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Predicala, B.Z. and A.C. Alvarado. 2014. Alternatives for 
animal drinking and barn cleaning to reduce water use in 
swine facilities. Canadian Biosystems Engineering/Le génie des 
biosystèmes au Canada 56: 5.7-5.15. Animal drinking and barn 
cleaning are activities in swine barns where potential water saving 
can be achieved. In this study, selected water conservation 
strategies involving animal drinking and barn cleaning were 
assessed for their effectiveness in reducing the overall water use. 
For animal drinking, three types of drinkers were investigated: 
nipple (Control), nipple with side panel, and a trough with side 
panel and constant water level. The drinkers were distributed 
randomly among pens in a pig room and their impact on water 
use, water wastage, and pig performance were assessed 
throughout one complete grow-finish cycle. Results showed that 
relative to conventional nipple drinkers, the use of a drinking 
trough with side panel and constant water level saved about 60% 
of water through reduced water wastage without adversely 
affecting pig performance throughout the growth cycle. Water 
wastage and water disappearance rates increased as pigs reach 
market weights. For cleaning, on the other hand, experiments 
evaluating the effect of the use of water sprinkling (pre-soaking) 
and different high-pressure washing nozzles on water and time 
consumption in pig rooms with fully slatted flooring and partially 
slatted flooring revealed that the use of the conventional rotating 
turbo nozzle led to lesser time and water consumption during 
high-pressure washing. Also, high-pressure washing in rooms 
with fully slatted flooring can be done without prior water 
sprinkling. Economic analysis of the different measures showed 
that compared to current conventional practices, the combination 
of using a drinking trough with side panel and constant water 
level for animal drinking and pre-soaking and high-pressure 
washing with conventional nozzle for cleaning had the greatest 
potential for cost savings of up to C$4.77 per pig arising from 
reduced overall water use and accumulated manure slurry. 
Keywords: pig drinkers, barn cleaning, livestock production, 
water consumption, water wastage. 
L'abreuvement des porcs et le nettoyage de la porcherie sont des 
activités où des économies d'eau peuvent être réalisées. Dans cette 
étude, l'efficacité de réduction de la consommation globale d'eau 
de différentes stratégies de conservation a été évaluée. Pour 
l'abreuvement des animaux, trois types d'abreuvoirs ont été testés 
: la tétine (contrôle), la tétine avec un panneau latéral et l'auge à 
niveau d'eau constant munie d'un panneau latéral. Les abreuvoirs 
ont été distribués de manière aléatoire dans les parcs d'une salle et 
leurs impacts sur la consommation en eau, le gaspillage d'eau et 
les performances de croissance des porcs ont été mesurés durant 
un cycle complet de croissance-finition. Les résultats ont 
démontré que, comparativement à la tétine traditionnelle, 
l'abreuvement fait dans l'auge à niveau d'eau constant munie d'un 

panneau latéral économisait 60% de l'eau par une réduction du 
gaspillage. Cette économie n'avait aucun effet négatif sur les 
performances des porcs durant leur cycle de croissance. Le 
gaspillage et le taux de disparition de l'eau augmentaient au fur et 
à mesure que les porcs s'approchaient du poids d'abattage. Des 
tests ont été faits pour mesurer la consommation en eau et le 
temps requis pour le lavage de salles munies de plancher 
partiellement latté ou complètement latté. Un arrosoir (pour 
détremper avant lavage) et différentes buses de lavage à haute 
pression ont été utilisés pour le nettoyage. Ces tests ont démontré 
que l'utilisation d'une buse rotative turbo standard diminuait la 
durée et la consommation en eau pour le nettoyage à haute 
pression. De plus, le lavage à pression dans les salles munies de 
planché complètement latté peut être fait sans l'utilisation 
préalable d'un arrosoir. Une analyse économique des différentes 
stratégies comparées aux méthodes conventionnelles a été 
réalisée. La stratégie la plus économique est celle qui combine 
l'utilisation d'auge à niveau d'eau constant munie d'un panneau 
latéral pour l'abreuvement des porcs avec un arrosage pour 
détremper les parcs avant un lavage à haute pression fait avec une 
buse standard. En effet, une réduction potentielle des coûts de 
4,77 CAD par porc est obtenue par des réductions globales de 
l'eau nécessaire et de la quantité de lisier produit. Mots clés: 
abreuvoirs pour porcs, lavage de porcherie, production animale, 
consommation d'eau, gaspillage d'eau. 

