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ABSTRACT There is a growing demand for potato farmers to process their own crops on-farm, 
creating large quantities of wash-water. This two-year project studied the composition and 
treatment of wash-water from an Ontario potato farm storing ~300,000 cwt per year. The raw wash-
water had high average concentrations of BOD5 (1121 and 558 mg L-1), TSS (5234 and 3600 mg L-

1), TN (222 and 136 mg L-1), and TP (23.4 and 42.6 mg L-1) in Year 1 and 2, respectively. A multi-
stage land-based treatment system was used to treat the wash-water. The treatment system 
combined sedimentation, aeration, and wetland cells with cattails (Typha sp.). Due to higher than 
anticipated influent loads in the first year, the treatment system volume was expanded in the 
second year from 740 m3 to 1650 m3. High mass removals were observed: BOD5 (95 and 99%), 
TSS (98 and 99%), TN (77 and 99%), and TP (77 and 99%) in Year 1 and 2, respectively. 
Additional research is necessary to characterise wash-water from other potato farms and aid with 
designing simple, affordable, and standardized treatment systems for on-farm wash-water 
treatment. 
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INTRODUCTION  

The management of potato wash-water is a growing concern for farmers, since processors and 
retailers increasingly require on-farm washing and pre-processing. As a result, on-farm washing is 
common, while guidelines for treating/disposal of waste wash-water remain unclear. This research 
studies a multi-stage land-based treatment system that takes advantage of land-availability while 
maintaining low cost and labour requirements.   

On-farm wash-water is generated from two processes: the water used for transporting (and 
simultaneously pre-washing) potatoes in water-filled channels (fluming) from storage bins to the 
sorting area, and water used to clean and rinse the potatoes on a roller-table before sorting. There 
is no literature characterizing on-farm potato wash-water, and it cannot be assumed equal to 
processing wastewater. On-farm washing uses whole-potatoes whereas industrial potato 
processing wastewater involves peeling, cutting, and packaging occur (Hung et al., 2006) and will 
be greatly affected by the extent of processing (cutting, slicing, peeling) (Gottormsen and Carlson, 
1969, Hung et al., 2006). 

Potatoes contain 2% protein, 17% carbohydrates, 0.6 mg g-1 of phosphorus (USDA, 2010) and 16 g 
N per 100 g protein (conversion factor of 6.25, VanGelder, 1981). Therefore, we expected wash-
water to contain 5-day biochemical oxygen demand (BOD5), N, and P, as well as total suspended 
solids (TSS) from soil on the surface of the potatoes; however, it is unclear whether whole-potatoes 
will contribute high levels of BOD5, N, and P, and to what extent storage losses (e.g. minor rot or 
surface defects) may contribute. Lehto et al. (2009) measured processing water and treatment from 
three root vegetable farms in Finland. Potato processing water contained BOD7 of 820-3700 mg L-1, 
total solids of 150-2600 mg L-1, total nitrogen (TN) of 28-320 mg L-1, and total phosphorus (TP) of 
4.0-34 mg L-1. There has been little published research on potato wash-water and its treatment in 
Canada.  

Land-based treatment systems are well suited to agricultural applications given their low cost and 
the availability of land. These systems include sedimentation basins, aerated basins, and treatment 
wetlands, and have been commonly used in other agricultural settings (e.g., wastewater from 
slaughterhouse, dairy milkhouse, piggery; Schaafsma et al., 1999; Gottschall et al., 2007; Headley 
et al., 2001; Boutillier et al., 2008; Lehto et al., 2009; Carreau et al., 2012). Therefore, this type of 
system may be well suited to potato-farm wash-water treatment. 

Unlike many other agricultural settings, potato shipping and wastewater production occurs from 
October to July, and therefore, in large part during cold weather. There are several problems with 
cold climate land-based treatment systems to consider: plant senescence and release of nutrients 
in wetland cells, snow and ice cover, reduced biological activity, and preferential flow due to 
freezing (Carreau et al., 2012). These factors hinders treatment of nitrogen and organic matter. 
Although previous studies have shown constructed wetlands were effective in cold climates, 
treatment is wastewater-specific and therefore needs to be studied for potato wash-water.  

Therefore, this research examined the contaminants in raw potato wash-water over two shipping 
seasons in an Ontario on-farm potato storage facility and assessed contaminant removal through a 
multi-stage on-farm treatment system consisting of sedimentation, aeration, and wetland cells. The 
aim of this study was to better characterize the influent loads and inform the design of affordable 
treatment systems to aid farmers in consistently treating wash-water to meet applicable guidelines. 

