
Containment performance of semi-continuous 
tablet coating equipment 

handling of potent and highly potent APIs is the selection of 
adequate containment equipment. These include isolators, 
contained transfer systems, and other contained chemical 
and pharmaceutical process equipment and represent 
considerable investment for an organization. Understanding 
the range of devices available, their advertised containment 
performance, and verifi cation of this performance is a 
necessary pre-requisite for an organization embarking on a 
project to handle potent and highly potent APIs.

OPERATION OF SEMI-CONTINUOUS COATING TECHNOLOGY 
VERSUS TRADITIONAL BATCH COATING TECHNOLOGY
Pharmaceutical products manufactured in tablet form 
will frequently be coated as a fi nal step of the production 
process.  The fi lm coating applied may, for example, mask 
an unpleasant taste, improve the mechanical strength or 
change the release profi le of the drug.  For traditional tablet 
fi lm coating equipment, a batch of tablets is charged into the 
coating drum via a front door. Coating is achieved by spraying 
a polymer-based fi lm-coat onto the slowly rotating tablets; 
weight gains of fi lm-coat are typically 2%/hour, depending on 
the solids content (SC) of the coating suspension.

A semi-continuous coater has recently been introduced 
onto the market (Figure 1) which features automated 
contained charging via butterfly valves. Depending on the 
solids content of the coating suspension and the spray rate, 
up to 6-7 kg of tablets can be charged and coated over a 
cycle time of 5 to 20 minutes. The enhanced processing 
speed is due to the unique arrangement where the fi lm is 
sprayed upwards onto cascading tablets. The coated tablets 
are automatically discharged from the drum prior to the 
cycle continuing with a charge of the next sub-batch of 
tablets.  The coater can be operated either in a continuous 
manufacturing line or in a stand-alone set-up mode.

API exposure potential comparisons between the 
operation of the two technologies focuses on the 
charging operation, as exposure potential from the 
discharged coated tablets is normally low. Bulk charging 
of tablets into a traditional coating device does not 
feature inherent control; additional control measures 
may be needed due to generation of airborne material 
created from friable tablets during the loading process. 
By contrast, loading of the semi-continuous coater is fully 
enclosed and automated so that control is inherent to the 
operation of the new device.
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ABSTRACT - Potent and highly potent active pharmaceutical 
ingredients have the potential to cause adverse health effects 
in workers at very low airborne concentrations. 
The use of containment equipment during manufacture 
of oral solid dose pharmaceutical products, as part of a 
systematic approach to potent compound safety, is advised 
to control worker exposure. Containment performance for 
a “new generation” tablet fi lm coating device, capable of 
continuous and batch fi lm coating, has been assessed during 
three phases of operation: fi lm coating, disassembly and 
cleaning.  The results of these assessments provide data for 
emissions of airborne material, associated with each of these 
three phases, to allow potential users of this equipment to 
determine suitability for their application.

SAFE HANDLING OF POTENT ACTIVE 
PHARMACEUTICALS
The manufacture and production of pharmaceutical 
products containing potent and highly potent 
active pharmaceutical ingredients (APIs) is 
becoming commonplace in the pharmaceutical and 
biopharmaceutical industries. Safe handling systems to 
protect a healthy workforce against the adverse effects 
of these materials are routinely applied by many of the 
large multi-national (bio)pharmaceutical manufacturing 
companies and are increasingly being taken up by smaller 
companies and contract manufacturing organizations.

Based on toxicological evaluations, APIs can be placed 
into control bands depending on their hazards and 
potency. This is the fi rst step in a systematic approach 
to ensure worker safety when handling potent and highly 
potent APIs. Each control band should be associated 
with a safe handling guideline (2) which describes in 
detail how a material of that potency should be handled 
according to the environment (research, development, 
or commercial-scale production) encountered in the 
workplace. In general, most parties defi ne a potent API 
as one with an occupational exposure limit (OEL) at or 
below 10 µg/m3 and highly potent API as having an OEL 
below 1 µg/m3. Though there are a number of factors 
which must be considered to control worker exposure, 
one of the most important approaches to ensuring safe 
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DETERMINING 
THAT A 
PRODUCT CAN 
BE PROCESSED 
SAFELY
All pharmaceutical 
manufacturing 
equipment will 
release API 
into the work 
environment during 
manufacturing 
operations. 
The extent of this 
release can be 
quantified using 
tried and tested 
industrial hygiene 
measurement 
techniques which 
can determine the 

