAC 1 (DEPH)
DSEDMAC 1 Diisononylphthalate (DNP) 1
DTDMAC 2 Ethylenediaminetetramethyl- 1
Alk sl rimethylammonium 3 ene phosphonate (EDTMP)
chloride Phosphonates 1
DADMAC 3 Dibutylphthalate (DBEFP) 2
Diethylphthalate (DEP) 3
Non-ionic deterpents Alkvlphenol ethoxylates | Nitrilotriacetic acid (NTA) 3
(APED)
Nonyl phenol (NPE) 1 Solvents Heptane 1
Alcohol ethoxylates (AEQ)} 2 1,2 4-Trichlorobenzene 2
Alkyl amide ethoxylates 2 Diethanolamine 3
Alkyl amine ethoxylates 2 Ethanolamine 3
Fatty aleohols {EQ/PO) 2 Isopropanol 3
polymers Phenol 3
Fatty aleohol ethoxylates 2 Xylene 3
?jﬁi}m diethanolami de 3 Misc. 2-Propene nitrile 3
Ethylens glyeol 3 Priority 1@ Not biodegradable, potentally  bioaccurmulative;

BCF = 100, log Ko > 3, EC/LCy < 1 mg 17" and N; R30/33. Pri-
ority 2: Biodegradable, potentially bicaccumulative; BCF = 100, log
Kow = 3, EC/LCsw < | mg 17" and N; R50/53, Priority 3: Biodegrad-
able, not potentially bioaccumulative: BCF < 100, log K, < 3,
EC/LCw = 1 mg 1™ and N; RSO,
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Control measure’ Pathogen Notes

reduction
(log units)

Excreta storage without fresh 6 The required pathogen reduction to be achieved by

additions excreta treatment refers to the stated storage times
and conditions in Tables 4.4-4.6 (below) without
addition of fresh untreated excreta (faeces and
urine) as based on measurements and risk
calculations. Pathogen reductions for different
treatment options are presented in chapter 5, and
examples of risk calculations in chapter 3.

Greywater treatment 1—=>4 Values relate to the treatment options described in
chapter 5. Generally, the highest exposure
reduction is related to subsurface irrigation.

Localized (drip) irrigation with 2-4 Crops, where the harvested parts are not in contact

urine (high-growing crops) with the soil.

Materials directly worked into 1 Should be done at the time when faeces or urine is

the soil applied as a fertilizer.

Pathogen die-off (withholding 4->6 A die-off of 0.5-2 log units per day is cited for

time one month) wastewater irrigation. The reduction values cited
here are more conservative to account for a slower
die-off of a fraction of the remaining organisms.
The log unit reduction achieved depends on
climate (temperature, sunlight intensity, humidity),
time, crop type and other factors.

Produce washing with 1 Washing salad crops, vegetables and fruit with

water clean water.

Produce disinfection 2 Washing salad crops, vegetables and fruit with a
weak disinfectant solution and rinsing with clean
water.

Produce peeling 2 Fruits, root crops.

Produce cooking 67 Immersion in boiling or close-to-boiling water

until the food is cooked ensures pathogen
destruction.

Sources: Beuchat (1998); Petterson & Ashbolt (2003); NRMMC & EPHCA (2005).
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pH TSS TDS  Turbidity BOD; Detergent TN NHs-N TP Dissolved Residual Cl (mg/1) Total Faecal Reuse application

