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Improving the Sustainability
of APl Manufacturing with
Recycling Technologies

Cynthia A. Challener

Sustainability of small-molecule API
manufacturing ensures continued success.

mproving the sustainability of

small-molecule API manufacturing

is essential to ensuring the continued

success of the pharmaceutical indus-
try. For most APIs, however, evaluating
the global warming potential along the
whole value chain or lifecycle is difficult.
The greatest contributor to the carbon
footprint of API manufacturing oper-
ations is the use of solvents, reagents,
and precious metal catalysts, for which
significant restrictions on recycling and
reuse can exist. The major argument
against reuse and recycling is based on
product and application safety, accord-
ing to Michael Nonnenmacher, director
global business development differenti-
ating technologies with Evonik.

The ability to recycle and/or reuse
these materials, however, enables mea-
surable resource savings and carbon
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footprint reduction. “For multi-step syn-
theses, it is likely that hundreds of kilos
of raw materials are used to produce a
single kilogram of final product. It is still
common practice to incinerate most of
the waste generated from these raw ma-
terials, oftentimes resulting in tons of
carbon dioxide (CO,) per kilo product.
The possibility to recover some of these
materials or replace them with greener
alternatives would enable a tremendous
reduction of the process carbon footprint
and improve the overall sustainability of
these operations,” Nonnenmacher states.

Several advantages to recycling

Solvent and catalyst recycling offers sev-
eral significant advantages. In contrast to
incineration or other forms of disposal,
which generate substantial amounts of
CO,, catalyst and solvent recycling allow
repurposing in the same process or in
different applications with minimal en-
ergy expenditure, according to Niklaus

Kiinzle, senior director, global head of
process technology and innovation for
small molecules at Lonza. In addition to
the reduced direct CO, emissions, this
approach also necessitates less produc-
tion of raw materials, resulting in further
substantial savings in both energy and
CO, generation, he notes.

Different choices

for solvent recovery

Solvent recovery is the most practiced
recycling solution in established large-
scale processes. “For API manufacturing,
the use of recycled solvent is mostly re-
stricted to the same process and a limited
number of cycles, and a thorough risk
assessment to mitigate potential impu-
rity formation and accumulation in the
process is needed,” Nonnenmacher says.
“Since the discovery of nitrosamine im-
purities, which are potent carcinogens,
stemming from solvent degradation, re-
covery is under a lot of scrutiny, but it
should still be considered in cases where
it will result in no process risk,” he adds.
In cases where it is not appropriate to use
recycled solvent in the API production
process, Nonnenmacher observes that
it is possible to find other fine-chemical
applications where they are suitable.

Catalyst recycling options too
Recycling of expensive palladium, plat-
inum, rhodium, and other precious
metal catalysts helps not only to reduce
costs, but the carbon footprint associ-
ated with the mining and refining op-
erations necessary to obtain the metals,
notes Nonnenmacher. While solvent
recycling is often performed in-house,
the transformation of used catalysts
back into active species is typically per-
formed externally by specialized com-
panies, according to Kiinzle.

In addition, although filtration of het-
erogeneous catalysts from process wastes
is typically easy, separation of dissolved
homogeneous catalysts from oftentimes
dilute solutions requires more special-
ized technologies, comments Nonnen-
macher. “Evonik has established an ef-
ficient process for the concentration of
precious metal-containing organic waste
streams using membrane cross filtration.
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This approach enables the sustainable re-
covery of the metal at the refinery, and
thus contributes to resource saving and
carbon footprint reduction,” he says.

Consider recycling from the outset
The best strategy for realizing the
greatest benefits from recycling during
API manufacturing is to, according to
Nonnenmacher, apply the principles of
green chemistry early on during pro-
cess development. “In this manner, it is
possible to implement eco-friendly and
more sustainable raw material and API
manufacturing processes,” he notes. Key
considerations highlighted by Nonnen-
macher include avoiding the use of large
volumes of especially hazardous organic
solvents that cannot be recycled, apply-
ing process intensification approaches,
and controlling the atom economy for
waste reduction.