inherent “containment” of the manufacturing equipment; 
in other words, the extent that the equipment contains the 
product within the equipment during normal operations.  
The results of a containment determination, stated as a 
concentration of the API in air (typically in µg or ng per 
metre cubed), should be below the occupational exposure 
limit (OEL) of the API in the product, to demonstrate 
the safety of the process. General guidance on the 
techniques that are applied to determine the containment 
of equipment, is available (3). This guidance references 
the use of a surrogate material to replace the API during 
the initial assessment. The approach of carrying out any 
initial measurements with a low toxicity surrogate (such as 
lactose, mannitol, or naproxen sodium) is widespread in the 
pharmaceutical industry; it allows the required data to be 
generated, prior to use with potent API, to demonstrate that 
the equipment is capable of containing that API and provide 
assurance that the product can be processed safely.

The concept and outcome of a containment performance 
assessment is not the same as a personal exposure 
assessment to an API. The concept of a containment 
performance assessment relates to the effectiveness of a 
device to prevent emissions of the API. This is assessed 
using (mainly) area samples and personal samples; the 
concentrations found are averaged over the task period and 
can indicate acceptable containment or containment failure. 
By contrast, for a personal exposure assessment the focus is 
on the airborne concentration that the employee is exposed to, 
this can only be assessed using personal samples worn by the 
employee; in this case the concentrations are averaged over 
eight hours (or the reference period of the OEL). 

For this project, mannitol was chosen as the surrogate 
and the airborne surrogate concentration was quantified 
by drawing air into IOM sampling heads with volumetric 
flow of 2.0 litres/minute. The IOM filter cassette samples 
were analysed by the SafeBridge AIHA accredited analytical 
laboratory, applying the validated method, using HPLC and 
electrochemical detection. 

AIRBORNE RELEASES ASSOCIATED WITH OPERATION OF 
THE SEMI-CONTINUOUS COATER
The inherently enclosed operation of the semi-continuous 
tablet coater should significantly reduce potential for exposure 
to API during coating operations. However, the exact extent 
of the control afforded and the potential for exposure during 
disassembly and cleaning had not been quantified. SafeBridge 
initially met with the vendor at their demonstration facility in 
Wommelgem, Belgium, in the autumn of 2017 to agree on 
objectives and approach to the project. Following detailed 
discussions, it was agreed that the coating operation, 
disassembly and cleaning tasks would each be assessed 
separately and, in accordance with the ISPE Guide, that each 
task would be assessed three times (three test runs).  
To provide representative data, it was agreed that each test run 
would involve two hours of coating, followed by disassembly 
of the equipment, then cleaning of all parts in a separate 
washroom.  The combined operations would involve coating 
180 kg of tablets containing 5% of mannitol surrogate, over 
three test runs. Prior to the assessment, arrangements were 
made to produce these tablets and to develop a strategy 
to “isolate” the tablet feed to the coater (as this part of the 
process was not included in the assessment).

PREPARING FOR THE ASSESSMENT: PREDICTING, AVOIDING 
AND VERIFYING FACILITY CONTAMINATION
The objective of the project was to quantify emissions 
of surrogate generated during operation of the tablet 
coater. However, from significant experience of surrogate 
assessments elsewhere, it was known that there were potential 
issues which could lead to facility contamination that would 
invalidate the results. The two key issues to be addressed were 
firstly the potential for general facility contamination during 
production of the surrogate tablets and secondly delivery of 
the uncoated surrogate tablets to the coating equipment.  
Open handling of mannitol, or mannitol tablets, had the 
potential to generate airborne contamination; this could result 
in background mannitol present at concentrations above the 
containment capability of the coating equipment. 
This would invalidate the assessment (which was trying 
to show absence of mannitol). To reduce these risks, two 
strategies were implemented. Firstly, to avoid potential 
contamination of the test facility during production of the 
tablets containing the mannitol surrogate, GEA arranged 
for production of the 180 kg of tablets at a separate facility. 
Precautions were put in place (double bagging of tablets, 
cleaning of the test room following tablet handling), to prevent 
contamination of the mannitol-free test facility.

The second 
potential source of 
contamination was 
charging uncoated 
surrogate tablets into 
the coating equipment. 
Since the tablet 
coating device was 
designed to operate 
with a contained feed 
mechanism, which 
was not included in 

Figure 1. Semi-continuous coater set 
up for surrogate assessment.

Figure 2. Flexible isolator designed to 
hold the surrogate tablets.
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HPAPIs

The location and 
timing of each of 
the samples had 
previously been 
developed, agreed 
and documented 
in a sampling plan, 
so that airborne 
emissions during 
each of the key 
activities, were 
captured.