INTRODUCTION 
Water is a critical input in swine production.  In swine 
operations, water is used for animal drinking, cooling, 
cleaning, and domestic consumption. The rate of water use 
has impact on the overall production cost and on the 
environment. Indiscriminate use of water can increase the 
volume of waste water and manure slurry generated from 
the operation leading to added manure handling costs, 
while improper manure management particularly during 
land application can potentially lead to degradation of 
water bodies. Thus, more efficient use of water is essential 
in swine production facilities not only for economic 
reasons but also for environmental sustainability 
considerations. 
 With increasing concern about the impact of swine 
production on air, land, and water, this research work was 
conceptualized to explore and develop measures that will 
enable swine operations to mitigate their impact on water 
resources and to reduce production costs. A comprehensive 
literature review was conducted to gather information on 
actual water use and existing water conservation strategies 
that can be adopted in swine operations but very limited 
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published work was found. Following the literature search, 
a benchmarking survey of different swine production 
operations across Saskatchewan, Canada, was conducted 
to collect information on the actual water usage, water 
expenses, and production data over the past three years as 
well as any existing water conservation practices 
(Predicala and Alvarado, 2013).  Results of literature 
search and the survey yielded various potential water 
conservation strategies including the use of different 
drinkers (Almond 2002; Christianson, 2003; Magowan 
2007; McKerracher 2007; Phillips and Phillips 1999; 
Torrey et al. 2008), diet manipulation (Almond 2002), and 
different cooling (Adin et al. 2009; Haeussermann et al. 
2007) and cleaning strategies (Almond 2002; Hurnik 
2005). There has been little effort to investigate water 
wastage during consumption and water usage aside from 
animal consumption in various operations in swine 
facilities, and to evaluate or develop measures to reduce 
overall water consumption. In addition, the benchmarking 
survey results showed a wide range of values for the 
volume and cost of water used on a per pig basis, which 
indicated that significant opportunities for water savings 
are possible particularly for barns currently with high 
water consumption and costs. 
 In order to determine the most promising water 
conservation strategies, the water conservation measures 
identified from the literature search and survey were 
evaluated by applying an assessment criteria that 
considered the following aspects: effectiveness in reducing 
water use, impact on manure production, effect on pig 
performance, and other operational aspects (i.e., 
applicability to areas or activities in the barn with the 
highest contribution to the total water consumption). In 
addition, previous research in swine barns showed that 
animal drinking represented about 80% of the total water 
consumption in the barn; the remainder was contributed by 
animal cooling, cleaning and domestic use (Froese 2003). 
Based on this preliminary evaluation of the conservation 
measures from the literature review and the survey, animal 
drinking and barn cleaning were identified as the activities 
in the barn where highest water savings can be potentially 
achieved. 
 Hence, this study aimed to evaluate selected water 
conservation strategies related to animal drinking and barn 
cleaning implemented in an actual swine barn and to 
assess their effectiveness in reducing overall water use and 
their economic feasibility. The ultimate goal of this work 
was to reduce the rate of water use in swine operations, 
thereby reducing cost of production and mitigating impact 
on the environment. 

METHODOLOGY 
Animal drinking 
A preliminary assessment of several possible choices of 
drinker types (i.e., nipple, ball-bite, and trough) and 
configurations (i.e., with or without side panel) was 
conducted; based on the results, the three 
types/configurations that showed the best potential for 

reducing water wastage were selected for evaluation in a 
swine grow-finish room at the Prairie Swine Centre Inc. 
(PSCI) barn facility in Saskatoon, Saskatchewan, Canada. 
The barn room had inside dimensions of 14.3 x 11.0 m 
with 14 equally sized pens (1.9 x 4.8 m). Each pen was 
equipped with a commercial feeder and a test drinker; the 
feeders were of the same type but the drinkers were those 
selected for evaluation. Each pen held 12 grower-finisher 
pigs. Prior to the start of the experiment, the animals were 
weighed and sorted such that the average starting weights 
in each pen was within ± 1 kg of each other.  
 As shown in Fig. 1, the three drinkers tested included: 
1) nipple drinker (Control); 2) nipple drinker with side 
panel; and 3) a trough with side panel and constant water 
level. The basic components of these drinkers are 
commercially available and are widely used in swine 
barns; no commercial names or models of these types of 
drinkers were mentioned to avoid endorsement of any 
particular model. Observations from preliminary tests have 
shown that pigs tend to waste significant amount of water 
when they approach the nipple drinker from the side, 

