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Abstract 
As global water resources decline, reuse of domestic greywater for garden irrigation is quickly becoming 
widespread in many parts of the world.  However, the sanitary implications of reusing greywater to water 
edible crops remain uncertain. This study examined the microbial risks associated with domestic greywater 
reuse for the purposes of vegetable garden irrigation. Untreated (settled only) and treated (by settling and 
slow sand filtration) greywater collected from a family home was analyzed over a period of eight weeks.  
The water was tested for two common pathogen indicators, Fecal Coliform and Fecal Streptococci. Both 
indicator bacteria were found to be present in high levels in both untreated and treated greywaters- Fecal 
Coliform averaged 4 x 104 and Fecal Streptococci 2 x 103 / 100 mL of sample. During the testing period, 
both greywaters were used to irrigate individually potted plots of lettuce, carrots and peppers in a 
greenhouse. Tap water was used as control.  Upon maturity, plants were harvested and the edible portions 
tested for indicator bacteria. Despite the high bacterial counts found in greywater samples, no significant 
difference in contamination levels was observed between crops irrigated with tap water, untreated and 
treated greywaters.  Fecal Coliform levels were highest in carrots and Fecal Streptococci levels highest on 
lettuce leaves. However, contamination levels for all crops were low and do not represent a significant 
health risk. Plant growth and productivity were unaffected by the water quality, owing to the low N, P and K 
levels of the greywater. These results reinforce the potential of domestic greywater as an alternative 
irrigation source.   

Papers presented before CSBE/SCGAB meetings are considered the property of the Society. In general, the Society reserves the 
right of first publication of such papers, in complete form; however, CSBE/SCGAB has no objections to publication, in condensed 
form, with credit to the Society and the author, in other publications prior to use in Society publications. Permission to publish a paper 
in full may be requested from the CSBE/SCGAB Secretary, PO Box 23101, RPO McGillivray, Winnipeg MB R3T 5S3 or contact 
bioeng@shaw.ca. The Society is not responsible for statements or opinions advanced in papers or discussions at its meetings. 
 



Introduction  

Around the world, water demand continues to increase with irrigation being one of the most 
significant draws on freshwater reserves.  Domestic wastewater treatment and reuse is becoming 
an important field of research in this context as it can provide an alternative irrigation water source, 
and at the same time offer sanitary solutions for human waste disposal and nutrient recycling. As 
global water resources deteriorate and become less predictable, new wastewater reuse patterns 
will be of utmost importance.   
 Source separation of domestic wastewater into grey- and blackwater streams is a strategy 
for simplifying and decentralizing the wastewater treatment and reuse process. Because it excludes 
toilet wastes, greywater should be technologically simpler and more space-efficient to treat and/or 
reuse at the household and community level (Eriksson et al. 2002). However, greywater has been 
found to be only mildly less contaminated (Casanova et al. 2001; Jefferson et al. 2004) and in 
some cases more contaminated (Brandes 1977) with hazardous agents, including pathogenic 
organisms, than full wastewater.  Landscape and agricultural irrigation are identified as one of the 
most logical end-uses for recycled greywater (Toze 2006; Roesner et al. 2006; Christova-Boal et al. 
1996). Experiences with greywater reuse for irrigation in many parts the world have been compiled 
(Madungwe and Sakuringwa 2007) to show a general net benefit in terms of water conservation, 
reduction in strain to wastewater facilities, food production and aquifer recharge.     

Greywater reuse for irrigation is not however without its hazards- the most prevalent risks 
identified are those associated with elevated pH, salinity, and Boron in greywater, and the 
potential accumulation of pathogens, metals and organic chemicals in receiving soils (Toze 2006; 
Roesner et al. 2006; Eriksson et al. 2002). Of these elements, the risk associated with pathogen 
transmission from bacteria-rich greywater to humans through food crops may be the most 
significant for human health because of the potential for direct consumption of dangerous micro-
organisms.  Pathogenic organisms of concern associated with greywater reuse include 
enterotoxigenic Escherichia Coli, Salmonella, Shigella, Legionella, and enteric viruses (Rose et 
al. 1991; Ottoson 2003). To signal the presence of these pathogens, Fecal Coliform and Fecal 
Streptococci have been found to be the most useful indicator organisms (Ottoson 2003). While 
greywater characteristics are strongly influenced by location, personal habits and products used 
in the home and can vary greatly from house to house, most studies have found a high level of 
indicator bacteria in greywater samples from all sources (Eriksson et al. 2002). 

