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ABSTRACT 

This study focuses on the feasibility and environmental impacts of using raw 

domestic greywater from laundry and bathroom after only primary treatment, e.g. 

coarse filtration for irrigating lawns and gardens. The use of greywater for 

landscape irrigation requires careful management, especially in regions with sandy 

soils and shallow groundwater levels. There is the possibility that excessive 

nutrients and other contaminants will leach into surrounding water bodies. This has 

.been a major concern with greywater use in ecologically sensitive environments, 

such as on the Swan Coastal Plain of Perth, Western Australia. Proper 

management is essential to ensure environmental risks from greywater irrigation 

are avoided. 

The main purpose of the first stage of the study was to develop a new zero-tension 

lysimeter (ZTL) as a leachate sampler in a greywater irrigation plot. The new ZTLs 

were tested to compare the quantity and quality of leachate collected with that from 

the conventional pan lysimeter, in a pilot-scale study. The results indicate that the 

new lysimeter designated as ZTL (NI), was effective at collecting leachate and 

was suitable to install at household sites. The lysimeter ZTL (NI) design offers 

significantly improved performance, was cost-effective and required limited effort to 

install using an auger, which also minimizes soil disturbance. Since the lysimeter 

was practical and inexpensive it was established to facilitate the monitoring of 

greywater irrigation. 

The second stage of the study was to monitor the use of primarily treated 

greywater by using diversion system from bathrooms and laundries at four Perth 

houses: two houses at the Bridgewater Lifestyle Village (BWLV), one each at 

White Gum Valley and Hamilton Hill. Each house had different characteristics: 

different house types, occupants, cleaning product preferences and presence, or 

not, of household pets. Water use activities, soil and vegetation were monitored 

and were sampled for physical and chemical characteristics. Groundwater samples 

at the BWLV site were also collected. This site has 389 houses with a greywater 



diversion system installed in each, is located close to the Peel-Harvey estuary and 

a wetland, an-d has a shallow aquifer. Monitoring results showed that the 

groundwater samples were within the ANZECC guidelines. Greywater quality 

showed high variability depending on water consumption by washing machines, 

use of detergents and fabric softeners, as well as individual lifestyles. Land 

activities such as fertilizers and pets were expected to contribute to high amounts 

of nutrients in the leachate. Mulching and fertilizer used by householders in 

conjunction with greywater irrigation improved the function of soil and condition of 

. plants. 

The third stage of the study was to determine the effects of raw laundry and 

bathtub greywater irrigation on the growth of couch grass (Cynodon dactylon L.) 

sod on a sandy soil in a 24-week study, from October 2009 to March 2010. In 

Perth, the use of greywater is significant during these months as rainfall is at its 

lowest and irrigation demand at its highest. Couch grass is a common lawn used in 

Western Australia with excellent drought tolerance, water efficiency and relatively 

low maintenance requirements. Three irrigation treatments were applied using a 

modified aquarium tank: (i) 100% scheme water as a control (TW), (ii) untreated 

full cycle laundry water (LGW), (iii) untreated bathtub water (BGW). Salts and 

nutrients Na, CI, P, Ca, Mg, K, B, Zn and Al were chosen for measuring because 

they are dominant constituents in greywater and have a beneficial role in turf grass 

growth. Their dynamics and mass balance were assessed by measuring the 

irrigation (input) and leachate (output) volumes and concentrations of element 

concentration in both input and output water of the tank. Irrigation using LGW and 

BGW in sand resulted significant leaching of some Mg and Al beyond the 30cm 

root-zone depth. The mass balance showed an increased amount of stored Na, CI, 

P and K in the soil at the end of the study. The accumulation of salts and nutrients 

in the soil has resulted in the infiltration rate, K, gradually declining. 

