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INTRODUCTION

GOJO’s new ES10 dispenser provides easier recyclability

of sanitary sealed refills and lower energy consumption by
integrating novel pump technology into a mounted dispenser.
This system is designed to reduce the potential for microbial
contamination while utilizing a simplified sanitary, factory
sealed cartridge system. Several key features differentiate
the ES10 from traditional dispensing systems.

OPTIMIZED DISPENSER DESIGN

In most use scenarios, the contamination risk in a
traditional dispensing system increases with product
exposure to air and the environment. According to John
Yablonski and Sharon Mancuso in the book “Formulating,
Packaging, and Marketing of Natural Cosmetic Products,”
the greatest risk for microbial insult to hand hygiene
products is the degree and frequency of environmental
exposure and transfer contamination during the reservoir
refilling process.! The design of the ES10 has been
optimized to prevent contamination by minimizing product
exposure through the use of novel design, a sanitary
sealed cartridge, and liquid-handling characteristics.

The most distinctive feature of the ES10 is the integrated
pump, which is constructed of a unique, small, foam-
generating diaphragm. The diaphragm is constructed of a
liquid-handling piston which has been optimized to minimize
fluid retention within the pump following each use. This
feature eliminates areas of low flow that trap residual liquid,
which can lead to microbial contamination.

Figure 1: ES10 Dispensing System

The ES10 reduces the risk of extrinsic contamination

in multiple ways. The liquid-handling pathway within

the dispenser was uniquely engineered to ensure the
sealing integrity of the closed-system pump is maintained
throughout the lifetime of the dispenser. The diaphragm
design was engineered to reduce the risk for liquid to leak
outside the liquid-handling piston and into the adjacent
areas of the pump. The internal pump valves are designed
to close with optimal sealing forces, reducing the potential
for liquid to leak into adjacent areas of the pump. The

inlet valve utilizes a hygienic design with a small surface
area, which eliminates the retention of liquid. These
design characteristics work synergistically to minimize

the potential for microbial contamination from design
flaws typically identified in other dispensing systems,
such as the trapping of residual liquid within the system
and resulting microbial contamination of products during
exposure to air and human intervention during use.'?3

Materials of construction were also carefully considered in
the design of the ES10. Components were carefully sourced
from materials and surface characteristics that minimize
microbial contamination.* A specially designed series of
mesh screens were chosen for use at the nozzle to aid in
optimal foam generation, resulting in minimal risk for microbial
contamination when compared to other tested materials.

Another uniquely distinctive feature that differentiates the
ES10 from other dispensing systems is the elimination of a
liquid reservoir.

ROBUST FORMULATION AND PRODUCT
PACKAGING DESIGN

The ES10 uses a holistic approach to contamination
prevention. To complement this dispenser design, GOJO
has carefully engineered the formulations and packaging
compatible with this system to minimize contamination
risks to the system. ES10 uses robustly formulated

soap, containing effective preservative chemistries

and concentrations to inhibit microbial growth® while
delivering a safe and gentle formula to the end-user.

ES10 packaging and closures are specifically designed

to prevent contamination. Product integrity is preserved
through the use of SANITARY SEALED™ bottles, which
protect the product from adulteration after leaving the
manufacturing facility. Additionally, the ES10 only accepts
the appropriate cartridge system. This technology
eliminates the concern of formula breakdown through
unintentional dilution, mixing product formats, or chemical



antagonism of preservatives through the mixing of
different formulations. The dispensing system can also
detect the amount of product dispensed from each
cartridge refill system and will not exceed the bottle
dispensing volume, therefore preventing the refilling of
bottles used with the system.?

The ES10 Dispensing system’s formulas are designed

to prevent microbial contamination throughout the shelf
life of the product. GOJO’s robust preservative testing
demonstrates that these formulas possess characteristics
that create a hostile environment for the survival and
growth of microorganisms. Products with these attributes
are considered to present a low microbiological risk for
contamination to the system