Few studies have focused exclusively on greywater reuse for irrigation of edible crops 
and the potential transmission of human pathogens. Since it is commonly asserted that the 
vascular systems of plants are sterile, direct contact of the water with edible portions is the 
principal transmission route of pathogens from water to crop (Gerba and Smith 2005; Mills et al. 
1925). Sadovski et al. (1978) showed that burying wastewater drip irrigation pipes reduced 
pathogen levels on crop surfaces to nearly undetectable levels, even under simulated epidemic 
concentrations of pathogenic bacteria in the water used. 

The objective of the present study was to evaluate the microbial contamination of 
greywater-irrigated crops of various morphologies. To address the potential for crop 
contamination associated with the household reuse of greywater, the project traced the 
transmission of indicator bacteria from water to plant.  Real-life domestic greywater with a high 
bacterial count was used to irrigate food plants in a controlled environment, and soil-level 
irrigation was employed in order to eliminate as much as possible the direct transmission route. 
The influence of crop type was determined by the selection of a root, leaf, and fruit crop of varying 
heights.  Results are accompanied by a risk analysis. 

 
 
 
 
 



Materials and Method 

Experimental materials  
Greywater originating from a single family residence was sampled by inserting sterile sampling 
containers directly into the stream at two locations within a home greywater collection/treatment 
system. The first sampling point for the untreated greywater (GWu) was after a primary settling 
stage with a hydraulic retention time (HRT) of ±8 h, and the second for the treated greywater 
(GWt) was after coarse filtering and treatment by slow sand filtration with a HRT of ±1 day.   

The greywater sources consisted of two showers, one bathtub, and one washing 
machine. The house is permanently inhabited by three adults and one small child (2yrs).  The 
residents use primarily environmentally-friendly (biodegradable, phosphate-free) shampoos and 
detergents, and diapers were not washed in the machine that flows into the greywater system. 
Tap water for the control group was unaltered Montreal municipal water. The characteristics of 
the greywater and tap water used for irrigation purposes in this study are outlined in Table 1. 

For the greenhouse crops, seeds and plantlets were of the following varieties: Baby 
Finger carrots, Daucus carota sativa; Grand Rapids lettuce, Lactuca sativa; and Gypsy red 
peppers, Capsicum annuum. The carrots represented the category of root vegetables, whereas 
the lettuce represented leafy vegetables with close soil contact and the peppers represented 
crops that mature off the ground with limited soil contact.   

Potting soil for the greenhouse experiment was mixed on-site using 7.5 parts pasteurized 
field top soil consisting mainly of fine sand, 1 part perlite (Holiday), 1 part vermiculite (Holiday) 
and ½ part peat moss (sphagnum moss). The freshly mixed experimental soil is characterized in 
Table 2. 

 
  
Methodology 
Over eight weeks of the experiment, treated and untreated greywater was obtained weekly from 
the source and characterized for pH, Chemical Oxygen Demand, total solids, heavy metals , 
nutrients (N, P and K), and pathogenic indicator organisms (Fecal Coliforms and Fecal 
Streptococci).  

In June of 2007, the crops were started in the Macdonald Campus research greenhouse 
facility of McGill University, Montréal, Canada, following the local growing season of early June to 
late August.  The statistical design consisted of applying one of the three sources of water (3), tap 
water, untreated greywater or treated greywater, to triplicate pots (3) of each plant type (3), for a 
total of 27 experimental blocks (Fig. 1).  Each block consisted of a 3-gallon Rubbermaid® storage 
container fitted with drainage holes and runoff trays to avoid cross-contamination. The containers 
were filled to the brim with potting soil mix and seeded with either lettuce or carrot seeds or 
planted with pepper seedlings, which were thinned after approximately two weeks to yield 3 
lettuces/block, 3 peppers/block, and 10 carrots/block.  No mechanical shading was used and the 
greenhouse compartment was programmed to remain under standard local conditions of air 
temperature and relative humidity. Plants were distributed randomly and watered at the same 
time each day with 300mL of either tap water or one of the two greywater samples (GWu or GWt), 
from seedling stage until full maturity.  Watering was performed manually using a device adapted 
to directly apply water to the soil surface, avoiding contact with plants (Fig. 2). Plants were 
watered five days per week, on the sixth day received no water, and on the seventh day were 
briefly sprayed with freshwater to simulate periodic rainfall events characteristic of the Montreal 
region. All blocks were fertilized with the recommended dosage of slow-release fertilizer.  