The final stage of the study was to investigate further the significant reduction of K 

in the tank test. Another soil hydraulic property, capillary rise (P,), was also 

measured. The soil samples were collected from greywater-irrigated plots at the 

case studies and the tank test, as mentioned previously. In addition, the study 
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examined the changes in soil properties from the use of an anionic surfactant, 

linear alkylbenzene sulphonate (LAS) which is known to be the main ingredient in 

detergent formulation. A commercially available surfactant-based wetting agent to 

alleviate water repellency in household gardens was also considered. Irrigation 

with raw laundry and bathtub greywater, application of LAS and a wetting agent 

made a significant reduction on infiltration rate, K, and on PC. At the case study 

sites, the changes were difficult to quantify owing to various land activities that 

influenced the result. 

The results of the extensive experimental on-site program indicated that the use of 

primarily treated greywater is a viable option to conserve water for irrigation during 

times of drought and water restrictions. The sustainable use of raw greywater 

would vary with specific site conditions and householder practices. Soil and plant 

quality parameters are significantly affected after continuous irrigation with 

greywater. This is mainly determined by the management regime of greywater 

irrigation and its composition. In addition, continuous irrigation with greywater may 

lead to accumulation of salts, plant nutrients and some nutrients beyond plant 

tolerance levels. Therefore, these concerns should be essential components of any 

management plan for greywater irrigation. On the other hand, plant growth, soil 

fertility and productivity can be enhanced with properly managed greywater 

irrigation, through increasing levels of plant nutrients and soil organic matter. It is 

suggested that proper management of greywater irrigation with periodic monitoring 

of soil fertility and quality parameters are required to ensure successful and safe 

long-term use of greywater for irrigation. The adequate assessment of any 

environmental risks will require further research. 

viii 



































































REFERENCES 

ABS. 2006. Domestic Use of Water and Energy, WA. 
Abu-Zreig, M., R.P. Rudra, and W.T. Dickinson. 2003. Effect of Application of 

Surfactants on Hydraulic Properties of Soils. Biosystems Engineering 84 
(3):363-372. 

Addiscott, T.M. 2005. Nitrate, Agriculture and the Environment. UK: CAB1 
Publishing. 

Al-Hamaiedeh, H., and M. Bino. 2010. Effect of treated grey water reuse in 
irrigation on soil and plants. Desalination 256 (1 -3):115-119. 

Al-Zu'bi, Y., and F. Al-Mohamadi. 2008. Effect of graywater on soil chemical 
composition and yield of tomato plant. Journal of Food, Agriculture & 
Environment 6 (2):408-410. 

Alfaro, M.A., S.C. Jarvis, and P.J. Gregory. 2004. Factors affecting potassium 
leaching in different soils. Soil Use and Management 20:182-189. 

Allen, L., J. Cristian-Smith, and M. Palaniappan. 2010. Overview of greywater 
reuse: The potential of greywater systems to aid sustainable water 
management. California: Pacific Institute. 

Almeida, M.C., D. Butler, and E. Friedler. 1999. At-source domestic wastewater 
quality. Urban Water 1 :49-55. 

Amoozegar, A., C. Niewoehner, S. Warren, W. Robarge, M. Hoover, D. 
Hesterberg, and R. Rubin. 2004. Effect of Graywater on Soil Hydraulic 
Properties. Paper read at 10th Symposium on Individual and Small 
Community Sewage Systems, March 23, 2004, at Sacramento, California. 

ANZECC. 1992. Australian Water Quality Guidelines for Fresh and Marine Waters, 
Australian and New Zealand Environment and Conservation Council. 
Canberra, Australia. 

ANZECC, and ARMCANZ. 2000. Australian and New Zealand guidelines for fresh 
and marine water quality 2000. National water quality management strategy, 
Paper No. 4. Australian and New Zealand Environment and Conservation 
Council, Agriculture and Resource Management Council of Australia and 
New Zealand, Canberra, ACT. 

Aonghusa, C.N. , and N.F. Gray. 2002. Laundry detergents as a source of heavy 
metals in Irish domestic wastewater. Journal of Environmental Science and 
Health 37 (1 ): 1-6. 

Arizona. 2001. Chapter 9, Article 7. Direct reuse of reclaimed water. In 18. Arizona: 
Department of Environmental Quality. 