Fig. 1. Three types of animal drinkers tested: nipple 
(D1), nipple with side panel (D2), and a trough 
with side panel and constant water level (D3). 
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hence the side panel was added to force the pigs to 
approach the drinker only from the front. Prior to the start 
of each test, all drinkers were checked to ensure that the 
water pressure and flow rates of all drinkers as well as the 
water level in the trough were uniform and within the 
recommended levels. In this way, the potential variation 
between drinkers of the same type was eliminated or at 
least minimized. Only 12 pens (out of 14 pens in the room) 
were used in this study. The 12 pens were assigned into 
four groups (3 pens per group); each group had three types 
of test drinkers, which were randomly assigned, to the 
three pens. Each group represented one replicate trial for a 
total of 4 replicate trials in the room, all conducted 
simultaneously. In order to determine the performance of 
the test drinkers at the different growth stages (30 – 45 kg, 
45 – 60 kg, 60 – 85 kg, and 85 – 110 kg), each group of 12 
pigs was reassigned and moved to another pen at the end 
of data collection period for that specific growth stage. 
Each group of pigs was held in one pen for at least two 
weeks; the first week was designated as acclimatization 
period of pigs with the test drinker while the second week 
was for data collection. With 4 different growth stages 
investigated, each group of pigs was randomly re-assigned 
to different pens 4 times throughout the growth cycle. In 
this way, the pigs were introduced to a new pen 
environment but not necessarily to a new drinker type, at 
the start of each stage. Pigs were weighed at the start and 
end of each stage. 
 The performance of drinkers in terms of water 
disappearance (use), water wastage, water contamination 
level, as well as effect on average daily gain (ADG) and 
average daily feed intake (ADFI) were assessed 
throughout one growth cycle covering grower to finisher 
stages, for a total duration of 14 weeks. Water 
disappearance was monitored using a water meter (Model 
C700, Elster Metering, ON; scale of 1 L and minimum 
sensitivity of 0.473 L/min) attached to each type of 
drinker. Water wastage was determined by installing a 
water collector underneath the floor slats directly below 
each drinker (Fig. 2). The water collector had a 38 cm by 
33 cm total opening area; preliminary tests showed that 
this opening size could capture about 90 to 95% of the 
wasted water. The water depth in the collector was 
measured daily using a meter stick; the measured water 
depth was converted to water volume using a calibration 
curve relating water depth and volume. The water 
contamination level in the drinkers that could be attributed 
to the pigs, feed, and manure, was measured by monitoring 
the microbial ATP (adenosine triphosphate) present in the 
water using a luminometer (Ensure, Hygiena, Camarillo, 
CA, USA). ATP bioluminescence technique has been used 
in previous studies (Aycicek et al. 2006; Vilar et al. 2008; 
Willis et al. 2007) as an indicator of contamination. In 
addition, ADG of pigs was determined through the average 
growth rates during each test period while ADFI was 
calculated by dividing the total weight of feed consumed 
by the product of the number of pigs on trial and the total 
number of days on feed.  

Barn cleaning 
Pre-soaking the room prior to cleaning and the use of 
conventional nozzle during high-pressure washing are 
typical cleaning procedures in swine barns. Thus, in this 
experiment, these two different cleaning strategies: 1) 
water sprinkling (soaking) prior to high-pressure washing; 
and 2) use of different types of high-pressure washing 
nozzles, were investigated. Two types of grow-finish 
rooms at the PSCI barn were used. The first type of room 
had inside dimension of 7.3 x 19.8 m with fully slatted 
concrete flooring. It had 20 equally sized pens (1.8 x 2.4 
m) with 6 pigs per pen. The second type of room had 
inside dimension of 5.5 x 14.6 m with partially slatted 
concrete flooring (67% of pen area had solid flooring, the 
remainder was slatted). It had a capacity of 72 pigs, 
equally divided among 6 pens (2.0 x 4.1 m). 
 Each cleaning strategy was assessed based on its 
impact on the amount of water consumed, time spent 
during subsequent high-pressure washing, as well as 
surface cleanliness. To ensure that the cleaning 
consistency was maintained between treatments and from 
one room (replicate) to the next, only one barn worker 
carried out the cleaning, and all treatments were 
implemented in one room which represented one replicate. 