“Beyond these approaches, the intro-
duction of recycling concepts or reuse
options into processes right from the
beginning can facilitate acceptance by
regulatory authorities,” Nonnenmacher
contends. Performance of process and
product life-cycle analyses to generate
important sustainability metrics such
as process mass intensity and E-factor
values when a candidate is in clinical
development can, he says, help pharma-
ceutical firms and API makers visualize
and understand potential adverse steps
in the synthesis early enough, allowing
manufacturers to implement more sus-
tainable solutions.

Of course, one of the best approaches
to improving sustainability is to avoid
the use of problematic processes and
materials. “Ideally, the most elegant
solution is to minimize or completely
eliminate the use of solvents,” Kiinzle
states. Lonza therefore strives to imple-
ment process improvements in collabo-
ration with drug developers during the
early development phase. “These process
improvements aim to reduce the number
of used solvents, decrease dilution, and
enhance the process yield. Selection of
process solvents is also optimized by
considering solvents and mixtures that
are feasible to recover from process waste
streams,” he explains.
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Several solvent

recovery technologies

Recycling compounds from a complex
mixture requires efficient separation
techniques, such as rectification and
membrane separation. Continuous lig-
uid-liquid or liquid-solid separation may
also be employed, according to Nonnen-
macher. The adsorption to scavengers or
filter aids can be efficient for catalysts as
well. Immobilizing catalysts such as en-
zymes by attaching them to a solid sub-
strate also facilitates recovery and reuse,
he says.

For solvents specifically, distillation,
extraction, adsorption, and membrane
separation techniques, according to
Kiinzle. “Often,” he notes, “multiple tech-
nologies must be combined to ensure the
purity required for recycling these mate-
rials back into API processes.”

Nonnenmacher also emphasizes that
both increasing cost constraints and
sustainability ambitions are driving the
development of more efficient processing
techniques for separation, as well as more
selective processes that result in waste
mixtures that are less difficult to separate.

Many challenges to overcome
Recycling, whether of solvents or catalysts,
is often not an easy task given the com-
plex solutions used in API manufactur-
ing. “Extracting valuable materials from
complex process mixtures can be a signif-
icant challenge, especially when aiming
to restore them to a high-purity starting
quality with minimal energy consump-
tion and at minimal cost,” says Kiinzle.
Another major challenge for imple-
menting recycling solutions at both clini-
caland commercial scale is that recycling
is usually not attractive enough for small
campaigns, according to Nonnenmacher.
“It is considered a given that waste is sent
to incineration and, therefore, often-
times from a cost and effort perspective,
recycling strategies are not a priority,” he
adds. In addition, especially for smaller
API manufacturing sites that are not
fully self-sustained, there are significant
logistical constraints given that recycling
requires significant site infrastructure.
“Even if waste streams are shipped offsite
for recovery, a minimum buffer capacity

separate from other wastes needs to be
available,” Nonnenmacher observes.

Regulatory considerations

Another factor that impacts recycling
opportunities is regulatory consider-
ations. The recycling of solvents in API
manufacturing may come with potential
impurity accumulation and is therefore
scrutinized by regulating authorities, es-
pecially when considering environmen-
tal- and health-critical solvents, accord-
ing to Nonnenmacher.

For example, Nonnenmacher points
to the decomposition of dimethyl forma-
mide (DMF) to dimethylamine and the
potential for subsequent formation and
accumulation of the carcinogen N-nitro-
sodimethylamine, which makes DMF
recycling almost prohibitive.

When developing a solvent recycling
process, notes Kiinzle, it is therefore cru-
cial to ensure that no by-products accu-
mulate in the solvents, which involves
extensive laboratory and pilot testing
and continuous analysis. In addition,
whenever recycling of less critical sol-
vents is possible from a risk perspective,
Nonnemacher once again emphasizes
the importance of establishing any recy-
cling concepts during early development
and into validation and using a defined,
limited number of cycles before final
disposal. “As part of the process, the
recycling concept needs to be filed and
accepted by the authorities,” he notes.

A risk-based approach to recycling is
also required for materials other than
solvents. “In most cases, waste streams
from API manufacturing must be in-
cinerated due to the potential risk of
pharmaceuticals or other contaminants
leaking into the environment,” observes
Nonnenmacher. However, he does
comment that recycling of metals that
in principle undergo complete reset to
their original state is handled outside of
the process and not questioned by regu-
latory agencies.