Asano, T. 1998. Wastewater Reclamation and Reuse. In Water Quality 
Management Library: Technomic. 

ASTM. 2003. Standard test method for infiltration rate of soil in field using double- 
ring infiltrometer, Annual Book of ASTM Standards 04.08. West 
Conshohocken, PA: Amer. Soc. Testing Materials. 

Barron, 0. 2008. Managing land use and shallow groundwater. National Research 
Flagships (CS I RO). 

Barton, L., and T.D. Colmer. 2001. Maximising turf qua1ity:Minimising nutrient 
leaching. Australian Turfgrass Management 3.4 (August-September). 

Barton, L., G.G.Y. Wan, and T.D. Colmer. 2006. Turfgrass (Cynodon dactylon L.) 
sod production on sandy soils: II. Effects of irrigation and fertiliser regimes 
on N leaching. Plant and Soil 284: 147-1 64. 

180 



Beal, C., B. Hood, T. Gardner, J Lane, and C. Christiansen. 2008. Energy and 
water metabolism of a sustainable subdivision in South East Queensland: A 
reality check. In Enviror08. Melbourne, Victoria. 

Bennett, W.F. 1993. Nutrient Deficiencies and Toxicities in Crop Plants. St. Paul, 
Minnesota: APS Press. 

Bino, M., S. Al Beiruti, and M. Ayesh. 2010. Greywater use in rural home garden in 
Karak, Jordan. In Greywater use in the Middle East: Technical, Social, 
Economic and Policy Issues, edited by S. Mcllwaine: IDRC. 

Birks, R., S. Hills, C. Diaper, and P. Jeffrey. 2003. Assessment of water savings 
from single house domestic greywater recycling systems. Paper read at 2nd 
Int. Conf. on Efficient Use and Management of Urban Water Supply, at 
Tenerife, Canary Islands, Spain. 

Blackwell, P. (http://www.aqric.wa.gov.au/PC 92440.html?s=1001, assessed on 
10 July 2009) Managing water repellent soils. Department of Agriculture and 
Food Western Australia 1996 [cited 
(http://www.aqric.wa.qov.au/PC 92440.html?s=I 001, assessed on 10 July 
2009) 1. 

Blaylock, A.D. 1994. Soil salinity, salt tolerance, and growth potential of 
horticultural and landscape plants. Cooperative Extension Service, 
University of Wyoming B-988. 

California, State of. 2009. Nonpotable water reuse systems, emergency graywater 
regulations. In 2007 Plumbing Code, 24 Part 5 Chapter 16A, Part 1: 2009: 
Plumbing Code. 

Cameron, K. C., D. F. Harrison, N. P. Smith, and C. D. A. McLay. 1990. A Method 
to Prevent Edge-flow in Undisturbed Soil Cores and Lysimeters. Aust. J. Soil 
Res. 28:79-86. 

Carden, K., N. Armitage, 0. Sichone, and K. Winter. 2007. The use and disposal of 
greywater in the non-sewered areas of South Africa: Part 2 - Greywater 
management options. Water SA 33 (433-442). 

Carrow, R.N., and R.R. Duncan. 1998. Salt-affected turfgrass sites: assessment 
and management: John Wiley and Sons. 

Carrow, R.N., D.V. Waddington, and P.E. Rieke. 2001. Turfgrass Soil Fertility and 
Chemical Problems. Assessment and Management: John Wiley & Sons. 

Carter, M.R., and E.G. Gregorich. 2008. Soil Sampling and Method of Analysis. 
Second ed: Taylor & Francis Group. 

Casanova, L.M., V. Little, R.J. Frye, and C.P. Charles P Gerba. 2001. A survey of 
the microbial quality of recycled household graywater. Journal of the 
American Water Association 37 (5): 131 3- 131 9. 

Chakrabarti, C. 1995. Residual effects of long-term land application of domestic 
wastewater. Environment International 21 (3):333-339. 

Christova-Boal, Diana, Robert E. Eden, and Scott McFarlane. 1996. An 
investigation into greywater reuse for urban residential properties. 
Desalination 106 (1 -3):391-397. 