 

MATERIALS AND METHODS  
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Site Description The research site, SunRise Potato Storage LTD., was located in Alliston, ON 
(more fully described in Bosak Zurowsky, 2015). Each shipping season was 10 months long 
(October to July), following harvest. Wastewater quantity and quality varied from month to month, 
based on demand of processing industries, shipment size, occurrence of rot, and presence soil. 
Prior to shipment, potatoes were scrubbed with finger rollers, then they entered the flume system 
which served to wash and move the potatoes 20 to 120m from storage bins to the sorting area, and 
lastly the potatoes were rinsed with potable water. At the end of the day all wash-water was 
pumped out of the storage facility and into the treatment system. Therefore, the treatment system 
was loaded with one large volume each day.  

In the second year of the study (Y2) steps were taken to reduce contaminants entering the wash-
water. Finger rollers were expanded to 4× their length to increase the amount of solids removed 
from the surface of the potatoes prior to entering the flume. Additionally, cull potatoes were moved 
directly to an outdoor storage to eliminate leakage of liquid rot into the flume system.  

The surface-flow, land-based treatment system was constructed adjacent to the storage facility on a 
low permeability, clay soil in the summer of 2008 (Figure 1). The size of the system was determined 
using the first-order plug flow design equation to meet BOD5 and TSS treatment (Kadlec and 
Wallace, 2009): 	

                                                                 	ln
	 ∗

∗ 	 	                                               (1)  

where Cout is the outlet concentration (mg L-1), Cin is the inlet concentration (mg L-1), C* is the 
background concentration (mg L-1), q is the hydraulic loading rate (m month-1), and ka is the first-
order rate constant (m month-1). The background concentrations used were 2 mg L-1 BOD5 and 2 
mg L-1 TSS, which were taken from the literature (Jameison et al, 2007). Values of ka, wash-water 
quality, and quantity were estimated from literature values for other wastewater types because the 
characteristics of potato wash-water were unknown at the time and no literature was available. The 
initial design estimated BOD5 and TSS influent concentrations of 100-150 mg L-1 and degradation 
constants were estimated from literature to be 9 for TSS and 10 for BOD5 (Table 1).  

In the first year (Y1; 2012-2013) the treatment system was configured with four cells: a 
sedimentation basin (C1), an aeration cell with a surface fountain aerator (C2), and two wetland 
cells (C3 and C4; Table 1). The second year (2013-2014) configuration consisted of a 
sedimentation basin (C1), two aeration cells (C2 and C3) and three planted wetland cells (C4, C5, 
C6) – C5 and C6 were newly built cells. C1, C2, and C3 were also deepened in Y2, to increase the 
hydraulic retention time (HRT; Table 1). Horizontal flow through the system was passive, with 
submerged PVC pipe connecting the cells on opposite corners in order to distribute flow. 

 

Figure 1. Diagram of treatment system in year 1 and year 2 configuration, with inflow on the left and 
outflow on the right. In Y1, cell C3 had limited cattail growth and ample growth of duckweed. 
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Treatment System Monitoring Water used for potato washing was measured by three flow 
meters (Rain Bird ©, Azusa, CA, USA) in the potato storage that were manually recorded following 
each potato shipping day. Water movement through the wetland was monitored with continuous 
hourly measurements of calibrated tipping buckets at the outflow of C3 and the system outflow (C4 
in Y1; C6 in Y2). Data was recorded by a Campbell Scientific datalogger (CR3000, Campbell 
Scientific, Edmonton, AB, Canada). A small weather station recorded hourly rainfall, temperature, 
and solar radiation (fully described in Bosak Zurowsky, 2015) was installed.  

Water samples were taken biweekly on average, when potatoes were being shipped. Inflow 
samples were taken directly out of the flume and outflow sample from the outgoing tipping bucket. 
Throughout the wetland, water samples were taken at the location of the outflow pipe from each 
cell. Samples were refrigerated at 4°C and analysed at the Ontario Rural Wastewater Center for 
BOD5, NH3-N, NO3-N, TKN, TP, and PO4 according to standard methods (Eaton, A. D., 2005). 

Calculations and Statistics Treatment performance was calculated on both a concentration 
reduction, and mass removal basis. Differences between monthly averages in Y1 and Y2 were 
tested using paired t-tests in SigmaPlot 12.0 (SigmaPlot, San Jose, CA, USA).  

