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Background. South Africa (SA) and other countries worldwide are experiencing extreme drought conditions. Since the start of the drought in
SA, many ways of saving water have been proposed and innovative water-saving mechanisms have become part of the lives of communities. We
investigated water use during surgical scrubbing procedures and possible interventions to reduce water consumption.

Objectives. To compare water use during surgical hand preparation before and after the implementation of specific water-saving interventions.
Methods. This was a non-randomised controlled study, following a before-and-after design, of orthopaedic theatre personnel scrubbing for
surgical cases at Tygerberg Hospital, Cape Town. A control (CON) group (n=32) was established to observe standard practice for baseline
measurements including total amount of water used, wash time and water flow rate during surgical hand preparation. After this, three
interventions were randomly assigned to a single theatre each, where the same variables were measured. Intervention AS entailed using
an alcohol scrub (n=18), intervention SN (n=12) had a dedicated assistant to open and close taps during scrubbing, and intervention SW
(n=12) made use of adjusted tap levers to allow the surgeon to open and close taps more easily. Analysis of variance was used to detect global
differences between groups, and Tukey’s post hoc test was performed to detect differences between groups.

Results. Significant differences in water use (p<0.001), wash time (p<0.001) and water flow rate (p<0.001) were observed between the four
groups. On average, the AS group used the least water per scrub (mean (standard deviation) 0.82 (1.43) L), which was significantly less
than the CON (5.56 (1.79) L; p<0.001) and SN (2.29 (0.37) L; p=0.002) groups. The amount of time spent per scrub was significantly less
in the AS group than all the other groups (p<0.05 for all comparisons), with no significant differences observed between the CON, SN and
SW groups independently. The SW group had the lowest mean water flow rate (0.73 (0.22) L/min), which was significantly lower than the
CON group (2.19 (0.84) L/min; p<0.001). The flow rate of the SN group (1.36 (0.66) L/min) was also significantly lower than that of the
CON group (p=0.005).

Conclusions. Water use during surgical hand preparation can easily be reduced by implementing easy and effective interventions. The
practicality of interventions may differ between institutions, and their acceptance by surgical staff is important to ensure compliance.
However, ensuring that alternative scrubbing options are available to surgical staff would equate to substantial savings over time.
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Several parts of South Africa (SA) are currently experiencing severe
drought conditions, and the drought that affected several provinces
was declared a national disaster in February 2018.1" In the Western
Cape Province water restrictions were implemented in several areas,
whereby individuals were financially penalised for using too much
water, while a water-shedding schedule was enforced in other areas.
Dam levels in the province increased following winter rains, but
water restrictions that urge each individual to consume no more
than a set amount of water per day in the home and at the workplace
remain in place.

Since the start of the drought, many ways of saving water
have been proposed and innovative water-saving mechanisms have
become part of the lives of many South Africans. These include
immediate repair of water leaks, installation of grey-water recycling
systems, and minimising water use for personal hygiene and the
performing of daily tasks such as laundry or dishwashing. Saving
water at the workplace is equally important, and the biggest area
of water consumption in surgery is the water required for theatre
use. It is obvious that some areas of water use in theatre cannot be
compromised; these include autoclaving requirements and theatre

cleaning. Although the use of disposable drapes can reduce the
amount of water required for theatre preparation, surgical hand
preparation is arguably one of the biggest potential ways of saving
water over which the individual has control.

The current standard procedures for surgical hand preparation
at Tygerberg Hospital (TBH) in Cape Town involve a 3 - 5-minute
scrub with water and soap under a running tap before each surgical
case. Although alcohol-based hand-scrub solutions are available for
use and flexibility is allowed for the surgeon’s preference, the method
of choice for the majority of surgeons remains the traditional soap-
and-water technique. TBH has ~20 active theatres, each handling
5 - 10 surgical cases per day. The water used in surgical hand
preparation at this hospital alone can therefore potentially reach
a staggering amount. Modern theatre complexes may have basin
setups that allow for user control of water flow, but unfortunately
these systems are costly and not available in most SA government
hospitals. The basin systems at TBH still have standard elbow taps,
which means that while the surgeon is scrubbing, the tap is open and
water flows freely. It is estimated that the average flow rate of an open
tap is 15 - 18 L/min.”??!
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The practice of scrubbing with soap and water only once (before
the first surgery of the day) and thereafter to use alcohol scrubs
between patients is generally accepted, forms part of the World Health
Organization (WHO) guidelines on hand hygiene in healthcare, and
is recommended in areas where water sources are unreliable."!
Hubner et al.®) demonstrated the efficacy of hand disinfection
with alcohol-based preparations only and recommended that a
15-second prewash with water and disinfectant soap be done once
daily prior to starting clinical duties. Doing this will effectively
reduce resident spores on the hands of the clinician.®! To date,
several studies, including a Cochrane review, have come to similar
conclusions.”#!