(mg/1) (mg/1) (NTU) (mg/1) (anionic) (mg/1) (mg/1) (mg/l) O (mg/1) wliform  coliform
(mg/1)
Nolde, 1999, - = = - 5 mg/l = - - =50 - <100/ml <10/ml Toilet flushing
Germany (BOD;)
Ernstetal, 6-9 - <1500 <5 =10 1 - =10 - =1 mg/1 after 30 min. - <3/100ml  Toilet flushing
2006, China =0.2 mg/l at point of use
6-9 - <1000 <20 <20 1 = <20 = =1 =1 mg/] after 30 min. - <3/100 ml  Irrigation purpose
>0.2 mg/l at point of use
6-9 - =1000 =5 =6 0.5 - =10 - - =1 mg/1 after 30 min. - =3/100 ml  ‘Washing purpose
=0.2 mg/1 at point of use
6-9 - - - <6 05 15 <5 <05 =15 - - <10000/ Restricted
100 ml impoundments
and lakes
6-9 - - <5 <6 0.5 15 <5 <05 =2 - - <500/100 ml Unrestricted
impoundments
and lakes
Asano, 2007, 6-9 - - <2 10 - - - - - 1 mg/l - ND /100 ml Unrestricted
UISA reuses *
6-9 30 - 30 - - - - - 1 mg/l - <200 / Restriced
100 ml reuses **
Maeda etal, 58- - - Not =20 - - - - - Retained =1000/ml - Toilet flushing
1996, Japan 8.6 unpleasant
58- - = Not <20 - = = - - =04 <50/ ml = Landscape
86 unpleasant irrigation
58- - - =10 =10 - - - - - - =1000/ml - Environmental
BE (aesthetic settling)
58- - - =5 =3 - - - - - - =50/ ml - Environmental
86 (limited public
contad)
Australia, - 30 - - =100/
Queensland 100 ml
(2003)

ND: non-detectable *Toilet flushing, landscape irrigation, car washing and agricultural irrigation.
*rrigation of areas where public access is infrequent and controlled golf courses, cemeteries, residential, greenbelt,

JUMIT] T U8 AT SE AN SUAT R L ET ST UL A T h AR L T s s
¢ ' 1 Lietal, 2009)

Categories Treatments goals Applications
Recreational Unrestricted reuses BODs: =10 mg/1 Omamental fountains; recreational impoundments, lakes and ponds for swimming
impoundments, TN: =10 mg/l
lakes TP: =0.05 mg/1
Turbidity: =2 NTU
pH: 6-9

Faecal coliform: <10/ml
Total coliforms =100/ml
Restricted reuses BODs: =30 mg/1 Lakes and ponds for recreational without body contact
TN: =1.0 mg/l
TP: =0.05 mg/1

Faecal coliforms <10/ml
Total coliforms =100/ ml

Urban reuses and Unrestricted reuses BODs: <10 mg/1 Toilet fAlushing: laundry; air conditioning. process water; landscape irrigation; fire protection;
agricultural Turbidity: =2 NTU construction; surface irrigation of food crops and vegetables (consumed uncooked) and street
irfgation pH: 6-9 washing

Faecal coliform: <10 / ml
Total coliforms =100/ ml
Residual chlorine: =1 mg/1

Restricted reuses BODs: =30 mg/1 Landscape irrigation, where public access is infrequent and controlled; subsurface irfgation of
Deterge t (anionic): <1 mg/] non-food crops and food crops and vegetables (consumed after processing)
TSS: =30 mg/1
pH: 6-9

Faecal coliforms <10/ml
Total coliforms = 100/ml
Residual chlorine: <1 mg/1
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(J ' ! Paikes etal., 2010)

System component Notes Frequency”

Filters, membranes, Check the condition of the filter(s) etc and clean or Annually
biclogical support media replace, if necessary
and strainers

Biocide, disinfectant or Check that any dispensing unit is operating Monthly

other consumable appropriately; replenish the chemical supply if

chemical needed

UV lamps (where fitted) Clean and replace, if necessary Every 6
months

Storage tank/cisterns Check that there are no leaks, that there has been  Annually

no build up of debris and that all tanks and cistems
are stable and the covers are correctly fitted

Storage tank/cisterns Drain down and clean the tanks and cisterns Every 10 years
Pumps and pump Check that there are no leaks and that there has ~ Annually
controls been no corrosion; carry out a test run; check the
gas charge within any expansion vessels or shock
arrestors
Back-up water supply Check that the back-up supply is functioning Annually
correctly and that the air gaps are maintained
Control unit Check that the unit is operating appropriately, Annually
including the alarm functions where applicable
Water level gauge (if Check that any gauge indication responds correctly Annually
fitted) to the water level in the supply tank or cistern
Wiring Visually check that the wiring is electrically safe Annually
Pipework Check that there are: no leaks, the pipes are Annually

watertight and any overflows are clear. This
includes the collected and treated greywater
supplies, any backwash supply and the back-up
water supply.

Markings Check that warming notices and pipework and Annually
valve identification are correct, visible and in place

Supports and fixings Adjust and tighten, where applicable Annually

Backwash Check functionality Annually

* These frequencies are recommended if no information is given by the manufacturer.