Fig. 2.  Photo of the water wastage collector installed 
underneath each drinker during the room-
scale experiments comparing different types of 
drinkers. 
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Also, each replicate was considered as block in the 
experimental design to account for potential variations 
between rooms. Water consumption (during sprinkling and 
high-pressure washing) was monitored using water meters 
(Model C700, Elster Metering, ON). Start and end times 
for each task (sprinkling and high-pressure washing) were 
also recorded using a timer. In case the worker needed to 
stop (i.e., to move feeders or penning) while performing 
the high-pressure washing, the time loss was accounted 
and was not included in determining the total time spent 
on actual cleaning. Surface cleanliness before and after 
high-pressure washing was assessed by monitoring the 
ATP (Adenosine triphosphate) counts on the floor 
(representing concrete surfaces) and on the penning 
(representing plastic surfaces) using a sample swab; one 
sample swab was collected from each surface (total area = 
100 cm2). The ATP levels from the sample swabs were 
then determined using a luminometer (Ensure, Hygiena, 
Camarillo, CA, USA). Changes in the levels of ATP, 
which is an indicator of surface contamination, before and 
after cleaning were determined.    
 Due to the number of factors to be evaluated, this 
experiment was divided into two parts. Part 1 was done to 
evaluate the effect of water sprinkling system on the 
subsequent high-pressure washing of swine rooms with 
fully and partially slatted concrete flooring. The most 
effective procedure (with or without sprinkling) in each 
type of room was carried out in part 2 tests to assess the 
different types of high-pressure washing nozzles. 
Part 1 This test was done to evaluate the effect of water 
sprinkling system (soaking) on water consumption and 
time spent during the subsequent high-pressure washing of 
floor, pen walls and feeders in a swine room. For each type 
of room, five replicate trials were done. In each trial, the 
room was partitioned into two sections as shown in Fig. 3. 

The high-pressure washing in one section (A) was 
performed without the use of sprinkling while in the other 
section (B), water sprinkling was done for 45 min prior to 
high-pressure washing.  A barrier was installed between 
the two sections to prevent the water from getting into the 
area with no sprinkling. Only one type of nozzle 
(conventional nozzle shown in Fig. 4) was used 
throughout the test. As part of the typical cleaning 
procedures in a swine room, the feeders were filled with 
water, and room walls and ceiling were cleaned using a 
garden hose prior to high-pressure washing; the water 
consumed and time spent when doing these tasks were not 
included in the analysis for time spent, water consumed 
and contamination. While the ceilings and perimeter walls 
represent a significant surface area, these are not soiled 
very much so these represent only a small portion of the 
total cleaning operation. The main areas that are typically 
heavily soiled and represent the majority of the cleaning 
time (and water use) are the floors and pen walls. The 
most effective high-pressure washing procedure (either 
with or without sprinkling) for each type of room was 
carried out in part 2 tests. 
Part 2 Using the most effective washing procedure 
determined from part 1, this test was conducted to evaluate 
the effect of four types of nozzles for high-pressure 
washing on water use and washing time. As shown in Fig. 
4, the four types of nozzles tested were the conventional 
nozzle, Y-nozzle, water broom, and 4-in-1 nozzle. The 
conventional nozzle had a zero degree spray tip (i.e., 
straight water stream), but due to its rotating capability, 
the resulting water stream spanned about 15 to 25 degrees 
(with respect to straight or zero-degree line) and formed a 
circular spray pattern. Two nozzles of this type were 
connected to form the Y-nozzle. The water broom had a 
total of 3 nozzles spanning through its 30 cm width. The 