Objectives

To compare water use during surgical hand preparation before
and after specific water-saving interventions. The first objective
was to quantify the amount of water used per day by measuring
water consumption for scrubbing purposes in one division and
extrapolating it to the hospital as a whole. Following this, we
investigated potential water-saving mechanisms that: (i) are easy
and cost-effective to implement; (ii) provide adequate sterility for
surgery; and (iii) are generally accepted methods of surgical hand
preparation.

Methods

This non-randomised controlled study, which followed a
controlled before-and-after design, was conducted at TBH. Prior to
commencement of the study, ethical approval was obtained from the
Stellenbosch University Health Research Ethics Committee (ref. no.
N17/07/057) and institutional permission was obtained.

A baseline (control) group (CON) was established, after which
three interventions were randomly assigned to a single theatre each,
each with several procedures scheduled, on one day over a period of
12 hours.

Baseline/control (CON) group

Water consumption during scrubbing procedures of all surgical staff
in the Division of Orthopaedic Surgery at TBH was observed over
a period of 12 hours in order to establish a baseline of the standard
water use per day in five orthopaedic surgery theatres. All surgeons
were informed about the study and were urged not to change their
behaviour even though their actions were being observed. Routine,
standard-practice scrubbing procedures were used, which include
the surgeon scrubbing his or her hands with 4% chlorhexidine
gluconate soap (Bioscrub; B Braun Medical (Pty) Ltd, SA), using
water. According to TBH policy, alcohol scrubs are also considered
an acceptable method of scrubbing, and a 0.5% chlorhexidine and

70% alcohol scrub (Biotane, B Braun Medical (Pty) Ltd) is available
to surgeons who prefer this method of surgical hand preparation.
Water use was measured by placing a container in the basin to catch
all water, after which the total amount of water was weighed. One
kilogram weight was estimated to equate to one litre of water. The
amount of time spent scrubbing was also measured. In cases where
surgeons made use of alcohol scrubs between surgeries, water use was
reported as zero.

Intervention groups

Alcohol scrub intervention (AS)

As per WHO recommendations, surgeons completed a 15-second
prewash with water and 4% chlorhexidine gluconate soap, after which
a 0.5% chlorhexidine and 70% alcohol scrub was used. The
alcohol scrub alone was used between surgeries. Total water use per
surgeon per scrub was measured as previously described.

Scrub nurse intervention (SN)

A scrub nurse was stationed at each basin to assist the surgeons with
opening/closing the elbow taps during scrubbing procedures. The tap
was opened whenever the surgeon required water flow and closed
when not in direct use. Total water use per surgeon per scrub was
measured as previously described.

Self-wash intervention (SW)

Plumbers were asked to adjust tap levers to be perpendicular to the
surgeon when in the off position (Fig. 1), allowing much easier elbow
control of water flow rates during the scrubbing procedure. Surgeons
and scrub nurses were asked to open taps only to rinse their hands
and to close the taps while scrubbing. Total water use per surgeon per
scrub was measured as previously described.

Statistical analysis

The main outcomes of the study, mean time per scrub (seconds/
scrub), mean litres of water per scrub and mean water flow (L/min),
were calculated. All outcomes were normally distributed, so analysis
of variance was used to determine whether there were any significant
differences between the groups for each outcome. Where p<0.05,
Tukey’s post hoc test was performed to detect specific differences
between groups.