 

RESULTS AND DISCUSSION 

Wastewater Production The total wastewater production was 4,044 m3 for 305,150 cwt 
potatoes shipped in Y1 and 2,345 m3 for 258,700 cwt potatoes in Y2. The average monthly water 
usage was 404 ± 222 m3 in Y1 and 234 ± 148 m3 in Y2. The large variation reflects the varying 
demand for potatoes by processors. There were, however, two consistent peak periods of potato 
shipment, the first in December/January, and the other in July. Overall the reduction in water use in 
year 2 (per cwt) reflected increased awareness of water use by the farm managers, and steps 
taken to reduce water use. It is not known how these values compare with other farms, therefore 
future research should characterize potato wash-water on other farms to understand the variability 
amongst farm type and practices. 

Characterization of Wastewater The inflow wastewater TSS was higher than expected. 
Monthly average TSS concentration was substantially lower in Y2 (3600 mg L-1) than in Y1 (5400 
mg L-1; Table 1). Likewise, BOD5 in Y1 was higher than expected and the monthly average 
concentration was much lower in Y2 (162 mg L-1) than Y1 (1243 mg L-1). In Y2 there was lower 
influent contaminant loads compared to Y1 for most contaminants (82% TSS, 71% BOD5, 61% TN, 
62% TKN, and 29% NH3); however, TP increased by 34% for unidentified reasons. The decreased 
concentration of most contaminants in Y2 indicate that changes in the potato handling procedures 
and storage management were effective at preventing wash-water contamination (increased finger 
rollers removing dirt prior to potatoes entering the flume, and direct removal of cull potatoes). 

Table 1. Comparison of Year 1 and Year 2 influent characteristics (October to July) and treatment 
system properties. 

  

BOD5 

(mg L-1) 

TSS 

(mg L-1) 
Area 
(m2) 

Volume 
(m3) 

Average Inflow 
(m3 month-1) 

HRT 
(months) 

Y1 (2012-2013) 1200 5400 1119 740 404 1.7 

Y2 (2013-2014) 956 3626 1321 1650 226 7.3 

Physical and Biological Conditions The daily average air temperature ranged from 24.3 to -
23.2 ˚C in Y1 and 27.4 to -17.8 ˚C in Y2. In total, 9 out of 20 (45%) shipping months were below 



 

 

5 

 

freezing temperatures. At times, water in the system froze in layers as new water was added onto 
the surface of already formed ice. Tipping buckets were kept from freezing using insulated huts and 
heat lamps. 

During warmer months, vegetative growth was observed. In Y1, C3 was covered in duckweed 
(Lemma minor L.) and in both years C4 had rich cattail growth (T. latifolia). Cattails were 
transplanted into C4 and C5 in Y2, however, growth was slow. Total outflow from the system in Y1 
was 2,215 m3, while in Y2 it was only 53 m3. This decrease in Y2 was due to the combined effects 
of increased capacity, reduced wash-water production, increased evaporation with two aerators 
instead of one, increased ET with the added cattails, and infiltration in the new cells (C5 and C6). 

Treatment Efficiency The overall performance of the treatment system was very good, with 
>77% mass removals from all contaminants in Y1 and >99% mass removal from all contaminants 
in Y2. Outflow concentrations and mass reductions are listed in Table 2. Even though there were 
high removals, only BOD5 in Y2 was able to meet the provincial surface water discharge guidelines 
(<25 mg L-1). 

TSS mass removal was 98% in Y1 and 99% in Y2 from the treatment system (Table 2). The TSS 
outflow concentration in Y1 was 176 mg L-1, on average, with an annual load of 387 kg. By 
comparison, in Y2 the average TSS concentration in the last treatment cell was 91.2 mg L-1 while 
the TSS outflow was 5.4 kg (97% less than in Y1 due to much lower discharge volume). With the 
lower influent concentration in Y2 the concentration decreased very little from C1 to C3, but then 
decreased rapidly in C4 (Figure 2). This indicates that there were fewer easily-settled solids in Y2, 
likely due to the added finger-rollers in the potato storage removing soil before it entered the water. 
Furthermore, the remaining solids were slow to settle and kept in suspension by the aeration in C2 
and C3, only being removed upon entering the first wetland cell (C4). The fact that TSS 
concentration remained high at the effluent in Y2 is attributed to abundant colloidal particles, which 
could not be removed through sedimentation due to their small size. Therefore, the increased 
retention time did not greatly enhance TSS removal (Tchobanoglous and Schroeder 1987). More 
research is needed to find supplementary treatments of removal colloidal TSS particles.  