Fig. 3. Floor layout of the room and experimental set-up used in Part 1 tests. Not drawn to scale. 
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4-in-1 nozzle, on the other hand, had 4 different spray tip 
nozzles: 0 (short range), 0 (long range), 25 and 65 degrees, 
which were used one at a time depending on the 
deposition of manure on the floor. Each type of room was 
divided into four areas; each area was washed using one of 
the four different nozzles, which were randomly assigned, 
within each room. Each room represented one replicate; a 
total of 5 replicates were carried out in this experiment. To 
eliminate the potential variability among nozzles of the 
same type, only one nozzle model of each type was used 
between replicates.  
Analysis of results 
In this study, the effect of the treatments (i.e. drinkers, age 
of pigs, water sprinkling, high-pressure washing nozzles) 
on the monitored parameters (water use, water loss, 
contamination levels, ADG, ADFI, and time spent during 
high-pressure washing) was analyzed following a 
randomized block design with ANOVA. The replicate 
trials were the blocking factor, on which the different 
treatments were evaluated randomly. Analyses of the main 
and interaction effects of the independent variables 
(treatments) on the dependent variables (monitored 
parameters) were done using SAS Mixed Model procedure 
with α=0.05 (SAS Institute Inc., NC, USA). If significant 
differences (P<0.05) were observed between means, a 
Tukey or Tukey Kramer post-hoc method was carried out 
to compare the means and consequently, to determine 
which pair of means was significantly different. Tukey test 
was used to minimize the probability of making at least 
one incorrect decision (family-wise type I error) 
(Mendenhall and Sincich 2007). Mean separation was 
converted into letter groupings using PDMix800 Macro 
(Saxton 1998). 

Assessment of economic viability of the selected water 
conservation measures 
Cost analysis of the application of the selected water 
conservation measures involving animal drinking and barn 
cleaning in a typical swine operation was conducted after 
completing the actual barn experiments. The analysis was 
carried out assuming that the measures were applied at the 
grow-finish stage of production. Thus, all the expenses 
incurred for one year in a grow-finish barn including the 
initial cost of materials (drinkers, sprinkler, high-pressure 
washing nozzles), labor and operating costs, as well as the 
costs associated with manure handling and subsequent land 
application of manure were estimated. 

RESULTS and DISCUSSION 
Animal drinking 
Figure 5 shows the performance of the test drinkers at the 
different growth stages in terms of water disappearance 
(water use), water intake, and water wastage. Water intake 
was assumed to be the difference between water 
disappearances measured from the water meters and the 
water wastage measured from the water wastage collectors 
installed under each drinker. Due to problems with the 
installation of water wastage collectors, monitoring water 
wastage at the early part of the trials (i.e., when pigs were 
about 30 – 45 kg) was not possible, thus the data collected 
for the early part of the trials were water disappearance 
(water intake plus water wastage) only. However, for the 
trials wherein water wastage was measured (i.e., when pigs 
were about 45 kg until market weight), it was found that 
about 60% less water wastage was achieved when a trough 
with side panel and constant water level was used 
compared to the nipple drinker alone and the nipple with 
side panel (Fig. 5). Significant difference (P<0.05) in 
water wastage between the trough with side panel and 
constant water level and the nipple drinkers was observed, 
with the biggest difference occurring when pigs were 
nearly at market weight. At 60 – 85 kg, pigs using the 
trough with side panel and constant water level for 
drinking wasted about 0.97 L of water per day per pig; this 
was significantly lower (P<0.05) than the use of nipple 
drinkers alone (4.04 L day-1 pig-1) and the nipple with side 
panel (3.67 L day-1 pig-1). This observation led to lower 
total water disappearance (consumed + wastage) for the 
trough with side panel and constant water level compared 
to the nipple drinker and the nipple with side panel. In 
parts of the trial where water wastage was measured, the 
trough with side panel and constant water level had an 
average water disappearance rate of about 6.70 L day-1 pig-

1 while the nipple drinker had 8.17 L day-1 pig-1 and the 
nipple with side panel had 8.03 L day-1 pig-1. Even with the 
substantial decrease in water disappearance, the net water 
intake of the pigs from the trough with side panel and 
constant water level (after subtracting the water wastage) 
was still within the water intake requirements for grower-
finisher pigs (4.5 – 10 L day-1 pig-1) (Froese and Small, 
2001). In addition, finisher pigs (60 – 110 kg) wasted 
significantly more water (P<0.05) than grower pigs (30 – 