Regardless of the material or tech-
nology, the best strategy is to integrate
recycling considerations into regulatory
filing activities from the very beginning,
Kiinzle concludes.

Contin. on page 33
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Previously, a silver-based disinfectant composed

of a low concentration (approximately 0.015% by
weight) of a suspension of silver was sporicidal with
a one-minute wet-contact time. The proprietary
technology, licensed by the Environmental
Protection Agency, for producing the silver particles
has been enhanced to produce more consistent
numbers and sizes of silver particles in the active
raw material. Confirmatory testing has been
performed on three manufactured lots to verify the
consistency of disinfectant efficacy in accordance
with United States Pharmacopoeia (USP) 37-
National Formulary 32.Various microorganisms,
including molds and bacterial spores, were tested
on stainless-steel coupons and demonstrated 2-6
log reductions with one-minute wet-contact times.
These evaluations were designed to demonstrate
that the enhanced disinfectant had a similar

disinfectant efficacy as the previously tested product.

Sterility testing suitability on the disinfectant was
demonstrated according to the USP. Sterility testing
on all three lots of disinfectant was satisfactory.
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A Silver-Based Disinfectant—
Non- Corroswe Non-Toxic,

Efflcacy Evaluatlons

t was previously reported that a silver-based disinfectant

composed of a low concentration (approximately 0.015%

by weight) of a suspension of silver was sporicidal with

a one-minute wet-contact time (1). The proprietary
technology for producing the silver particles has been en-
hanced to produce more consistent numbers and sizes of
silver particles in the active raw material. The new product
is licensed by the Environmental Protection Agency (EPA)
(EPA Registration Number 96194-1, 10 March 2021). Con-
firmatory testing has been performed on three recently
manufactured lots to verify the consistency of disinfectant
efficacy in accordance with the United States Pharmacopoeia
(USP) 37-National Formulary 32 (2). Various microorgan-
isms including molds and bacterial spores were tested on
stainless-steel coupons and demonstrated 2-6 log reductions
with one-minute wet-contact times. These evaluations were
designed to demonstrate that the enhanced disinfectant
had a similar disinfectant efficacy as the previously tested
product. Sterility testing suitability on the disinfectant was
demonstrated according to the USP (3). Sterility testing on
all three lots of disinfectant was satisfactory.

The antimicrobial effects of silver (Ag) have been recog-
nized for thousands of years. In ancient times, it was used
in water containers (4) and to prevent putrefaction of liquids
and foods. In 1884, silver nitrate drops were introduced as a
prophylactic treatment for the eyes of newborns, to prevent
infections caused by Neisseria gonorrhea transmitted from
infected mothers during childbirth (5). In 1928, the “Katadyn
Process” for water purification, based on the use of silver in
water at low concentrations, was introduced (6).

The bactericidal efficacy of silver and its associated ions is
through the strong binding with disulfide (S—S) and sulf-
hydryl (—SH) groups found in the proteins of microbial cell
walls. Through that binding event, normal metabolic pro-
cesses of the cell are disrupted, leading to cell death (7). There
is also evidence that after entering a cell the silver ions dis-

Pharmaceutical Technology ocToBER 2024 27



PEER-REVIEW RESEARCH

place the hydrogen bonds between adjacent nitrogen molecules
of purine and pyrimidine bases which may stabilize the DNA
helix and prevent replication of the DNA and, subsequently,
division of the cell (8).

The modified formulation of the recently tested product
has evolved from earlier formulations developed to rapidly
kill microorganisms if suspected bioterrorism attacks had
occurred (9). The disinfectant is a two-part system. Part A
is composed of a suspension of elemental silver (0.015%) in
ethanol, inert food-grade ingredients, and water. Part B is
the activator and is composed of hydrogen peroxide (H,0O,),
peroxyacetic acid, acetic acid, and water. To prepare the dis-
infectant suspension, Part B is mixed into Part A, which
activates the suspended silver in Part A. When Part A and
Part B are mixed, the combined ingredients have the per-
centages listed in Tablel.

