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Environmental Monitoring and Reporting 
Facilitated by LIMS 

Environmental monitoring (EM) is an 
essential part of any pharmaceutical, 
medical device or biotechnology 
manufacturing process. It ensures 
that microbiological and particulate 
levels in the controlled manufacturing 
environment are maintained within 
acceptable limits. The EM programme 
will involve a regular regime of testing 
based on location and frequency. The 
results are used to monitor trends 
and trigger the appropriate corrective 
action if a limit is exceeded. The use 
of a LIMS (laboratory information 
management system) is commonplace 
in QA/QC labs to ensure quality in 
the manufacturing process. However, 
added value can be gained by using 
LIMS to manage environmental 
monitoring protocols as well; including 
defi nition and management of the 
sampling plans, testing schedules 
and associated result limits. LIMS 
can readily manage the potentially 
large volume of data generated and 
can report the results and analyse 
underlying trends and patterns.

Manufacturers of drugs and 
medical devices will follow the 
appropriate Good Manufacturing 
Practice (GMP) guidelines issued 
by the regulatory agency for their 
location. Production must take 
place in a controlled manufacturing 
environment where microbiological 
and particulate contamination levels 
are maintained below pre-defi ned 
levels. Anything that can come 
into contact with the product is a 
potential source of contamination. 
This includes active ingredients and 
excipients, process water, air and 
personnel, as well as containers, 
tools, instruments and work surfaces 
in the production and storage areas. 
Acceptable limits for each production 
area will be based on its specifi c role 
in the production process. Particulate 
contamination is important because 
particles may contaminate the 
product physically or act as a 
vehicle for microbial contamination. 
As there is no correlation between 
particulate count and airborne 
microbiological contamination, 
separate microbiological testing 

must also be carried out. In addition, 
personnel are a major source of 
contamination of cleanrooms and 
special regard should be given 
to their behaviour with regard to 
hygiene, infectious diseases, open 
wounds, etc. The education and 
training of personnel, the garments 
used, dressing procedures, rules for 
entry and behaviour are all important 
factors in maintaining an acceptably 
clean environment. 

Environmental Monitoring 
Programmes
Environmental monitoring allows the 
effi cacy of contamination control 
procedures in a production facility to 
be measured. It can cover areas such 
as cleanrooms for drug fi ll/fi nish, 
formulation tank rooms, laminar 
fl ow hoods, biological safety hoods, 
isolators, glove boxes, moulding 
machines, kit assembly lines, 
intravenous (IV) compounding areas 
and sterile packaging. Environmental 
monitoring defi nes and documents 
the state of control of the facility 
and highlights possible threats to 
the purity of products, but it does 
not determine the actual quality 
of the fi nished product, which is a 
quality control / quality assurance 
function. There are a number of 
key steps involved in establishing 
an environmental monitoring 
programme:

1.  Defi ne the critical areas of 
manufacture

2.  Identify the potential 
contamination risks

3. Specify the locations at which 
samples should be taken

4. Specify the tests to be used to 
measure contamination levels

5. Specify the frequency with which 
measurements should be made

6. Establish the acceptable 
measurement limits in line 
with the appropriate regulatory 
requirements

7.  Determine how test results 
should be monitored and 
reported 

8. Establish specifi c corrective 
action procedures to be 
implemented in the event of 
any measurement exceeding its 
defi ned limit

The above steps will identify 
deviations from the defi ned limits. 
However, if such deviations occur it is 
important to identify the root cause 
of the problem in order to eliminate 
it. It is often only by observing 
trends in the measurements that 
the complete picture needed for root 
cause analysis can be seen.

Applying LIMS to Environmental 
Monitoring
LIMS is a well-established tool in QA/
QC Labs, and the extension of a LIMS 
to manage environmental monitoring 
is entirely logical. However, the 
extension of the functionality 
does place signifi cant demands on 
the LIMS itself. To support an EM 
workfl ow, the LIMS must be able to 
associate multiple sampling points, 
the frequency of sampling and 
the testing required with multiple 
controlled environments (CE). A 
graphical representation of each CE 
should be displayed by the system 
with the individual sampling points 
identifi ed. It is essential that different 
alert and action limits can be entered 
for every sample point and for every 
test within each CE, and that these 
limits can be easily changed if the 
testing protocol changes. The system 
must be able to capture the results 
and metadata associated with 
microbiological testing, which are 
usually quite different to a classic 
analytical or physical test. When 
samples are taken according to the 
defi ned protocol (Figure 1) the system 
must be able to produce labels, 
including barcodes that uniquely 
identify the sample. If an alert limit 
or action limit is violated, specifi c 
triggers must make responsible 
staff aware of the condition so that 
corrective action may be taken. The 
system must be able to produce 
trend plots and summary reports on 
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demand according to user-defi nable 
criteria. Typical trend reports might 
include: trends for a specifi c CE 
over a chosen time period, trends 
for a specifi c batch/lot or product, 
or trends for specifi c analysts which 
may reveal specifi c training needs. 
For some organisations it could 
also be a distinct advantage to have 
the ability to view EM results from 
different locations, using web-based 
technology. In addition, the system 
must be validated for use in the 
particular regulated environment. 
Although most LIMS, in principle, 
provide the capability to handle 
the requirements of environmental 
monitoring, many are too infl exible 
to do so without extensive 
customisation or integration with a 
specialised third-party EM package. 
Such software will need to be 
customised to meet an organisation’s 
specifi c user requirements in terms 
of workfl ows, screen designs, menu 
designs, terminology, numbering 
schemes, report designs and much 
more. Such customisation can 
affect the future supportability and 
upgradability of the product, as well 
as raising validation issues; all of 
which affect the long-term viability 
of the solution. LIMS that provide 
true confi guration tools using an 
interactive confi guration interface 
and where the supplier’s code remains 
unchanged, offer an alternative 
approach. Here the implementation 
of an environmental monitoring 
programme based on an existing 
environmental monitoring application 
and using the confi guration tools 

allows confi guration for any facility 
and monitoring programme. Sampling 
point locations, test results and 
corrective action plans can be linked 
in a single graphical environment. 