Fig. 4. Four different types of high-pressure washing 
nozzles tested: conventional nozzle (N1), Y-
nozzle (N2), water broom (N3), and 4-in-1 
nozzle (N4). 
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60 kg) regardless of the type of drinker used. This has 
resulted to significantly higher (P<0.05) water 
consumption of finisher pigs than grower pigs. This trend 
was comparable to the results reported by Christianson 
(2003), and Thulin and Brumm (1991) that finisher pigs 
tend to consume more water than grower pigs.  
 The effect of the type of drinker on microbial ATP 
counts as well as ADG and ADFI is shown in Table 1. The 
water in the trough had significantly higher (P<0.05) 
microbial ATP levels (indicating contamination with 
organic material) than the water drawn from nipple 
drinkers. This was expected considering that in nipple 
drinkers (with or without side panel), pigs drank water 
directly from the outlet pipe while in the trough with side 
panel and constant water level, pigs took water from the 
trough with standing water which can be contaminated 
with feed and other organic matter. However, this did not 
affect pig performance since the use of the trough with 
side panel and constant water level had no significant 
effect (P>0.05) on average daily gain and average daily 
feed intake of pigs at different growth stages. In Brumm 
and Heemstra (1999) study, pigs with access to Drink-O-
Mat bowl drinkers (almost similar configurations with 

trough drinkers) had similar ADG, reduced feed intake and 
improved feed conversion compared to WaterSwing nipple 
drinker. While no significant differences in morbidity and 
mortality rates for the different groups of pigs were 
observed in this study, further investigation is needed to 
find out the type of microorganisms present in the water in 
the trough and their potential effects on the pigs other than 
ADG and ADFI. 
Barn cleaning 
Table 2 shows the effect of water sprinkling (soaking) on 
water consumed and time spent during subsequent high-
pressure washing. As expected, water sprinkling in fully 
and partially slatted concrete flooring resulted in 
significantly higher (P<0.05) water consumption than 
without sprinkling, mainly due to the additional water used 
during the sprinkling step. The time spent during the 
subsequent high-pressure washing in a fully slatted 
concrete flooring with prior water sprinkling led to about 
0.2 min/m2 less than without sprinkling. This observation 
confirmed the results reported by Hurnik (2005) that pre-
soaking the pens with water to loosen manure appeared to 
reduce the subsequent washing time. In this study, 
however, the decrease in time spent with prior water 

Fig. 5.  Effect of different types of drinkers on water disappearance, intake and wastage, n=4. Means of water 
wastage with the same letters are not significantly different (P>0.05) from each other. Error bars represent 
standard deviation. D1 – Nipple; D2 – Nipple with side panel; D3 – Trough with side panel and constant 
water level. Error bars represent standard deviation. 

Table 1. Mean (± SD) of microbial ATP counts and pig performance of the different drinkers. 

Parameters Nipple Nipple with side 
panel 

Trough with side 
panel 

Microbial population (ATP), RLU1 48 ± 24a 3293 ± 3418b 

Average daily gain (ADG)2, kg pig-1 day-1 1.03 ± 0.10 1.04 ± 0.08 1.02 ± 0.08 
Average daily feed intake (ADFI)2, kg pig-1 day-1 2.75 ± 0.50 2.91  ± 0.53 2.74  ± 0.47 

1RLU is relative light units; as indicated by the different letters denoting the mean values, nipple drinkers and trough with side panel and 
constant water level are significantly different (p<0.05) from each other (n=16). 

2ADG and ADFI are not significantly different (p>0.05), n=4.  