~ 247 ~






oo

Url 0z s

i my At uve

r' ¢ h
-7 Y ¢ h
¢ h v
("IAI
i. dQuw
ho-
i. "
T o
ii. 4w
ho-
¢ h
lw
¢ h
Yh AT A
>w * h
- LD
ne %
9 ' h
B Ah?
h g Yh
. A
B - ' B
¢ h Vo
o Y h
AT T
!lllAh
YB AW
' 'Ssw ~ h
10 i’
L hA
HANMZ
. Aoy

L &1 1 ¢+t dya

L R MAYZ SPMABSAYL 2

Kor o Akzm €

~ 249 ~

LAy zsw ellsur B tzlz1Az1 B 8Z11 M0
AT AT S W B L CR AT s Y Ch _h*¢s w h - K <"
S L Tawy Y ¥ T Tty > A8 " > 1
C“” _h‘ _'/\ ''S>w ~ h _I. h"’J’h)"ch 1_'/\ ¢
wo ¢ _V'C’BI(D
<< ¥ BTty - YL ty " >sB AT 1 " h ¢ h Y ¢e 2 hy B > Aht ¥
' >‘_'/\h ¢ h T ot <" ¢h 3% '_'. > h v <" A
Y ¢ ht v SwAY LWt Yy > ¢ v - '/I\Ch “>¢’- ' h
AT ch_V'c’hy=g”y\r3'-¢@‘gh_p*r; hh_v_qs ;1 h A h
. D et A" X " > h DR " > AR L h 0~ . P B S )
""”yts_h' 1" h Ch_"’C"_' ¢ h* (.‘h_"‘CB’_h' YA '
<<” B0 LT .- v > SOyt y LSBEATY TS S T TR
VB < A c;w}\“A'c-- ¢ STt e h M 8 wo, v A Ch_h‘_C
vouo¢o v ht s S s ¢ f v L A "h"'.l h o, oo
:""" ’ ‘__ oYt B /\Ih' . * __h <"‘z_ h"‘J_'FhI“ B~ h xs _21
_h _">h_hz ‘_'JB'V' Lo T C <™ ¢ h't v ,“‘Cw
ten ¢ h _ ¥ ' ¢ > h >w “sBh’ A'hsg' "‘ LShYAYEACEC G hC_h"_"’C"‘.‘h’ h
B “<<VJ’¢" Qh_" ¢ h ¥ 1] " <«<h " B v AYTL Y, B
Shh ™' ¢ s * A_"™ ' <cg¥aterm o Ch _YUCCho
© 8 YA hTth ¢h ~Y© ¢ - O G T h -
Ch_"‘ﬁ"h ‘*”. A B Ah v, e h* C"‘
Y

Yt ¢ oh C Y A R : YA ooy v K- hi1Js<>h © ¢m
> Y T Yo |5I’ _' het™~ ‘_ SAB LN " ¢ h _ h 1 ¢ h > _ " s h h "
V‘C“C"‘“,Z " h " hc<<g' <h > B VA C,"h ¢h ¢
D3 hit ~ > ¢ h 5 ¢ h ~Y'¢>onh ¢ ALY O
¢ oh Y Fh e AT AT >R, A ¢ AT
_ ¢’ h ‘V‘ N R 1t h ! 1 h >
¢t Ot T >sw oA B -, . P N LV\V/} ’ !
/\"'C"C""’, "" w , B ° A (.‘”‘h ¢ h ¥ * ¢ > h
Ch/\"/\‘YtﬁN/\l" ¢|5h’_/\’h"¢"t5 . S(h_"‘(‘ > h “" i ow ! ¢ B
_I. h'“J’h,"IZ E - B " "Y h 0 I"’""y‘_h/\ 1
! > Y Ty h A ¢ h '5"'4"\l . B v Yo, c "
¢ w LI “h A ho h¥ 5§ bh 1 /‘\,’ [’_‘h __"’/\‘ Y1 "t heo¢n sy MT
10 @_h/\ C B A" 1t h h « <™ <' 173 T P. D >5_h/\h
¥ ' h =Y -~ ~ h _ v B S " B - ' Y C B hy ! h A