ACTIVITIES: PHASE 1, PHASE 2 AND PHASE 3
Phase 1 (tablet coating) simulated routine operation 
of the coating equipment; tablets were continually 
supplied to the coating machine via the vibratory feeder 
(simulating the tablet press) located within the flexible 
isolator (Figure 4). The equipment ran for two hours 
during which time the coater charged and discharged 
ten times, coating a total of 60 kg of tablets.

Phase 2 (disassembly) operations had been identified 
as having high and low risk tasks.  The low risk tasks 
were disassembling of equipment parts that had been in 
contact with coated tablets (Figure 5), the higher risk tasks 
where those where there had been equipment contact with 
the uncoated tablets (Figure 6).  The Phase 2 assessments 
were therefore designed to minimise potential cross-
contamination that might occur from high risk samples 
to low risk samples, and to obtain data specific to each of 
the tasks.  This was achieved by completing assessment 
of the low-risk tasks prior to assessment of the high-
risk tasks and by locating samples close to each of the 
disassembly tasks conducted and collecting air samples 
only during the period of each task.

Phase 3 (cleaning) was carried out once all the 
equipment had been disassembled, capped and moved 
to the washroom. Various cleaning activities (Figure 7) were 
conducted at distinct locations; tasks were assessed by 
separate samples.

RESULTS INTERPRETATION
Results for measurements of airborne particulate are 
normally variable; it is not unusual for results to display 
significant variation both by location and from day to 
day.  This is because airborne particulate material is 
not homogeneous and can exist in plumes or streams; 
measured airborne concentrations can easily vary 
by a factor of ten between two locations less than a 
metre apart and also vary significantly from one day to 
another (e.g., for the same sample location and task, the 
result might be a non-detect on the first day followed 
by a relatively high concentration on a subsequent 
day).  Low variability of results suggests good control 
whereas high variability suggests poor control.  Airborne 
concentrations will also be affected by the percentage 
of API present in the tablets; conclusions offered in the 
summaries below assume that the percentage of API in 
tablets processed is 5%.

the assessment, alternative arrangements were agreed and 
implemented.  A flexible isolator was designed and installed, 
capable of holding the entire quantity of 180 kg of tablets 
to be used for the assessment (Figure 2). The tablets were 
delivered to the coater by manually charging into a vibratory 
feeder within the flexible isolator and then into the coater by 
vacuum transfer.

Contamination from discharge of the coated surrogate 
tablets was assumed to be a lower exposure risk; 
however to ensure this did not contribute to any 
fugitive contamination, the tablets were collected, via 
an extraction system, into a cyclone which was then 
emptied into a hopper via a split butterfly valve (Figure 3).  
This arrangement included a procedure to replace the full 
hopper after every three cycles of the coater.  

ASSESSMENT OF SURROGATE EMISSIONS
The project arrangements were made and approximately 12 
months after the initial discussions, a week was allocated on 
site, to carry out the assessment. Assessment operations 
were divided into three agreed phases, phase 1 (coating 
operations), phase 2 (coating equipment disassembly) and 
phase 3 (cleaning of equipment in a separate washroom).  
The first test run of the three tasks was conducted on the 
first day followed by cleaning of the facility and re-assembly 
on the 2nd day.  The assessment was then repeated on day 3 
and day 5 so that three sets of airborne surrogate data were 
generated for each of the three phases. 

Figure 3.  Collection of coated tablets into hopper via split butterfly 
valve.

Figure 4. Vibratory feeder for charging 
tablets inside flexible isolator.
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The results discussed below are presented as actual 
data, no statistical analysis has been applied.  
Section 7 of the ISPE Guide recommends that statistics 
are applied to containment performance data. 
However, Section 7 demonstrates that there is no 
industry consensus over the statistical technique to 
be applied. Nor is there consensus over the related 

Figure 5. Low risk task, disconnecting coated tablet hopper.

Figure 6. Higher risk task: dismantling uncoated vacuum hopper.

Figure 7. Cleaning capped coating drum in washroom.

threshold of acceptability against a containment target 
(acceptability thresholds we are aware of vary from 10% 
to 50% of the containment target). Given this situation, 
it is recommended that when reviewing this data an 
appropriate and agreed statistical approach is applied.