The time span from planting to harvest was 55 d for lettuce, 65 d for carrots and 75 d for 
peppers. Upon maturity, the edible portion of each plant type was harvested in three successive 
batches taken on separate days.  Sampling portions were aseptically removed from the plant, 
weighed, and transported immediately to the laboratory for testing.  In the laboratory, 20g 
samples of each crop/treatment block were cut into small pieces using sterile scissors and 
immersed in sterilized peptone solution (0.1%). The resulting elutions were shaken and tested for 
Fecal Coliforms and Fecal Streptococci according to the method outlined in Collins (2001) for the 
microbial evaluation of fresh foods. 



  
Analytical procedures 
The treated and untreated greywater samples were analyzed using standard methods (APHA 
2005).  The pH was measured using with a pH probe and meter (Corning Model 450, NY, USA). 
Chemical oxygen demand was determined by colorimetry after reacting 2mL of sample with 
potassium dichromate at 150°C for 1 hour. Total solids were determined by drying for 24h at 70°C 
(VWR, Sheldon Manufacturing Inc., Model No. 1327F, Cornelius, OR, USA).  Metals and trace 
elements (Al, Ca, Cd, Co, Cr, Cu, Fe, K, Mg, Mn, Mo, Na, P, Pb, S, Zn) were determined by 
Inductively Coupled Plasma Mass Spectrometry (ICP-MS, Agilent, Santa Clara, CA, USA). 
Ammonia nitrogen was determined using an Ammonia-sensitive probe (Orion, Boston, MA, USA) 
connected to the pH/ion meter.  The phosphorous and potassium levels were obtained by 
colorimetry based on the Amino acid method (P) and Tetraphenylborate method (K) and by 
means of a spectrophotometer (Hach DR 2800, Type LPG, Loveland, CO, USA). 

Both bacterial groups were quantified using the membrane filtration technique.  Fecal 
Coliforms were incubated on mFC agar (Difco, Franklin Lakes, NY, US) at 44.5°C for 24h, while 
Fecal Streptococci were cultured on KF Streptococcus agar (Difco, Franklin Lakes, NY, US) at 
35°C for 44-48h.  

To measure crop Fecal Coliforms and Fecal Streptococci, a known weight of crop 
samples were soaked in a peptone solution (0.1%) according to Collins (2001). Samples of 50g 
from each crop were dried for 24h at 70 °C to measure dry mass.   
 
Statistical analysis 
The difference in population of indicator bacteria on crop surfaces was compared by single-factor 
ANOVA to determine the effect of irrigation water on each crop.  Crop type and water quality were 
also compiled in a two-way ANOVA to gauge the effect of plant type on the likelihood of 
contamination with indicator bacteria (Berthouex and Brown 2002).  
 
Results and Discussion 
 
Greywater characteristics 
In most respects, the experimental greywater was similar to that reported in other greywater 
characterization studies (Table 3). Nutrients important for plant growth, namely N, P, and K, were 
detected in minor quantities of 1.2-6.2, 0.24-1.02 and 2.2-2.5 mg/L, respectively. Comparatively 
low P levels in this study can largely be attributed to the use of phosphate-free soaps and 
detergents within the household (Table 2). Greywater N detected mainly as NH4

+-N, is expected 
to be low due to the small absolute quantities of fecal matter present in greywater. Solids and 
COD levels of 313-543 and 278-435 mg/L are indicative of a low-to-medium grade wastewater 
(Jefferson et al. 2004). Micro minerals namely Calcium, Magnesium and Sodium were detected in 
quantities of 30 to 44, 8.0 to 9.9 and 20 to 27 mg/L, respectively. Sulfur was present at levels of 
5-8.8 mg/L.  Heavy metals were not present in any detectable amount. 