WML BUARL M

EMU?JAZIASY

[ Bl h AT B hmnI2K0. BTSS0S o[ 1Y

i UsewysUd 606 time st[FfTUagoUay o 11
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
0,00 0,00 0,00 2,60 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
0,00 0,00 0,00 1,20 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
0,00 0,00 0,00 | 27,80 ] 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
0,00 0,00 0,00 | 52,80 ] 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
0,00 0,00 0,00 3,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
0,00 0,00 0,00 3,80 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
0,00 0,00 | 20,00 | 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
0,00 0,00 | 12,50 | 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,20 0,00 0,00 0,00
0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,00 0,00 0,00 0,00 0,00
0,00 0,00 0,00 0,00 0,00 2,20 0,00 0,00 0,00 0,00 0,00 0,00
0,00 0,00 0,00 0,00 0,00 1,80 0,00 0,00 0,00 0,00 0,00 0,00
0,00 0,00 0,00 6,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
1,70 0,00 0,00 1,80 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
10,30 | 0,00 0,00 3,20 0,00 2,30 0,00 0,00 0,00 0,00 0,00 0,00
0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,20 1,30 0,00 0,00 0,00
0,00 0,00 0,00 0,00 0,00 0,00 0,00 8,00 0,00 0,00 0,00 0,00
0,00 0,00 7,50 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
0,00 0,00 4,50 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
0,00 0,00 2,20 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
0,00 0,00 | 11,00 ] 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
0,00 0,00 0,00 0,00 0,00 1,30 0,00 0,00 0,00 0,00 0,00 0,00
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
0,00 0,00 0,00 | 16,60 | 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
0,00 0,00 0,00 3,40 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,90 0,00 0,00 0,00
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
0,00 | 12,40 | 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
0,00 3,60 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 35,00
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 23,50
0,00 0,00 1,20 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,80
0,00 0,00 1,80 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
0,00 5,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
0,00 0,00 0,00 1,50 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
0,00 7,80 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
0,00 0,00 0,00 0,80 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
7,60 0,00 0,00 0,00 0,00 1,60 0,00 0,00 0,00 0,00 0,00 0,00
0,90 4,20 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
0,00 0,00 2,40 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
0,00 0,00 0,00 0,00 3,20 0,00 0,00 0,00 0,00 0,00 0,00

0,00 0,00 4,40 0,00 0,00 0,00 0,00

0,00 0,00 2,20 0,00 0,00 0,00 0,00

277,70 61,30
Fi 36 |Jyegd dieced 339 mm

~ 250 ~



VLZR)} OAt |z

1

=

>
=>

N

ylzieclohAsy hrRmuy LdCc pzutu

’““‘hy“/\_h‘z > B 1~ h ¢
AB T >ho s hTAR SRR S
AR 7 " h - w o, ¥ > B fw o Y D
¢ h B "’h“/\“’ A Y B A _
_ h N _' '>_‘h/y\h4‘h' VB"BB_\@#’Sif_eghh‘“
v -~ - L c oo AB'V,CD
' > h "" h/\h,w’s_h‘ ! .
AB T fth YA € " thg )
> h - h Ah , w B h ! ! foB
e . C_' 'hﬁ“’ll _,_V‘. > '
> B _' Bt h -y h Ah | w YA
H Potable
H Green
B Grey
17" >AB1>h

h r11 z14

>h dMH>T

> B
> RY ¥ >Ch’

K" > " ' A

- > AT
t /\II _B

Al >I q
h P

~ 251~



Us et
0

o

3y 90

o,

0
Total

soaeg U
41,81

T T T
o o o o
Yol o Yol

00

N - -
(daisydy|) uonndwnsuod Iarepn

Us et
0

o

0
Total

: I
o o o o
|19 o [Te)
— —
(da1s/dy1]) uondwnsuod Jarepn

socU3yy sl

200

Os et

j

o

soeUsyysU

Us et

)

soeU3yysU

8,87
Total

3
8

T T T 1
(@] (@] (@] o
To] o Te]

00

N — —
(da3syd/a)) uonndwnsuod Jarepn

21,67
0
Total

20,14

T T T T
o o o o
n o [Te]