Results

A total of 32 participants were included in the baseline measure-
ment, after which 18 were exposed to the alcohol scrub (AS) inter-
vention, 12 had a scrub nurse (SN) assist them during scrubbing, and
12 completed a self-wash (SW) with taps adjusted to open and close
more easily.

A

Fig. 1. Adjusted tap levers in the closed position (A and B) and the open position (C).
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Mean water consumption, wash time and flow rate were higher for
the CON group than for the intervention groups (Table 1).

Post hoc analyses
Significant differences between the CON group and all three
intervention groups independently were observed for the amount of
water used per scrub (p<0.001, p<0.001 and p<0.001, respectively)
(Fig. 2). Additionally, the AS intervention used significantly less
water per scrub than the SN intervention (p=0.033). There was no
significant difference between the AS and SW interventions (Fig. 2).

The amount of time spent per scrub was significantly less in the AS
group than in the SN group (p=0.002), the SW group (p<0.001) and
the CON group (p<0.001) (Fig. 3).

Significant differences in tap flow rate (L/min) were observed
between the CON group and the SN group (p=0.005) and the SW
group (p<0.001) (Fig. 4).

Discussion

The objective of this study was to compare water use during surgical
hand preparation before and after specific water-saving interventions,
to determine whether these changes can save water during surgical
hand preparation in theatre. The first main finding of this study
was that, compared with current practice at our institution, water
consumption can be significantly reduced by employing one of
three easy-to-implement interventions: (i) use of an AS; (ii) having
an assistant to open and close taps during scrubbing; and (iii) an
adjusted angle of the standard elbow tap to enable the surgeon to
open and close the tap easily.
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Water scarcity is becoming more prevalent across the world. The
World Economic Forum highlighted the water crisis as the most
significant risk worldwide in terms of potential impact in 2015,
and further listed it as being in the top 10 risks in terms of
likelihood of occurring.””’ Water scarcity is experienced by as much
as two-thirds of the world’s population during at least part of a given
year,'” and despite widespread perception that this is a problem
mostly faced in developing countries, developed-world settings are
increasingly experiencing decreased availability of clean water."*!! In
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Fig. 3. Difference in mean wash time between the groups. (AS = alcohol
scrub; SN = scrub nurse; SW = self-wash with adjusted taps; CON = control;
*post hoc statistical test indicating p<0.05; **post hoc statistical tests
indicating p<0.001.)
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Fig. 2. Difference in the amount of water used per scrub between the groups.
(AS = alcohol scrub; SN = scrub nurse; SW = self-wash with adjusted taps;
CON = control; *post hoc statistical tests indicating p<0.05; **post hoc
statistical tests indicating p<0.001.)

Fig. 4. Difference in mean water flow rate between the groups. (AS = alcohol
scrub; SN = scrub nurse; SW = self-wash with adjusted taps; CON = control;
*post hoc statistical test indicating p<0.05; **post hoc statistical test
indicating p<0.001.)

Table 1. Overview of the mean amount of water used, wash time during scrubbing and flow rate of water*

Intervention groups

Control (n=32) AS (n=18) SN (n=12) SW (n=12) p-value
Water used (L/scrub) 5.65 (1.79) 0.82 (1.43) 2.29 (0.37) 1.93 (0.54) <0.001
Wash time (s) 163.5 (76.1) 32.8 (57.3) 120.8 (55.8) 160.3 (27.07) <0.001
Flow rate (L/min) 2.19 (0.84) 1.56 (0.41) 1.36 (0.66) 0.73 (0.22) <0.001

AS = alcohol scrub; SN = scrub nurse; SW = self-wash with adjusted taps.
*Data are described as means (standard deviations). The global p-value is indicated.
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SA, emphasis has been placed on encouraging the consumer to save
water, both in the home and at the workplace. Although the use of
clean water in operating theatres cannot be negotiated, water-saving
mechanisms to reduce waste can certainly be explored.