Fecal Coliforms and Fecal Streptococci counts varied widely from week to week from 2.2 
x 104 - 1.4 x 106 CFU/100mL (where CFU are colony forming units) and 113 - 8.1 x 103 
CFU/100mL, respectively (Fig. 3). Fecal bacteria counts were slightly higher than those 
previously reported, possibly due to the presence of a young child in the household (Rose et al. 
1991).  

Control samples showed Montreal tap water to contain 9.6 mg/L Ca, 2.1 mg/L Mg, and 
18.7 mg/L Na.  Elevated Ca and Mg levels in the greywater could therefore be associated with a 
buildup of ‘hard’ water deposits in pipes, fixtures, and the treatment system itself.  

  The untreated and treated greywater samples (GWu and GWt) were not significantly 
different for all parameters tested suggesting that the treatment was ineffective and its effect can 
be ignored. For the purposes of statistically analyzing the data, the results obtained with GWu and 
GWt were combined.  
 
Irrigation effects 
In terms of crop dry weight per experimental block, no significant difference was observed 
between blocks irrigated with greywater and those receiving regular tap water (results not 



shown).  This result is explained by the low nutrient content of the greywater, as well as the low 
and therefore un-inhibitive levels of heavy metals. All plants grew well and produced healthy fruit, 
with only one lettuce control block suffering from pest-related weakness.  

Fecal Coliforms were detected in low numbers on lettuce leaves and carrot surfaces, and 
not at all on the surface of peppers (Fig. 4). For all crops, there was no statistical difference 
(α=0.05) in Fecal Coliform levels on crop surfaces between the tap water and greywater 
treatment groups. The highest Fecal Coliform counts were found on carrots, likely because the 
edible portion is in direct contact with the soil and irrigation water. Surprisingly, control blocks on 
average showed higher but not statistically different Fecal Coliform counts than greywater-
irrigated blocks. The high variation of the results, however, point to this as being part of a 
completely randomly distributed result and not as an indicator of higher contamination levels on 
tap water-irrigated crops.  

Fecal Streptococci levels displayed a different distribution than that of Fecal Coliforms.  
These were detected on all plant surfaces, with the highest contamination discovered on lettuce 
leaves.  Fecal Streptococci levels were slightly higher on greywater-irrigated lettuce and peppers, 
and lower on carrots than for the tap water-irrigated crops.  Again, the difference between 
treatments was not significant for any of the crops tested (α=0.05).  Although water tests with KF 
streptococcus agar showed the growth of only one type of bacteria, food tests with the same 
plates had a more varied appearance. To ensure that the study was focused on the same 
Streptococci detected in the greywater, only small red colonies were counted for both the food 
samples and the greywaters (Hall et al. 1963).     

In a two-way ANOVA analysis, the crop type was found to be significant for the 
prevalence of both indicator bacteria. Fecal Coliforms were more likely to be present on carrots 
and Fecal Streptococci more likely present on lettuce.   

Interestingly, results from this study suggest that use of household greywater for irrigation 
does not directly correlate to bacterial contamination of food crops when soil-level irrigation is 
employed. Although the same indicator bacteria present in the greywater were detected on crop 
surfaces, their numbers were not significantly higher than those found on control crops irrigated 
with normal tap water. This may indicate some buffering effect of the soil biotic community or 
signal the insufficiency of chosen indicator bacteria to indicate crop contamination by waterborne 
pathogens.  The movement of each pathogenic organism on plant surfaces and into plant tissues 
will naturally be species-specific and may be difficult to predict with the same methodology 
employed for water quality testing.  More research is needed in the area of pathogen enumeration 
on crop surfaces so that easy detection methods, sampling regimes, and acceptable 
contamination limits can be agreed upon.     