Detailed Environmental Monitoring 
Workfl ow
The following shows how a detailed 
workflow for an environmental 
monitoring programme could be 
implemented in a LIMS confi gured 
to meet specifi c requirements:

1. Sampling plans that clearly identify 
the exact location for each 
sampling point in a CE are entered 
together with the required tests 
and sampling frequency. The alert 
and action limits for each sampling 
point and test combination are 
also defined. The location of 
sampling points are mapped on 
a stored image or diagram of the 
production area being monitored. 
Multiple CEs per facility may be 
confi gured, each with multiple 
sampling points. 

2. When the protocol calls for 
a sample to be taken, the 
appropriate samples are created 
in the LIMS and the tests assigned. 
The sample test combinations are 
linked to the appropriate alert and 
action limits. 

3. The LIMS can print the appropriate 
labels for each sample, with 
barcodes if required, and the 
physical sample can be taken.

4. The analytical work may be 
assigned to a specifi c analyst. If 
required, the system can check 

that this person is currently 
certifi ed to carry out the test.

5. Actions carried out on the sample 
can be recorded in the LIMS and 
relevant metadata recorded, such 
as incubator and other equipment 
used, temperature records and 
media.

6. If an automated instrument is used, 
the results should be imported 
directly into the LIMS database to 
prevent transcription errors. 

7. Once entered into the database, 
the results are automatically 
compared to the limits set 
for the CE, sample point and 
test combination. If the result 
exceeds the alert or action limit, 
the relevant people are alerted 
in real time. While information 
such as analytical results can be 
changed once entered, the details 
of the changes are recorded in an 
audit trail to provide complete 
traceability of the sample.

8. When the test results have been 
entered, they may be reviewed and 
validated by a different analyst or 
supervisor. After validation, the 
results may further be approved by 
a qualifi ed, senior person, before 
any offi cial results are reported.

The entire process from sample 
planning to reporting should be done 
in a secure, compliant system.

Reporting and Reviewing Results 
LIMS can maintain a clear, 
audit-trailed, searchable record 
of all samples, test results (Figure 
2) and reports issued. Information 
available within the system should 
include the date/time of sampling 
and result entry, together with the 
identity of the person who entered 
the results and information about 
any changes made. Details of how/
when results were reported, by 
whom and to whom should also 
be recorded. By graphically linking 
the environmental monitoring test 
results to the sampling location, the 
results of each sample location can 
be shown in chart and tabular form 
simply by clicking on that location. 
A graphical chart view can show the 
results over time so general trends 
can be quickly identifi ed. The tabular 
view shows all test results for that 
sample location for more detailed 
investigation. A clear visual indicator, 

Figure 1. Sample registration screen
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such as a green check or red “X”, can 
be shown for each sampling point 
on the graphical view of the CE to 
denote the status of results over 
a selected time period. This allows 
the location of any test failures to 
be quickly identifi ed and corrective 
actions to be implemented. 

In many organisations, reports 
and data may need to be accessed 
by personnel across multiple sites, 
or perhaps on the move. Many LIMS 
allow web-based access to the 
system. However, a separate web 
portal can allow staff, who may 
not be regular users of the LIMS, 
controlled access to appropriate 
information. This may be the 
best way of disseminating result 
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Figure 2. Sample test result report

Figure 3. Linking of sampling locations, test results, corrective actions, etc.
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information across an organisation 
as access to such a web portal, 
controlled by password protected 
login, is available from any internet-
connected device. The information 
available to individuals can be limited 
to what is relevant to them. 

Corrective and Preventive Actions 
(CAPA) 
Any out of specifi cation results can 
trigger the appropriate corrective 
action(s). The severity of incident 
may be classifi ed and responsible 
personnel assigned for various tasks. 
Investigative fi les may be attached for 
complete documentation. Users can 
also view all past corrective actions 
for tracking and audit purposes. 
Corrective action is, by defi nition, a 

reactive response to a problem. Root 
cause analysis allows a preventative 
action policy that should allow the 
identifi cation of improvements and 
the sources of non-conformities. 
Any preventative action plans that 
are developed in this way should 
also be documented and monitored 
in the LIMS. 

A suitably confi gured LIMS can 
offer a powerful way of simplifying and 
automating environmental monitoring 
in production facilities. LIMS can help 
to defi ne and implement a rigorous 
sampling regime (frequency and 
location), record the test results, 
monitor the programme to identify 
trends, log corrective actions and 
maintain an audit trail of the entire 
programme. It can drive good practice 
and help organisations to document 
preventive controls to avoid product 
contamination. A LIMS that integrates 
environmental monitoring with QA / 
QC management provides a complete 
solution for controlling today’s 
manufacturing process.