00

N — i
(daisydy)) uondwnsuod Jarepn

o o
© o
® °
D
TA
°
]
o
® N
Q
- - (I
Vl L
(]
E) °© -
W ° [ 5
o g
w
o (@) o o o
S ot S el
N — —
(daisydyy)) uonndwnsuoo Jarepn
- o
o
© °
& °
)
[ad
°
j ) o
° | I
g
-
> L
0 o
L] B
o k]
() 2 =
o 8 l
w T T T T
o o o o o
o Lo o n

N — -
(daisydyy)) uondwnsuod Jarepn

TUag ol
0

32,32

23,4

3y, 90U

L]

4,11

Total

8
¢

soc¢

T T T T
o o o o
To] o Tel

00

N — —
(da1s/d/1)) uondwnsuod Jarep

HU o
© °
® o
]
~
8 o
) 8
° -
. S
> L
™
50
ow m W
2
@ &)
w T T T T
o o o o o
o Yol o Yol
N - —

(daisyd1) uondwnsuod Jarepn

~ 252 ~



Us et

i

o

zUosUa@gaGl } 5

Oset

i

o

zUoUa@gGLl } 9

0
Total

200

o o o o
n o
— —

(daysydyy)) uonndwnsuod 1arepn

0
Total

79,39

200

o o o o
Te] o Y]
- -

(daysydya)) uonndwnsuod iarepn

Us et
0

i

o

zUoUa@gGL J 5

32,57
9,23
0
Total

T T
o o o o
n o o

00

N — —
(daisyd/y)) uondwnsuod J1arepn

©w °
(@) °
) N
-—
@ °
-+ o
- (=}
(&)
o
a o
D 3 3
o q =
Fm) 5
Z T T T T
o o o o o
o 0 o Yol
N — —

(da1sydy)) uonndwnsuoo Jarepn

0

TUaag ol

87,79
°o° I °

(]
—_
- Q
. ; I
© L
)
°
D =
o -
o
o : I
—/\- T T T T
o o o o o
o [Te) o n
N — —
(da1s/d/1)) uonndwnsuoo Jarep
—
D
® °
) °
2| |
7 -
(] o
- o
o : I
(U] b=}
© L
a o
D =
o k<]
o «~ L
o 5 ]
7\ T T T T
o o o o o
o Te) o Te)
N — —

(de1sydyy)) uonndwnsuoo uarepn

35,55

34,19

TUag o L
53,60

32,32

23,4

4, 100

Total

o

zUosUa@gGL }J 9

o o o

n o

— —
(da3sydsy) uondwnsuoo Jayepn

200

20,49

TUaag ol
67,30
23,50 L

32,21
- °
T

18,53

Total

o
28,37

ZzUoUa@gGLlL }J 9

T T
o (@] o
n o

T
o
Yol
— —

(deasydyy)) uondwnsuod Jarepn

200

~ 253~



Uset

i

FoYaU

0
Total

41,81

200

0 0 0 0
0 o [Te)
— —

(da3sydsy)) uonndwnsuoo Jayepn

0
Total

79,42

EoaYaU

o o (@] o
n o n
— —

(daisyda)) uondwnsuod Jarepn

EaYaU

31,46
I 10,
Total

00

N

o o o o
n o Tl
- -

(daisydsy)) uondwnsuoo 1ayepn

200

o
Te]
—
(da1sydyy)) uonndwnsuod 1ayepn

T
o
o Te]
—

TUaaesoa Uay

EaYaU

TUaga Uay

EaYaU

o
°
Y
: I
°
°
N
-
°
o
o k<1
8
5
o o o o o
o [T9) o Yol
N — —
(daisydsy)) uonndwnsuoo Jayepn
o
o
: I
3
o
o
2
= I
g
o
o | E
i
b l
E
o o o o o
o Te] o Te]
N —

—
(daisydsy)) uondwnsuod Jarepn

g
— 3
o R
) 8
o)
(W)
® 8
2 ﬂ.,.m
~ &
2D
& 3
> =
o g
Y8
o o o o
o [To] o Te]
N — —
(daisydsy)) uondwnsuod Jayepn
8 o
- g
o g
) 3
o
(W)
& —
g
jae ] 9
P~ 3
D
® g 2
> b g
r_w =
@ d
E T T

o
n
—
(daisyd/1)) uondwnsuod Jarepn

T
o
o T2)
—

200

~ 254 ~