The relative absence of Fecal Streptococci bacteria from carrot surfaces and their 
prevalence on aboveground crops indeed is noteworthy as it runs contrary to conventional logic 
concerning crop contamination. This may indicate some degree of contamination of aboveground 
plants by airborne streptococci from other sources, or the adept movement of bacteria from the 
soil to the crevice-filled leaves of young lettuce plants.  Fecal Coliform results more closely mirror 
expectations for bacterial transmission by contaminated irrigation water. Further, this group 
encompasses the Escherichia Coli species, some strains of which are food-borne pathogens 
known to be responsible for outbreaks of illness in humans.  For these reasons, Fecal Coliforms, 
or E.Coli, specifically, may be most appropriate for use as indicator organisms in future research 
of this type. Confirmation of appropriate indicators is important in order to efficiently investigate 
the real risk associated with irrigating food crops with faecally contaminated waters of all types. 
 
Risk analysis  
The real risk associated with the consumption of crops irrigated with greywater is difficult to 
evaluate because of a lack of published microbiological standards for fresh produce and some 
uncertainty related to the effectiveness of indicator organisms to signal the presence of 
pathogens on food.  In its 1986 publication, the International Commission on Microbiological 
Specifications for Foods (ICMSF) suggested a limit of 100 CFU/g for E.Coli on fruits and 
vegetables, with a sample size (n) of at least five (5) and with no two (2) samples exceeding that 
limit in any one testing period.  Since E.Coli is incorporated into the Fecal Coliform category, this 



risk analysis could be translated into a conservative limit of 100 CFU/g for Fecal Coliforms. Crop 
results from this study did not exceed this level, nor was any one sample found to exceed it.   

There is no established standard for Enterococci levels on crops, and the real danger of 
their presence in foods is subject to debate. Fecal Streptococci are naturally-occurring in some 
foods, most notably meats and cheeses, and their relationship to other pathogenic organisms is 
unclear (Franz et al. 1999).   

A basic risk analysis can however be performed based on data from Fig. 4 and assuming 
that the greywater will be used to irrigate a household rooftop garden in Montreal, Canada. Data 
for probability of infection and likeliness of illness per incidence of infection are based on Hurst 
(2002) who provides overall values for enteric pathogenic bacteria. The risk analysis presented in 
Tables 4 and 5 assume that the vegetable crops will be consumed at an estimated rate of one 40 
g serving/day (approx. one pepper, three carrots or six lettuce leaves), every other day, over a 
three-month harvest period, based on the short growing season and single yearly harvest 
characteristic of Montreal gardens.  Because indicator bacteria were also recovered from control 
blocks watered with municipal tap water, greywater data are also presented in terms of increased, 
and in some cases, decreased risk when compared to the consumption of tap water-irrigated 
crops. Results show no clear trend in the risk associated with consuming greywater-irrigated 
crops.  This indicates a random result with no identifiable trend and suggests that more study is 
needed. 
 
Conclusion 

Though it excludes toilet wastes and has a low nutrient content, domestic greywater can 
indeed be highly biologically polluted and exceeds international microbial safety standards for 
unlimited food crop irrigation (World Health Organization 2006). The greywater used in this study 
was found to be relatively benign in terms of chemical content and was free of heavy metals that 
might be toxic to plants and humans, possibly due to the use of naturally-sourced, biodegradable 
soaps and detergents. However, high levels of indicator bacteria suggest the presence of 
pathogenic organisms in the greywater, which can pose a real health risk to humans that come 
into contact with it.   
 The key result in this study was the random distribution of bacteria on plant surfaces 
following irrigation with tap and domestic greywater. This suggests that bacterial contamination 
may not be a significant risk factor for edible crop irrigation with water of this character, with the 
provision that plants are not sprayed or otherwise allowed to come into direct contact with the 
contaminated water. This result mirrors previous research wherein other greywater streams 
(Jackson et al. 2006), sludge applications (Ibiebele 1986) and full wastewater (Sadovski et al. 
1978) were not found to increase crop contamination when contact was avoided. The significance 
of such findings opens the door for the exploration of alternative non-potable sources for irrigation 
water requirements. More factors need to be examined, including bacterial survival and 
accumulation in the soil, virus movement and transmission, and survival of organisms into 
drainage or groundwaters, in order to fully investigate the use of bacteria-rich water for irrigation 
purposes.  The true safety of these practices must be addressed as part of the effort to reconcile 
food production water needs in an era where freshwater supplies are increasingly limited and 
difficult to access.   
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Table 1.  Experimental greywater and tap water used for irrigation 
Parameter Untreated  