The present study investigated three potential water-saving
mechanisms that can easily be implemented in operating theatres that
still use the traditional ‘elbow tap’ basins, which allow the surgeon to
easily close, but not easily open, a tap during the scrubbing process.
The first intervention employed the use of an AS. This method is
widely used in operating theatres across the world and is endorsed
by the WHO." Using an AS has previously been shown to lead to
significant water savings, in addition to potentially being more effective
than the traditional soap-and-water scrub.'” This method makes use
of the AS between surgical cases, after an initial soap-and-water scrub
at the start of the operating day. In the present study, this method
yielded the lowest water use of all the interventions, with only 0.82 L
water used on average per scrub. The total time spent scrubbing was
also less compared with the baseline and other intervention groups.
However, it should be noted that this method is in fact routinely
available in our institution, yet surgeons prefer to use the traditional
soap-and-water scrubbing method, as is evident from the difference
between the baseline and the AS intervention group. Since surgeons
could use their preferred method of scrubbing, including an AS, in the
baseline measurements, it is clear that there was not wide support for
this method among the participants included in the study. Although
it uses least water, and there is evidence of improved efficacy,'!
implementation of this method as routine practice in our institution
may therefore not be feasible at present.

The second intervention we investigated was the use of an
assistant to open and close the taps during the scrubbing process
(SN). A previous study reported that, during conventional scrubbing,
hands are only under running water for 29.2% of the total scrubbing
process.””! Having a tap running during the remaining 70.8%
of scrubbing time is therefore unnecessary wastage. That study
reported higher water use per scrub and much higher flow rates
(20 L/min) than the CON group in the present study (5 L/min).
We speculate that this may be because sensitisation of surgeons to
the ongoing drought in the Western Cape had already altered their
behaviour. However, we did find similar (69%) water wastage during
scrubbing when calculating the difference in water use between the
CON group and the SW group. This reduction was also observed
in the SN group. Controlling water flow during hand scrubbing,
by the surgeon or by an assistant, can therefore lead to substantial
savings. However, each institution should be evaluated to determine
whether the staffing situation would allow for an assistant to open
and close the tap: as often experienced in resource-limited settings,
it is likely that such an individual would not readily be available. In
our institution, where between 50 and 100 surgical procedures take
place daily in ~20 theatres, the practicality of this intervention could
also be questioned.

The elbow-operated tap is conventionally used to prevent
recontamination of hands during surgical hand preparation, and
ideally these taps should be turned on and off using the elbow.!'"!
However, a recent study in the UK highlighted the fact that elbow taps
are often incorrectly installed and staff members routinely use their
hands to operate them, leading to a high rate of recontamination. !
In the present study, the angle of the elbow-operated taps was
changed to 45° which made it easier for surgeons to open and close
the taps with their elbows during scrubbing procedures. Surgeons
making use of this method (SW) used a mean (standard deviation)
of 1.93 (0.54) L water per scrub, nearly one-third of amount used

at baseline. This amount was not significantly different from the
amount of water used during the AS intervention, which highlights
that a substantial amount of water can be saved by using this method.
There was no difference between the three soap-and-water methods
in the amount of time spent scrubbing, while the AS process was, as
can be expected, significantly shorter.

Marinoski et al.™! reported that using water-efficient appliances
alone can make a substantial difference in the amount of water saved
during daily use. Although successful recycling mechanisms can
increase water saving, the present study highlights that substantial
savings can be made without the need for additional infrastructure.
By extrapolating the use per scrub in our study to the entire hospital
over the period of a year, a staggering 180 000 L can be saved by
implementing a simple, yet effective change in all hand wash basins
at TBH.

Study limitations

There are several limitations to this study. The baseline and
intervention measurements were all taken over a short period of
time, with a small number of surgeons participating per intervention.
Additionally, a Hawthorne effect, where participants modified their
behaviour based on the fact that they were being observed, was
probably present even though participants were reminded not to
deviate from their usual scrubbing procedures. However, we believe
that this effect does not necessarily influence the conclusions that
should be drawn from this study, since (i) the Hawthorne effect
would have been present during the baseline measurement as well as
the intervention components, and (ii) the focus of this study was on
the robust differences in water use between the different methods,
rather than the exact amount of water used. Finally, we did not
consider the cost implications of the different interventions.

Conclusions

We believe that water use during surgical hand preparation can
easily be decreased by implementing easy and effective interventions.
Surgeon buy-in is important to ensure compliance. Ensuring that
elbow-operated taps are correctly installed, for ease of opening and
closing thereof, would equate to substantial savings over time.
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