Volume	  56	   2014	   CANADIAN	  BIOSYSTEMS	  ENGINEERING	   5.13	  

sprinkling was not significantly different (P>0.05) from 
without sprinkling, which implied that in a swine room 
with fully slatted concrete flooring, high-pressure washing 
could be done without water sprinkling. However, 
significantly more time (P<0.05) was needed when 
washing a partially slatted concrete flooring without prior 
sprinkling than with sprinkling. This could be due to the 
thick crust of manure usually deposited on the solid floor 
area of the pen, which needed more time to clean if not 
pre-soaked with water. 
 The above test results indicated that water sprinkling 
was not a significant factor in subsequent high-pressure 
washing, thus the experiment involving different types of 
high-pressure washing nozzles was carried out without 
water sprinkling. As shown in Fig. 6, the use of the 
conventional nozzle led to the lowest water volume 
consumed and time spent in washing rooms with partially 
and fully slatted concrete flooring among all test nozzles. 
The unique feature of the conventional nozzle (rotating 
zero degree spray tip) may have achieved the desirable 
combination of high impact force necessary to break up 
and wash out the manure deposited on the floor and good 
cleaning coverage. The zero degree tip which was one of 
the features of the 4-in-1 nozzles, created the highest 

impact force but the cleaning coverage was very limited 
resulting in more time and water needed to clean the same 
area. The Y-nozzle, on the other hand, had two orifices, 
which resulted to a wide cleaning coverage (almost double 
that of the conventional nozzle) but created slightly less 
impact force (compared to the one with only one orifice) 
and used more water. This feature could be the reason that 
the Y-nozzles had the highest water consumption but 
second least time spent for cleaning. The water broom had 
the widest cleaning coverage but due to its three orifices, 
the impact force was extremely reduced, thus resulted to 
highest time spent during high-pressure washing in pen 
areas. This nozzle could be best used in hallways or in 
areas with minimal deposition of manure, which require 
lower impact force to clean.
 Table 3 shows the effect of the different types of 
nozzles on surface cleanliness. The conventional nozzle 
achieved the highest significant reduction (P<0.05) in 
microbial ATPs on concrete floor surfaces (measured 
before and after washing) among all test nozzles. This 
could be due to the high impact pressure created by the 
conventional nozzle on the concrete floor. On the other 
hand, the use of the Y-nozzle achieved 81.2% reduction in 
microbial ATPs on the plastic penning walls, the highest 

Fig. 6. Effect of different types of nozzles on time and water consumption during high-pressure washing, n=5. 
Means with the same letters within the same type of flooring are not significantly different (P>0.05) from 
each other. Error bars represent standard deviation. Letters on the left corresponds to water consumption 
while on the right for time spent. N1 – Conventional nozzle; N2 – Y-nozzle; N3 – Water broom; N4 – 4-in-1 
nozzle. Error bars represent standard deviation. 

Table 2. Mean ± SD of water consumed and time spent during subsequent high-pressure washing when cleaning a 
swine room with and without prior sprinkling, n=5. 

Type of room/ flooring Parameters per unit floor area With sprinkling1 Without sprinkling 
Fully slatted  
  

Water consumed, L/m2 28.4 ± 1.8a 22.9 ± 2.6b 

Time spent (washing only), min/m2   1.7 ± 0.2y   1.9 ± 0.2y 

Partially slatted 
Water consumed, L/m2 40.8 ± 1.0c 34.9 ± 0.7d 

Time spent (washing only), min/m2   2.2 ± 0.1m   2.9 ± 0.1n 

1Mean values denoted with same letters along the same row are not significantly different (p>0.05) from each other. 
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among all nozzles. This was not significantly different 
(P>0.05) from the conventional nozzle but significantly 
different (P<0.05) from the water broom and the 4-in-1 
nozzles. The trends on percent reduction in microbial 
ATPs was correlated with the impact pressure of water 
caused by the nozzles onto the surfaces, i.e., the higher the 
impact pressure, the higher the possibility of washing out 
the contaminated materials present on the surface. 
Assessment of economic feasibility of selected water 
conservation measures 
A cost analysis of the use of different types of drinkers and 
cleaning strategies in swine operations was carried out 
after completion of the actual in-barn experiments. The 
main components of the analysis included all the costs 
associated with the treatment (drinkers, pre-soaking, high-
pressure washing nozzles), materials and equipment 
required for installation, operating cost such as labour and 
water utility costs, as well as the costs of manure handling 
and subsequent land application of the manure. Based on 
the assumption that the treatment was applied to a 168-
head grow-finish room with a floor area of 157.3 m2 (14.3 
x 11 m) for one complete growth cycle of about 16 weeks, 
the total cost associated with the use of the trough with 
side panel and constant water level for animal drinking 
was around C$11.83 per pig, which translated to about 
29% reduction in total cost (capital and installation, 
labour, water utility and manure handling costs) when 
compared to the use of nipple drinkers (Table 4). On the 
other hand, the total cost associated with the use of the 
conventional nozzle during high-pressure washing, 
including capital cost of the materials and equipment, 
labor and water utility costs as well as manure handling 
cost, was about C$0.78 per pig for fully slatted flooring 