Greywater (GWu) 
Treated  
Greywater (GWt) 

City of Montreal 
Tap water 

pH 6.7 – 7.6 6.9 – 7.9 7.4 – 7.5 
TS (mg/L) 313 – 543 330 – 633 NT a 
COD (mg/L) 278 – 435 161 – 348 NT 
       
NH4

+-N (mg/L)b 1.2 – 6.2  4.1 – 5.1  NT 
P (mg/L)  0.24 – 1.02 0.24 – 1.21 ND 
K (mg/L)  2.2 – 2.5 0.6 – 4.4 ND 
       
Al (mg/L) ND c ND ND 
Ca (mg/L) 30 – 44 28 – 44 9.5 – 9.6 
Cd (mg/L) ND ND ND 
Co (mg/L) ND ND ND 
Cr (mg/L) ND ND ND 
Cu (mg/L) ND ND ND 
Mg (mg/L) 8.0 – 9.9 8.0 – 10.1 2.1 
Mn (mg/L) ND ND ND 
Mo (mg/L) ND ND ND 
Na (mg/L) 20 – 27 18 – 27 18.6 – 18.8 
Pb (mg/L) ND ND ND 
S (mg/L) 5.0 – 8.8 3.3 – 8.0 6.8 – 7.0 
Fe (mg/L) 0.09 0.08 – 0.45 ND 
Zn (mg/L) 0.04 – 0.42 0.01 – 0.38 ND 
SAR  4.2 – 5.8 3.9 – 6.1 7.7 – 7.8 
       
Fecal Coliform (CFUd/100mL) 4.7x 104 – 8.3 x 105 2.2 x 104 – 1.4 x 106 ND 
Fecal Streptococci 
(CFU/100mL) 

110 – 3.8 x 105 170 – 8 100 ND 

a Main form of nitrogen encountered  
b Not tested  
c None detected  
d CFU= Colony Forming Unit 



 
 
 
 
Table 2. Experimental soil properties 
Parameter (method) Result 

Cation exchange capacity (cmol+/kg) 36.4 (0.65)* 
pH (water 1:1) 5.3 (0.06) 
Buffer pH 6.0 (0.0) 
Ca (Mehlich III) (mg/kd dry) 2662 (94) 
  
P (Mehlich III) (mg/kd dry) 28.6 (1.36) 
  
Al (Mehlich III) (mg/kd dry) 745 (31) 
K (Mehlich III) (mg/kd dry) 77 (4.6) 
  
Mg (Mehlich III) (mg/kd dry) 1 224 (27) 
Organic Matter (%) 26 (2.6) 
Saturation P- P/Al (%) 3.8 (0.2) 
Saturation Ca (%) 36 (0.6) 
Saturation K (%) 0.5 (0.06) 
Saturation Mg (%) 27.5 (0.2) 
Saturation K+Mg+Ca (%) 63.9 (0.7) 
 *Standard deviation in parenthesis for n=3. 



 
 

Table 3. Greywater characteristics from various sources  

a Combined GWu and GWt results  

Experimental 
Greywater a 
 
 
 
Canada 

Christova-Boal 
et al.  
(1996)  
 
 
Australia 

Friedler 
(2004)  
 
 
 
Israel 

Surendran 
and 
Wheatley 
(1998)  
 
UK 

Parameter 

Shower and 
Laundry 

Bathroom and 
Laundry 

Shower and 
Laundry 

Shower and 
Laundry 

pH 6.7 – 7.9 6.4 – 10 7.4 – 7.5 7.6 – 8.1 
TS (mg/L) 313 – 633 NTb 1090 – 2021 631 – 658 
COD (mg/L) 161 – 435 NT 319 – 996 424 – 725 
       