As previously reported, the product is non-toxic to skin and
is non-corrosive (1). The new evaluations to be discussed were
performed at the Johnston Community College Work Force
Development Center in Clayton, NC. Known populations of 10
different microbial suspensions were placed on stainless-steel
carriers. The inoculated carriers were then immersed in the ac-
tivated disinfectant for one minute. After the one-minute con-
tact time, the carriers were removed and placed in a neutral-
ization broth. The broth plus carrier were then rapidly agitated
on a vortex mixer to remove any surviving microorganisms
capable of growth and subsequent contamination. Serial dilu-
tions from the broth were made and different dilutions plated
onto growth media to determine the number of survivors and
subsequently the log reduction from a positive control. The
experimental design was developed from guidance in USP 37
<1072> (2).

Some disinfectants can be terminally sterilized; others are
sterile filtered and aseptically filled into sterile containers. Be-
cause the active ingredient in the tested product was suspended
silver particles, sterile filtration could potentially remove some
silver and, therefore, alter the active ingredient concentration.
The most common method of terminal sterilization for disin-
fectants is gamma irradiation; however, because H,O, is not
stable when irradiated, the final packaged product cannot be
terminally sterilized. Competitive products that cannot be, or
are not, sterilized are routinely tested for sterility according to
USP, General Chapter <71> Sterility Tests (3). This document
will provide the method suitability evaluation to demonstrate
the effectiveness of the sterility test method.

During development of the sterility test method described
herein, several method approaches were evaluated. Those
methods included direct inoculation, disinfectant dilution, use
of neutralizers, membrane filtration, different rinse solutions
and volumes. The finalized USP <71> Sterility Test for this
disinfectant is described in this protocol.

Materials and methods
Ten microbial preparations were used as challenge organisms for
the disinfectant on 316L stainless-steel surface coupons. Suspen-
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Table I. Percentage of ingredients in activated product
(EPA Registration Number 96194-1, 10 March 2021).

Chemical Weight %

Silver (elemental) 0.015
Ethanol 10.000
Hydrogen peroxide 0.220
Peroxyacetic acid 0.150
Acetic acid 0.150
Inert food-grade ingredients 0.175
Water 89.290

sions of the organisms were inoculated onto the carriers (approx-
imately 1 x 3 cm). All studies were performed with a one-minute
contact time. The following microorganisms were tested:

o Five Bacillus cultures

o One Clostridium culture

o One Burkholderia culture

+ One Candida culture

o Two Aspergillus cultures.

A summary of the disinfectant efficacy evaluation is pre-
sented in Table|l.

Sterility test suitability. The sterility test design is summarized
as follows:

+ A closed membrane filtration sterility testing system
(Steritest NEO, EMD Millipore) has been widely used
throughout the pharmaceutical industry for more than
30 years. A new system is now available with a low absorp-
tion membrane cartridge with a specific drain design that
optimizes the rinsing of products that inhibit microbial
growth (Steritest NEO Antibiotics PVDF, EMD Millipore).

« USP <71> lists three rinsing solutions that can be used
for membrane filtration sterility testing. Those are Fluid
A, Fluid D, and Fluid K. Fluid K is used for testing speci-
mens that contain petrolatum, oils, or oily solutions, and
for samples that are “difficult” to filter or dissolve. Fluid
K was chosen for these evaluations.

o The routine sterility testing media, fluid thioglycolate me-
dium (FTM) and soybean-casein digest (SCD) medium,
as specified in USP <71>, were used in these evaluations.

 Tryptic soy agar and blood agar plates were used for ver-
ification counting. An anaerobe jar was used to incubate
the C. sporogines blood agar plates.

o Test microorganisms were used from microbial prepara-
tions from isolated environmental recoveries or standard
preparations (BIOBALL, bioMérieux).

o Test microorganisms are listed in Tablelll.

Neutralizer broth. After the inoculated carriers were exposed
to the disinfectant or saline, they were immediately placed into
tubes of neutralization broth (Dey-Engley [DE]).

Procedures—disinfectant efficacy. The disinfectant efficacy
evaluations are summarized as follows:

o Bacillus species were grown on Arret and Kirshbaum (AK)
sporulation agar and harvested in the log phase of growth



Table Il. Disinfectant efficacy test combination summary.
NCTC is National Collection of Type Cultures; NCCPF is

Figure 1. Cultures ready for harvesting.