and C$0.80 per pig for partially slatted flooring, which 
were almost half of the other test nozzles (data not shown). 
Based on the results of the benchmarking survey, the 
current water-related practices employed in the 
participating barns were the use of nipple drinker, pre-
soaking the room prior to cleaning, and high-pressure 
washing using the conventional nozzle (Predicala and 
Alvarado, 2013). Using the above assumptions, the total 
cost associated with this production practice is about 
C$17.13 per pig for fully slatted flooring and C$17.31 per 
pig for partially slatted flooring. However, if a trough with 
side panel and constant water level was used for animal 
drinking and pressure washing was done using 
conventional nozzle and with pre-soaking only in rooms 
with partially slatted flooring (not in fully slatted flooring), 
the total cost would be about C$12.36 per pig (fully 
slatted) and C$12.55 per pig (partially slatted). These 
results could translate to about C$4.77 per pig savings or 
28% reduction in costs associated with water use 
compared to the current conventional production practices 
in most barns. 

CONCLUSION 
In-barn evaluation of selected water conservation 
measures indicated that relative to conventional nipple 
drinkers, the use of a drinking trough with side panel and 
constant water level saved significant amount of water 
(8.17 L day-1 pig-1 vs. 6.70 L day-1 pig-1) through reduced 
water wastage (3.77 L day-1 pig-1 vs. 1.27 L day-1 pig-1) 
without adversely affecting pig performance throughout 
the growth cycle. Pigs wasted and consumed more water 
as they approached market weights. High-pressure 
washing using a conventional nozzle led to lesser time and 
water consumption during the cleaning process. Compared 

Table 3. Mean reduction (in %) in microbial ATPs on concrete and plastic surfaces (before and after cleaning) using 
different nozzles, n=10. 
Surface Conventional nozzle Y-nozzle Water broom 4-in-1 nozzle 

Concrete (floor) 62.6 ± 6.7a 34.4 ± 5.4b 16.0 ± 5.2b 33.0 ± 3.5b 

Plastic (pen walls)   68.5 ± 6.0mn        81.2 ± 3.8m 53.3 ± 5.3n     54.9 ± 10.1n 

Mean values denoted with same letters along the same row are not significantly different (p>0.05) from each other. 

Table 4. Operational information and associated cost of using different types of drinkers in a swine production room. 

Operational information and associated cost Nipple Nipple with 
side panel 

Trough with side 
panel and constant 

water level 
Cost of required materials & equipment, $ 546.0   826.0     1,185.0 
Installation cost, $ 104.0   156.0             156.0 
Capital and installation cost (per pig basis), $/pig       0.26            0.39                 0.53 
Number of hours per cycle for drinker maintenance, hr 6       6            8 
Labor cost for installation and maintenance (per pig basis), $/pig      0.93 0.93 1.24 
Total water use (consumed + wastage) (per pig basis), L/day-pig      8.17 8.03 6.70 
Total water consumption per year, gal/yr   397,281.0  389,991.0      325,600.0 
Cost of water used (per pig basis), $/pig     6.30 6.19 5.16 
Volume of additional water to the pit due to wastage (per pig basis), 

L/day- pig    3.77 3.57 1.27 

Total manure produced (in storage tank) per year, gal/yr  262,804.0  253,084.0      141,311.0 
Cost of handling the manure produced (per pig basis), $/pig   9.11  8.77 4.90 
Total cost per pig, $/pig 16.59 16.27          11.83 

  All costs in CAD$ 
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 to current conventional practices, the combination of using 
a drinking trough with side panel and constant water level 
for animal drinking and pre-soaking and high-pressure 
washing with conventional nozzle for cleaning had the 
greatest potential for cost savings of up to C$4.77 per pig 
arising from reduced overall water use and less 
accumulated manure slurry. 
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