VERIFYING ABSENCE OF FACILITY CONTAMINATION
Applying precautions to prevent extraneous 
contamination of the facility with surrogate are an 
essential part of any containment assessment. 
Absence of surrogate prior to the assessment and 
control of unwanted sources during the assessment 
should be verified by measurement.  Background 
samples collected before each test run confirmed 
the absence of airborne mannitol (below the limit of 
quantification). During operations, further samples 
demonstrated the absence of contamination associated 
with operation of the flexible isolator.  Airborne mannitol 
was detected at the exhaust from the coated tablet 
collection hopper during the second test run (22 ng/m3), it 
is possible that this affected results of samples collected 
elsewhere, however the correlation was weak; this fi nding 
did not appear to signifi cantly affect the results.

RESULTS SUMMARY FOR COATING OPERATIONS 
(PHASE 1)
The phase 1 results reflect the low emissions from 
the equipment during normal coating operations. 
During each of the three assessments (test runs 
1, 2 and 3), the tablet coating equipment operated 
for two hours. Between each of the three coating 
assessments the equipment was completely 
disassembled, cleaned and re-assembled. 
Since the release of particulate matter will depend 
on the integrity of joints and seals, the results also 
reflect the design of the equipment to prevent leakage 
and the ability of the operators to correctly re-
assemble the coating equipment.

Comparing results over the three test runs, the 
variability of airborne surrogate concentrations was 
low; personal results varied between 4 – 6 ng/m3 and 
of the 18 proximate area samples, 94% were between 
4 – 6 ng/m3 with one sample (located adjacent to 
the tri-clamp below the vacuum hopper) recording 
22 ng/m3.  These results demonstrate containment 
that is potentially suitable to allow coating of tablets 
containing highly potent API.

RESULTS SUMMARY FOR DISASSEMBLY (PHASE 2) 
Disassembly of processing equipment, contaminated 
with residual API, will release contamination. 
Therefore, elevated airborne concentrations, 
compared to those during operation, are to be 
expected.  Two key factors affecting the release 
of airborne API during disassembly include: the 
equipment design and the working practices of 
the operators. A procedure had been developed 
for disassembly which included minimisation of 
contamination release.This procedure was followed 
with care for each of the assessments.
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The assessment of phase 2 was split into low-risk 
and high-risk activities, the lower risk disassembly 
activities were carried out first. Comparing results 
over the three test runs for the lower risk activities, 
the personal samples varied between 26 – 47 ng/m3 
whereas personal results for the higher risk activities 
varied between 50 – 92 ng/m3.  Corresponding 
proximate area samples had similar concentration 
ranges (12 – 112 ng/m3 and 12 – 93 ng/m3) for the 
lower risk and higher risk activities, respectively and 
the average result was only slightly higher for the 
higher risk activities (36 ng/m3 vs. 29 ng/m3).

The above results should be viewed in context; a 
potent API is defined as having an occupational 
exposure limit of 10 µg/m3 or less, so that 
although airborne concentrations are higher during 
disassembly than during coating and may not be 
suitable (without additional controls) for a highly 
potent API; these concentrations are below the 
threshold for a potent API.

RESULTS SUMMARY FOR CLEANING (PHASE 3)
Where contaminated equipment is cleaned without 
controls, significant concentrations of airborne 
material are likely to be generated. 
The concentrations generated can be significantly 
affected by the nature of the task conducted and any 
mitigating techniques applied.  

The assessment of airborne surrogate during the 
cleaning tasks conducted, differed between the various 
tasks and demonstrated that personal exposures were 
significantly higher than in either of the other tasks 
(314 – 416 ng/m3) with the majority of this exposure 
being related to cleaning small items at the sink.

The airborne concentrations recorded during these 
cleaning activities were higher and more variable than 
for the phase 2 operations so that additional controls 
should be applied to key tasks.

SUMMARY AND CONCLUSIONS
A method has been developed to reliably assess 
airborne emissions associated with the operation 
of the semi-continuous tablet coating equipment. 
The data generated demonstrates that emissions 
are sufficiently low to potentially allow highly potent 
products to be processed. Airborne concentrations 
associated with disassembly and cleaning were also 
recorded, the data will allow potential users to assess 
the suitability of the equipment when processing 
products, by comparing data against the product 
occupational exposure limit.

LIMITATIONS
Due to the inherent variability of airborne particulate 
data generated when assessing the containment of 
pharmaceutical equipment, it is recommended that a 
statistical approach is applied to data interpretation 
and comparison of data with limit values.

The assessment was based on processing tablets 
containing 5% mannitol; while broad conclusions 
might be possible from extrapolation to 
formulations containing API of differing percentage 
there is not likely to be a linear relationship 
between percentage API in the formulation and the 
airborne concentrations found. 
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