National Culture Collection of Pathogenic Fungi.

Materials
Summary

Sanitizers e Disinfectant—Three different lots were
tested, Part A lots:

e 1102306

e 1162306

e 1242306

e Part B Lot 2208-003

Neutralizer ¢ DE Neutralizer Broth

Surface types e 316L Stainless-steel coupons

Bacillus cereus—environmental isolate*
Bacillus cereus—NCTC No. 7464
Bacillus pumilus—environmental isolate*

Microorganisms | e
[ ]
[ ]
e Bacillus subtilis—environmental isolate*
L]
L]

Bacillus subtilis—NCTC No. 10400
Aspergillus species—environmental

isolate*” o The challenge cultures were enumerated on appropriate
. ':szrzg;gus niger (brasiliensis)—NCCPF media by serial diluting and plate counting using the
0.

spread plate method (see Figure 1).

e Candida albicans—NCCPF No. 3179 £ ) .
o The stainless-steel surface carriers were sterilized by au-

e Burkholderia cepacia—NCTC No.10743

e Clostridium sporogenes—NCTC No. 3179 toclaving.
“Generously provided by a supporting o The carriers were processed in a Class I biosafety cabinet
pharma company in the Clayton, NC area. (BSC):

+ With sterile forceps, 10 carriers were placed into four
individual sterile petri dishes and labeled as the follow-
ing: Test article—three carriers; positive (+) control—
three carriers; neutralization controls—three carriers;
and negative (-) control—one carrier.

+ 100p.L of the challenge organism suspension was dis-
persed onto each of the positive control carriers and
each of the test carriers.

+ The suspension was spread evenly on the carriers (see
Figures 2 and 3).

 The suspension was air dried on each carrier in the bio-
safety cabinet. (Petri dish covers were left off the petri
dishes under the BSC.)
Processing the carriers. The processing of the test carriers is
summarized as follows:
with sterile 70% isopropyl alcohol (IPA). It was confirmed =~ « Testand neutralization test carriers (three carriers of each

Table lll. Sterility suitability test microorganisms. NCTC
is National Collection of Type Cultures; NCCPF is

National Culture Collection of Pathogenic Fungi.

Strain number
NCCPF No. 2275
NCTC No. 7464
NCTC No. 10400
NCTC No. 10743
NCTC No. 3179
NCTC No. 3179
NCTC No. 12924
NCTC No. 10788

Microorganism

Aspergillus niger
Bacillus cereus

Bacillus subtilis
Burkholdaria cepacia
Candida albicans
Clostridium sporogenes

Pseudomonas aeruginosa

Staphylococcus aureus

that the suspension was a uniform spore suspension (few
vegetative cells) by performing a spore stain on a sample of
the suspension. The Clostridium was grown on 5% sheep
blood agar harvested after 48 hours with sterile saline. The
Burkholderia was grown on tryptic soy agar (TSA) and
harvested in the log-phase of growth with sterile saline.
The Aspergillus was grown on TSA and harvested with
sterile saline containing 0.1% Tween 80. (The surfactant
enhanced removal of the mold mycelia from the agar
surface.) A four-day culture of mold was harvested and
resulted in substantially dispersed mold filaments and/or
Aspergillus conidia after vigorous agitation with a vortex
mixer. The Candida was grown on TSA for 48 hours and
harvested with sterile saline.

for each microorganism):

¢ Activated product (Parts A and B mixed) was poured
into the petri dishes covering the surface of each of the
three “Test” carriers and each of the three neutraliza-
tion carriers so that the entire surface of each carrier
was covered with disinfectant.

The surface of the carriers remained in contact with
the disinfectant for a maximum of one minute, timed
with a calibrated stopwatch. That established the

“wet-contact time.”

Using sterile forceps, each carrier was tapped on its
side on the surface of the petri dish to allow excess
disinfectant to drain off the carrier.

+ One of the three uninoculated neutralization carriers

*

*
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« Sterile saline was poured into the petri dish containing
the three inoculated positive control carriers and the
petri dish containing the uninoculated single carrier,
so that the entire surface of the carriers was immersed
in the saline.