NH4

+-N  (mg/L) 1.2 – 6.2  <0.1 – 15 1.2 – 4.9 1.56 – 10.7 
P (mg/L) 0.24 – 1.21  0.062 – 42 3.3 – 55.0 1.63 – 101 
K (mg/L) 0.6 – 4.4  NT NT NT 
       
Al (mg/L) NDc <1.0 – 21 NT NT 
Ca (mg/L) 28 – 44 3.5 – 12 NT NT 
Cd (mg/L) ND <0.001 NT 0.54 - 0.63 
Co (mg/L) ND NT NT NT 
Cr (mg/L) ND NT NT NT 
Cu (mg/L) ND <0.05 – 0.27 NT 111-322 
Mg (mg/L) 8.0 – 10.1 1.1 – 2.9 NT NT 
Mn (mg/L) ND NT NT NT 
Mo (mg/L) ND NT NT NT 
Na (mg/L) 18 – 27 7.4-480 151 – 530 NT 
Pb (mg/L) ND NT NT 3 -33 
S (mg/L) 3.3 – 8.8 1.2 – 40 NT NT 
Fe (mg/L) 0.1 – 0.45 0.29 – 1.1 NT NT 
Zn (mg/L) 0.01 – 0.42 0.09 – 6.3 NT 59 – 308 
SAR 3.9 – 6.1 NT NT NT 
       
Fecal Coliform (CFUd/100mL) 2.2 x 104 – 1.4 x 

106 
110 – 3.3 x 103 4 x 106 600 - 728 

Fecal Streptococci (CFU/100mL) 113 – 8 100 23 – 2.4 x 103 NT NT 

b NT= Not tested;  
c ND= None detected;  
d CFU= Colony Forming Unit 

   



 
 

Table 4.  Risk assessment based on Fecal Coliform counts 
  
  

Lettuce- 
tap water 

Lettuce- 
greywater 

Carrot-      
tap water 

Carrot- 
greywater 

Pepper-tap 
water 

Pepper- 
greywater 

Bacteria (CFUa/gram of crop) 5.21 2.76 10.52 2.93 0 0 
Mass ingested (g/d) 40 40 40 40 0 0 
Ingestion frequency (d/y) 45 45 45 45 0 0 
Probability of infectionb 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 
Probability of illnessb 0.49 0.49 0.49 0.49 0.49 0.49 
Estimated annual risk of illness 0.046 0.024 0.093 0.026 0 0 
Comparative risk     
  

47% lower 
than tap 
water 

 
72% lower 
than tap 
water 

  

a CFU= Colony Forming Unit 
b Source= Hurst et al. (2002)     
 
 
Table 5. Risk assessment based on Fecal Streptococcus counts 

  
  

Lettuce- 
tap water 

Lettuce- 
greywater 

Carrot-tap 
water 

Carrot-
greywater 

Pepper-
tap water 

Pepper- 
greywater 

Bacteria (CFU a/gram of crop) 56.83 71.52 4.13 2.85 17.60 24.87 
Mass ingested (g/d) 40 40 40 40 40 40 
Ingestion frequency (d/y) 45 45 45 45 45 45 
Probability of infectionb 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 
Probability of illnessb 0.49 0.49 0.49 0.49 0.49 0.49 
Estimated annual risk of illness 0.501 0.631 0.036 0.025 0.155 0.219 
Comparative risk    
  

20% higher 
than tap 
water 

 
31% lower 
than tap 
water 

 
41% higher 
than tap 
water 

a CFU= Colony Forming Unit 
b Source= Hurst et al. (2002)     

 
  



 
Figure 1. Experimental setup 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
 
 
 

300mL 
Erlenmeyer 
Flask

Plastic Handle 
Figure 2. Watering device 
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Figure 3. Average indicator organism counts for the untreated greywater (GWu) and the 
treated greywater (GWt) over six weeks of the sampling period, where FC is Fecal 
Coliform and FS is Fecal Streptococci.  
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Figure 4. Crop microbial count for (a) Fecal Coliforms and (b) Fecal Streptococci, where the bar 
indicates the standard deviation. The control treatment used tap water while the other used 
greywater (GW). Since the untreated greywater (GWu) and the treated greywater (GWt) were not 
statistically different in microbial count, their results were pooled.  
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