Table 2. Total inflow and outflow total mass (kg) and average monthly concentration (mg L-1) 

  Year 1 Year 2 

Inflow  Outflow 
Mass    
red'n Inflow  Outflow 

Mass  
red'n 

kg mg L-1 kg mg L-1 % kg mg L-1 kg mg L-1 % 

BOD5  5550 1121 298 135 95 1600 558 1.48 25 99 

TSS 24500 5234 387 176 98 3470 3600 5.39 91.2 99 

TN 1170 222 272 114 77 453 136 2.55 43.1 99 

TKN 1170 222 258 84.4 78 450 214 1.34 23 99 

NH3 330 69.9 73.8 24.4 78 257 90.3 0.39 6.65 99 

TP 160 32.4 37.1 13.8 77 401 42.6 0.08 1.35 99 

PO4 68.6 15.5 14.6 4.94 79 20.6 10.9 0.07 1.2 99 
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Figure 2. Average concentration of TSS, BOD5, and TP (mg L-1) in each cell of the treatment system 
in Y1 and Y2 

 

BOD5 mass removal was 95% in Y1 and 99.7% in Y2 (Table 2). The average outflow concentration 
in Y1 was 135 mg L-1 and 25 mg L-1 in Y2. Total outflow mass was 298 kg in Y1 and reduced to 1.5 
kg in Y2, which was 99% less due to much lower discharge volumes. The trend of concentration 
reductions from cell to cell within the treatment system was similar to that of TSS (Figure 2). In Y1 
there was a consistent decline through the treatment system, whereas in Y2 the concentration 
changed little from C1 to C3 and then decreased rapidly in the first wetland cell (C4). Part of the 
explanation is the longer retention time of the first three cells, hence the weather was warmer when 
water reached C4 and therefore more biologically active (Figure 4). 

TP mass removal was 82% in Y1 and 99% in Y2 (Table 2). Outflow in Y1 averaged 13.8 mg L-1 TP 
and 4.9 mg L-1 PO4 with loads of 29.7 kg TP and 11.7 kg PO4. In Y2 the average concentration in 
the last treatment cell (C6) was 1.35 mg L-1 TP and 1.19 mg L-1 PO4 with mass loads of 0.08 kg TP 



 

 

7 

 

and 0.07 kg PO4. TP mass outflow in Y2 was 99% less than in Y1 due to lower discharge volumes. 
Although the inflow TP concentrations were higher in Y2, each treatment cell had lower average 
concentrations (Figure 2). Therefore, TP removal was improved with the increased HRT.  

 

Figure 3. Average concentration (mg L-1) of N constituents (NH3, TKN, NO3, and TN) in each cell of 
the treatment system in Y1 (A) and Y2 (B). 

 

The TN mass removal was 77% in Y1 and 99% in Y2. The average TN outflow concentration in Y1 
was 114 mg L-1 and the total outflow mass was 272 kg. The average TN concentration in the last 
treatment cell (C6) in Y2 was 43.1 mg L-1 and the total outflow was 2.54 kg, which is a 99% 
reduction from Y1. Treatment in C4 increased in Y2 (similar to BOD5) and the two new cells gave 
additional removal (Figure 3.). There was a slight increase in NO3 concentrations in the spring of Y1 
and Y2, although concentrations were < 10 mg L-1 (Figure 4). There was very little NO3 increase 
corresponding to the NH3 removal in both years, therefore we can infer that all NO3 created was 
immediately denitrified to N2 gas and nitrification was limiting TN removal. Figure 4 shows the 
seasonal difference in NO3 concentrations, which makes it evident that the cold climate hindered 
nitrification. Increasing the HRT of the system in Y2 allowed for more water to be in the system 
during spring months (especially in the established wetland cell C4) and therefore increasing 
exposure to higher biological activity in the wetland during warm months. In order to increase TN 
removal to acceptable levels, more research is needed to further increase nitrification. 
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Figure 4. Mean concentrations of Nitrate (top) and BOD5 (bottom) throughout the treatment system 
in winter and spring months of year 1 (left) and year 2 (right). Note the scale differs between years. 

 

CONCLUSION The treatment system had good mass removals of BOD5 (95% and 99%), TSS 
(98% and 99%), TN (77% and 99%), and TP (77% and 99%) in Y1 and Y2, respectively. Total mass 
of contaminants in the inflow was lower in the second year compared to the first, decreasing by 
71% BOD5, 82% TSS, 61% TN, and 29% NH3. The largest contributor to these reductions was 
changes in the storage facility that decreased the amount of contaminants entering the wash-water 
and the total amount of wash-water produced. Although most contaminant load was removed, the 
majority of discharge concentrations were still above governmental guidelines. More research is 
needed to find effective ways to further reduce contaminants, especially the particularly difficult-to-
remove colloidal solids in potato wash-water, which were not removed even after several months in 
the treatment system, as well as increased nitrification for TN removal. Research is also necessary 
to characterize wash-water of other potato farms to better understand wash-water and the 
treatment required. This information will assist in creating standardized management strategies that 
are straightforward and affordable for farmers. 
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