¢ The carriers remained in contact with the saline for a
maximum of one minute.

+ Using sterile forceps, each carrier was tapped on its side
on the surface of the petri dish to allow excess saline
to drain off the carrier.

¢ FEach of the carriers was placed into separate tubes con-
taining 4 mL sterile neutralizing broth. Each carrier
was fully immersed in the broth.

+ Each tube containing the coupon in neutralizing broth
was agitated with a vortex mixer vigorously for a max-
imum of one minute at a moderate speed before mi-
crobial enumeration was performed.

¢ Ten-fold dilutions from the positive control neutral-
ization tubes (1 mL neutralization broth into 9 mL
sterile saline) were made until the expected dilution
containing 10-100 colony forming units (CFUs) per
0.1 mL inoculum was achieved.

+ Microbial enumeration testing:
+ Negative control carriers:
= 0.1 mL of the negative control neutralizing broth
was transferred to each of three sterile TSA plates
and the inoculum spread over the surface of each
plate.

+ Positive control and test carriers:

= Ten-fold dilutions were made from the neutralizing
broth for each positive control and “Test” carrier.
The 100 and 10-1 dilution of the “Test” carriers, and
the 10-2 through 10-4 dilutions of the positive con-
trol carriers were plated.

= 0.1 mL of each test dilution was transferred onto
each of three TSA plates (blood agar for C. sporo-
genes) and the inoculum spread over the surface of
each plate.

+ Neutralization test carriers [See USP 37 <1227> (10)]

= 0.1 mL ofless than 100 CFU/mL of the test microor-
ganism was transferred into each of the three tubes—

Figure 2. Inoculating carriers.

was placed into a tube containing 4 mL of sterile sa-
line. The other two carriers were carefully inserted into
separate tubes containing 4 mL DE neutralizing broth.
Each of the “Test” carriers was placed into a tube of
neutralizing broth. Each carrier was fully immersed
in the broth.

Each tube containing the test carriers and neutralizing
broth or saline was then agitated with a vortex mixer
vigorously for a minimum of one minute at a moderate
speed before microbial enumeration was performed.
Ten-fold dilutions of the vortexed test carrier in
neutralizing broth were made (1 mL into 9 mL
sterile saline).

Positive and negative control carriers:
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two tubes each containing 4.0 mL of neutralization
broth plus carrier and one tube containing 4 mL of
sterile saline plus carrier. Each tube was then vor-
texed and 0.1 mL from each tube was plated onto
three TSA plates. The appropriate dilution was cal-
culated from the microbial suspensions prepared as
challenge cultures.

+ All plates were incubated at 32 °C + 2 °C for 18-48

hours. Aspergillus cultures were incubated for 48-96
hours. (When colonies were visibly distinct, they were
countable.)

+ All plates were counted and the minimum population

reduction (efficacy) of the test carriers was determined
as follows: [Log of the mean surviving population of



Figure 4. B. pumilis positive controls (3 dilutions).
Controls

the positive controls] minus [Log of the mean surviv-
ing population from the product test carriers] (see
Figures4and 5).
Acceptance criteria. The acceptance criteria for the disinfectant
evaluation is summarized as follows:

o For a test to be valid, the average recovery from the posi-
tive control carrier must be sufficient to demonstrate the
required log reduction.

o The negative control should not contain presence of
growth.

« For a disinfectant to be efficacious against a test or-
ganism the minimum population reduction must be
> 3-log reduction for vegetative bacteria and fungi. A
sporicidal disinfectant must show a minimum 2-log
reduction of bacterial spores (2). If the duplicate tests
are not within 1 log of each other, the test is consid-
ered invalid. The acceptance criteria have been se-
lected based on the sterility assurance level (SAL) of
10-3 for a sanitization process (2,11).

o Theaverage count of the neutralization test carriers should
be no less than 20% of the count of the saline neutraliza-
tion control.

Procedures—sterility and suitability testing. The sterility test
procedure is summarized as follows:

o The disinfectant will be activated and mixed thor-
oughly.

o Pre-wet the filters in the test cannisters with 100 mL
of Fluid K.

o Filter 40 mL of activated disinfectant through the ste-
rility testing system (Steritest NEO Antibiotics PVDF,
EMD Millipore).