Cisar, J. L., K. E. Williams, H. E. Vivas, and J. J. Haydu. 2000. The occurrence and 
alleviation by surfactants of soil-water repellency on sand-based turfgrass 
systems. Journal of Hydrology 23 1 -232:352-358. 

Clough, T. J., R. J. Stevens, R. J. Laughlin, R. R. Sherlock, and K. C. Cameron. 
2001. Transformations of inorganic-N in soil leachate under differing storage 
conditions. Soil Biology and Biochemistry 33 (1 1 ): 1473-1 480. 



Comber, S. D. W., and A. M. Gunn. 1996. Heavy Metals Entering Sewage- 
Treatment Works from Domestic Sources. Water and Environment Journal 
10 (2):137-142. 

Water Corporation. http://www. watercorporafion.com.au/G/qroundwater.cfm 201 1 
[cited. 

Crase, L. 2008. Water policy in Australia: The impact of change and uncertainty: 
RFF Press Book. 

Davis, J.G., R.M. Waskomo, T.A. Bauder, and G.E. Cardon. Managing sodic soils 
(Publication no. 0.504). Colorado State University Updated 29 August, 201 1 
2007 [cited. 

Davis, M.L., and D.A. Cornwell. 1998. Introduction to environmental engineering: 
WCB McGraw-Hill. 

DeBano, L.F.. 1981. Water repellent soils: a state-of-the-art. Berkeley, CA: U.S. 
Dept. of Agriculture, Forest Service, Pacific Southwest Forest and Range 
Experiment Station. 

del Marco, A. 1990. Turf Management in Perth: A Review of Species, Maintaining 
Requirements and Opportunities for Water Conservation., edited by B. 
Wykes: WAWA Water Resources Planning Branch, Report No WP 88 

Dexter, A.R. , E.A. Czyz, and O.P. Gate. 2004. Soil structure and the saturated 
hydraulic conductivity of subsoils. Soil & Tillage Research 79: 185-1 89. 

Doerr, S.H., R.A. Shakesby, and R.P.D. Walsh. 2000. Soil water repellency: its 
causes, characteristics and hydro-geomorphological significance. Earth- 
Science Reviews 51 :33-65. 

Doerr, S.H., R.A. Shakesby, L.W. Dekker, and C.J. Ritsema. 2006. Occurrence 
prediction and hydrological effects of water repellency amongst major soil 
and land-use types in a hunid temperature climate. Eur. J. Soil Sci. 57:741- 
754. 

DOH. 2005. Code of Practice for the Use of Greywater in Western Australia. Water 
Corporation, Department of Health, Depattment of Environment. 

DOH. 2010. Code of Practice for the Use of Greywater in Western Australia. Water 
Corporation, Depattment of Health, Deparfment of Environment. 

Donner, E., E. Eriksson, D.M. Revitt, L. Scholes, H-C. Holten Liitzhaft, and A 
Ledin. 201 0. Presence and fate of priority substances in domestic greywater 
treatment and reuse systems. Science of the Total Environment 408:2444- 
2451. 

DOW. 2006. Irrigation with Nutrient-Rich Wastewater, WQPN 22: Department of 
Water, Western Australia. 

EPA. 2000. Groundwater Sampling Guidelines. Victoria, Australia: Environmental 
Protection Agency. 

EPA. 2008. Code of Practice-Onsite Wastewater Management. Victoria, Australia: 
Victoria Environmental Protection Agency. 

Eriksson, E., K. Auffarth, A.M. Eilersen, M. Henze, and A. Ledin. 2003. Household 
chemicals and personal care products as sources for xenobiotic organic 
compounds in grey wastewater. Water SA 29:135-146. 

Eriksson, Eva, Henrik R. Andersen, Toke S. Madsen, and Anna Ledin. 2009. 
Greywater pollution variability and loadings. Ecological Engineering 35. 

Eriksson, Eva, Karina Auffarth, Mogens Henze, and Anna Ledin. 2002. 
Characteristics of grey wastewater. Urban Water 4:85-104. 