In general, products and dispensing systems of poor design
are susceptible to microbial contamination, potentially
causing fouling of the product or injury to the user.? In the
mid-2000s, GOJO conducted research on the prevalence
of and risks associated with open bulk-refillable soap
contamination. Working with Charles Gerba at the University
of Arizona, soap samples were collected from a large number
of restrooms across the United States to determine the
prevalence of contamination in open, bulk-refillable soap
dispensers. The study revealed that 19% of sink area and 45%
of shower area open, bulk-refillable soap dispensers were
contaminated with high levels of bacteria.® In a separate
study in an Ohio school district, bulk-refillable contamination
rates were greater than 90%. Furthermore, handwashing
studies conducted with students and teachers revealed that
participants had 25 times more bacteria on their hands after
washing with the contaminated soap than before washing.
These results? demonstrated that even when contaminated
soap is rinsed off, bacteria from the soap remains on the
hands.? Through careful design, testing, and research GOJO
has created the ES10 to provide a sustainable, hygienic
solution while significantly reducing microbial contamination

Figure 2: ES10 and Cartridge refill with SANITARY
SEALED™ closure.

risk to the end user when compared to traditional dispensers.
ROBUST MICROBIAL RISK EVALUATIONS

The effectiveness of the design elements described
above were confirmed by laboratory and real-world
testing. GOJO scientists completed a robust microbial test
plan, extensively reviewed by engineers and technical
experts, to understand the contamination risk to integrated
components of the ES10. A multi-year microbial evaluation
included in-use prototype dispensers, lab-based
challenge analyses, cumulative wear and materials-of-
construction analyses, and micro imaging of components.

During the in-use study, ES10 dispensers were installed

at customer locations throughout Northeast Ohio.
Dispensers were operated under normal use conditions
and were removed at predetermined time points to
evaluate varying use intervals. The lab-based challenge
study was completed by inoculating ES10 dispensers with
microorganisms of concern at regular intervals over a two-
year period; the frequency of inoculation was similar to
the expected environmental insult patterns encountered
during normal use. During this two-year study, swab and
product samples were collected from each dispenser and
evaluated for the presence of the challenge organisms.
Cumulative wear analyses were performed to demonstrate
that wear of the dispensers did not increase the risk for
microbial contamination to the integrated components.
These dispensers were arranged on an auto-actuator

to dispense a product at a predetermined interval. Each
dispenser was inoculated weekly with a microorganism

of concern until end-of-life was achieved. Dispensers
removed for evaluation: from customer locations during
the in-use study, the two-year lab-based study, and the
cumulative wear study were aseptically disassembled, and
the components were evaluated for microbial presence
using a modified version of ASTM E2871-131.




Resultsfromthein-use prototype study, lab-based challenge
analyses, and cumulative wear analyses demonstrated
low microbial contamination rates. Dispensers positive for
microbial growth had low bioburden (< 100 CFU/mL) and
the recovered microorganisms were not typical of spoilage
microorganisms or of the study inoculum where applicable.
It is important to note that hand hygiene products and
dispensers are not expected, or intended, to be sterile. The
PCPC (Personal Care Products Council) suggests product
specifications for microbial quality should be less than 1000
CFU/mL.®> The USP (United States Pharmacopeia) required
specification for microbial quality of topical products is less
than 100 CFU/mL.® The findings of these studies are well
within the guidelines of the USP and PCPC and suggest
a low risk of microbial contamination of the integrated
components of the ES10 when used as intended.

GOJO also evaluated the materials of construction for
susceptibility to microbial growth formation. The materials
were evaluated in a drip-flow reactor using a modified
version of ASTM E2647-132. The materials were evaluated
with a microorganism of concern in the presence of a control
media and a GOJO preferred formulation for the ES10. These
test materials’ susceptibility to microbial growth formation did
not increase as compared to the glass control material.

REFERENCES

In collaboration with the Center for Biofilm Engineering

at Montana State University, GOJO evaluated ES10
dispensers placed in restrooms for approximately one year
for the presence of microbial growth. These dispensers
were disassembled, and the integrated components

were stained with LIVE/DEAD BacLight Bacterial Viability
Kit stain (Invitrogen #L7012, Carlsbad, CA). The imaging
concluded that no robust microbial growth formations
were found when compared to a negative control.

CONCLUSION

The ES10 is a uniquely designed integrated pump and
cartridge refill system that reduces the risk of soap or
dispenser contamination that can be present when
compared to traditionally engineered soap dispensers.
The engineering controls incorporated into the design of
the system ensure the formulation is not susceptible to
unintentional adulteration and prevents any unnecessary
exposure of the product to the environment. Extensive
multi-year simulated use testing, robust research, and
careful design evaluation have demonstrated that the
ES10 is an effective dispensing solution that minimizes
contamination risks often identified in poorly designed
traditional systems. This coupled with strict manufacturing
controls results in the best system available.
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