« Filter 400 mL of Fluid K through the the sterility testing
system (Steritest NEO Antibiotics PVDF, EMD Milli-
pore).

+ Inoculate 100 mL Fluid K with 0.1 mL of the microbial
preparation and filter it through the sterility testing sys-
tem (Steritest NEO Antibiotics PVDF, EMD Millipore).
Also, inoculate 0.1 mL onto three verification plates.

+ Load Fluid Thioglycolate Medium Medium (FTM) and
Tryptic Soy Broth (TSB) into testing cannisters, close

Figure 5. Product test.

Test Lot .

and place in appropriate incubation conditions. (20-25 °C
for the mold and yeast, 30-35 °C for bacteria. Incubate
C. sporogines in an anaerobe jar.)
 Incubate sterility test cannisters for a minimum of 14
days. Read verification plates as appropriate.
Acceptance criteria. Verification plates must be between
10-100 CFUs. Growth should be observed in all sterility test
cannisters except the SCD for the C. sporogines.

Results
The efficacy results are summarized in Table IV.

o There was no growth from negative controls. All neu-
tralization evaluations were satisfactory. The average
count from the neutralization tubes was not less than
20% of the counts from the saline control.

As reported previously, “the product Part B is composed
of hydrogen peroxide and peroxyacetic acid, the active in-
gredients in some commonly used sporicides, an evaluation
was performed to determine if Part B mixed with sterile
water for injection at the same concentration as when mixed
with Part A of the product, would give similar results as with
the activated product. That is, the evaluation was intended
to demonstrate that the silver component was critical to
the efficacy of activated product. The Part B was combined
with four liters of Sterile water and tested on stainless steel
coupons. Only a 1.2-log reduction of B.cereus was achieved
compared to a >3.9 log-reduction with the same lot used in
the activated product” (1).

The sterility test suitability evaluations results are listed
in TableV.

Sterility test results
There was no growth observed from sterility tests on all
three lots of disinfectant: 1102306, 1162306, and 1242306.

Discussion

All disinfectant efficacy test results were consistent with the
results reported previously (1). The two strains of B. subtilis
appear to have a lower level of kill than the other microor-
ganisms. That was likely because of the physical problems
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Table IV. Results: All coupons—one minute contact time. NCTC is National Collection of Type Cultures; NCCPF is
National Culture Collection of Pathogenic Fungi.

Product art A Lot No. Activated | Date Microorganism Log reduction** Average of three
with Lot 061019 Part B lots of product
1102306 15 May 2023 B. pumilus-Environmental Isolate 5.4

1162306 15 May 2023 B. pumilus-Environmental Isolate 5.4 220
1242306 15 May 2023 B. pumilus-Environmental Isolate 5.4

1102306 17 May 2023 B. subtilis-Environmental Isolate 2.3

1162306 17 May 2023 B. subtilis-Environmental Isolate 2.6 2.37
1242306 17 May 2023 B. subtilis-Environmental Isolate 2.2

1102306 21 May 2023 B. subtilis-NCTC 10400 3.6

1162306 21 May 2023 B. subtilis-NCTC 10400 33 3.43
1242306 21 May 2023 B. subtilis-NCTC 10400 3.4

1102306 21 May 2023 B. cereus-Environmental Isolate 3.5

1162306 21 May 2023 B. cereus-Environmental Isolate 55 4.33
1242306 21 May 2023 B. cereus-Environmental Isolate 4.0

1102306 22 May 2023 B. cereus-NCTC 7464 4.4

1162306 22 May 2023 B. cereus-NCTC 7464 3.9 g
1242306 22 May 2023 B. cereus-NCTC 7464 4.2

1102306 20 May 2023 Aspergillus sp.-Environmental Isolate | 4.1

1162306 20 May 2023 Aspergillus sp.-Environmental Isolate | 4.1 410
1242306 20 May 2023 Aspergillus sp.-Environmental Isolate | 4.1

1102306 20 May 2023 A. brasiliensis-NCPF 2275 4.3

1162306 20 May 2023 A. brasiliensis-NCPF 2275 43 A
1242306 20 May 2023 A. brasiliensis-NCPF 2275 4.3

1102306 24 May 2023 C. albicans-NCPF 3179 6.0

1162306 24 May 2023 C. albicans-NCPF 3179 6.0 5/¢
1242306 24 May 2023 C. albicans-NCPF 3179 5.1

1102306 25 May 2023 Burkholderia cepacia- NCTC 10743 3.8

1162306 25 May 2023 Burkholderia cepacia- NCTC 10743 | 3.8 Y
1242306 25 May 2023 Burkholderia cepacia- NCTC 10743 3.8

1102306 25 May 2023 Cl. Sporogenes-NCTC 3179 3.2

1162306 25 May 2023 Cl. Sporogenes-NCTC 3179 3.2 3.20
1242306 25 May 2023 Cl. Sporogenes-NCTC 3179 3.2

“Log difference between Positive Control and “Test”

Table V. Sterility test suitability results. TSB is Tryptic Soy Broth.

Microorganism Verification count results

Aspergillus niger 26 27 18 24 Growth Growth
Bacillus cereus 8 12 14 11 Growth Growth
Bacillus subtilis 44 50 39 44 Growth Growth
Burkholdaria cepacia 78 69 72 73 Growth Growth
Candida albicans 49 44 56 50 Growth Growth
Clostridium sporogenes 37 49 32 39 No Growth Growth
Pseudomonas aeruginosa 56 69 59 61 Growth Growth
Staphylococcus aureus 32 34 35 30 Growth Growth
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observed with both strains when grown on TSA. The col-
onies tended to form a mat as they grew on the surface of
the agar. The mat was difficult to break up into individual
or small clusters of cells by simply mixing at a high rate
with a vortex mixer. Therefore, when placed into a dilu-
ent the inoculant was in clumps. That created difficulty in
achieving high counts from the positive controls. Perhaps
a better method of mixing or sonication to break up the
cells or clumps of cells in the mat growing on TSA could
be implemented.

The suitability test results demonstrated the validity of
the test method utilizing Fluid K and the membrane car-
tridge for the filtration and subsequent sterility evaluation
of the disinfectant. All three lots of disinfectant passed the
sterility test.

Conclusion

With a one-minute wet contact time, a minimum of 2-log
spore reduction was observed using all three lots of this for-
mulation for all Bacillus and Clostridium species tested—all
surfaces tested were 316L stainless steel.

A 3.8 to 6.0-log reduction for other species, including
mold, was observed. There was no growth from validated
sterility testing on three lots of the formulation. The for-
mulation is non-caustic to stainless steel and has minimal
safety issues (use of protective gloves suggested, no respira-
tors required, passes Draize rabbit eye safety test) (1,12). The
results demonstrated that the newly formulated product and
active ingredient were comparable to the product previously
tested in 2015.

DEVELOPMENT
— Contin. from page 20
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Ongoing innovation

Recognition of the importance of in-
creasing the sustainability of phar-
maceutical manufacturing opera-
tions is driving investment in many
new technologies and solutions, in-
cluding those for recycling. “Current
and future innovation in many fields
will contribute to the sustainability
of API manufacturing and recycling
of process components. Those inno-
vations may come from established
fields like from physical separations,
or from research areas less obviously
related, such as more in-depth pro-
cess development supported by arti-

ficial intelligence resulting in more
efficient production methods and
cleaner off-streams, which would
be easier to recycle,” Nonnenmacher
comments.

Lonza, for instance, is working to
enhance its entire infrastructure to
enable the realization of additional re-
cycling solutions, according to Kiinzle.
One example is the expansion of per-
vaporation capacities in Switzerland,
which allow the company to process
challenging mixtures with minimal
energy expenditure. Lonza is also ap-
plying new oxidation and enzymatic
technologies for wastewater treatment

that involve significantly reduced en-
ergy consumption.

Evonik, meanwhile, is leveraging
fundamentally different approaches
to how pharmaceutical chemistry
is performed. One example is the
Chemistry in Water platform the
company is developing and using
for the manufacture of active in-
gredients. “This technology allows
significant reduction of organic sol-
vent consumption, oftentimes com-
bined with offering superior reaction
performance, such as in the field of
cross-coupling reactions,” Nonnen-
macher says. PT
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