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This presentation is broken into 4 parts and will give you the 

audience an overview of the following. 

• Part 1 – Good Manufacturing Practice (GMP) 

 

• Part 3 –  Environmental Monitoring System (EMS) 

• Part 2 –  Risk Assessment Overview 

• Part 4 –  EMS System Design and Validation following GAMP 

Environmental Monitoring Systems 

Regulatory Compliance and Risk Mitigation 
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Good Manufacturing 

Practices (GMP) 

GMP, What is it? 

PART 1 
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GMP is REQUIRED to achieve a license 

to produce Medicinal Products ! 

 

GMP Regulation 

A Regulatory Agency will Audit the Manufacturing Facility 

before a license is issued and cGMP is expected to be in 

place. 
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GMP Regulators 
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PIC/s Worldwide Membership 
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Turkey along with Brazil, Mexico and Iran are the 

newest applicant Countries applying to join PICs 
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EXITING NEW TEAMS TO JOIN  
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Risk Assessment 

Risk Assessment Overview 
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PART 2 
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Risk Assessment Overview 
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Developing the Risk Assessment 

• ICH Q9 Quality Risk Management  

 

• WHO Quality Risk Management  

 

• EUGMP Annex 20 Quality Risk Management 

Risk Assessment Overview 

Useful References 
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• “The evaluation of the risk to quality should be based on 

scientific knowledge and ultimately link back to the 

protection of the patient; and 

 

 

• The level of effort, formality, and documentation of the 

quality risk management process should be 

commensurate with the level of risk.”  

Risk Assessment Overview 
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 Often rely mixed kinds of information: 

• Quantitative 

• Qualitative  

• Expert judgment (Subject Matter Experts) 

 

 Focus on systematic thinking: 

• Define the risk question  

• Organize information under categories, 

attributes 

• Build decision making paths 

 

 

Risk Assessment Overview 
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What are the Product 

Risks when performing 

Aseptic Product 

Manufacture? 

Risk Assessment Overview 



How big is one micron? 

www.golighthouse.com.tr  • Lighthouse Worldwide Solutions EMEA Operations Istanbul TURKEY 

Risk Assessment Overview 
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Risk Assessment Overview 

Where are the Risks when 

performing Aseptic 

Product Manufacture? 
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Risk Assessment Overview 
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CASE STUDY 

Aseptic Filling Line Grade A with Grade B background 

GMP Annex 1 states that cleanrooms and clean air devices are to be monitored 

in operation, with the monitoring locations based on a formal risk analysis study 

and the results obtained during the classification of cleanrooms and/or clean air 

devices.  
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Considerations for the non-viable particle monitoring system: 

 

1. Identify high-risk operations for particle monitoring. 
 

2. Determine the optimal sample locations for monitoring. 
 

3. Establish a monitoring frequency with alert and action levels. 
 

4. Establish a system to verify the particle monitoring system is working effectively. 
 

5. Establish and maintain the validated state of the non-viable particle monitoring system. 
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1. Identify high-risk operations for particle monitoring. 

Aseptic Filling Machine Grade A  

Sterile Open Vials  

1 2 3 4 

5 6 

Accumulator  Fill Head  Transport  
Stopper/Capping  

Background 
Grade B  

Background 
Grade B  
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1. Identify high-risk operations for particle monitoring. 

 Locations Identified  
 

      ●      Along the filling machine (Grade A)  

            – Critical Zones where product contamination risk is high 

 

 

      ●    Background Locations (Grade B) 

Critical areas are where an exposed product is vulnerable to contamination 

and will not be subsequently sterilized in its immediate container.  
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2.   Determine the optimal sample locations for monitoring. 

Within Regulatory Guidelines……………. 

 

• FDA 2004 Aseptic Guideline – 1ft (12inches) of 

critical zone 

 

• Tubing bend radius 

 

• Length of tubing PIC/s cGMP 



www.golighthouse.com    |   Lighthouse Worldwide Solutions CONFIDENTIAL 

1 Accumulator  
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2 Transport  
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3 

Fill Head  
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4 

Stopper/Capper  
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5 

Background 
Grade B  

6 
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3.   Establish a monitoring frequency with alert and action levels. 
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What are “Appropriate Alarm Limits”? 
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4. Establish a system to verify the particle monitoring system is working effectively. 

IQ/OQ and PQ 
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5.   Establish and maintain the validated state of the non-viable particle monitoring system 

Change Control Process 
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Environmental 

Monitoring System (EMS) 

Case Study 

EMS, What is it? 

PART 3 
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EMS References 

Also referred to as the following; 

• Particle Monitoring System 

• Facility Monitoring System 

• Cleanroom Monitoring System 

• Real-Time Monitoring System 
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These sensors monitor room and specific location conditions. 

What is an Environmental Monitoring System? 

It is a Monitoring System that collects environmental data in real time from 

sensors located in a Cleanroom or other environment. 

This sensor data is used to determine if the Cleanroom environmental 

conditions are within allowable tolerances to maintain the quality of the product 

being manufactured. 

 

Tight Regulations are in place to make sure the product quality is maintained 

Sensors used include, Particle Counters, Temperature sensor, Humidity 

sensor, Differential Pressure sensors.  

EMS Overview 
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GMP ! Where do I Start? 

Environmental Monitoring System 

to monitor a Grade A, 

Aseptic Filling Line 

Case Study:  
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Manufacturing Sterile Injectables 

• Annexes – Guide to Good Manufacturing 

Practice for Medicinal Products Annexes         

PE 009-13 (Annexes) 
 

• The Annexes provide detail on specific areas of manufacture (e.g. 

annex on sterile manufacturing and radiopharmaceuticals) 

 
• Annex 1 Manufacture of sterile medicinal products 

• Annex 2 Manufacture of biological medicinal substances and products for human use 

• Annex 3 Manufacture of radiopharmaceuticals 

• Annex 4 Manufacture of veterinary medicinal products other than immunologicals 

• Annex 5 Manufacture of immunological veterinary medical products 

• Annex 6 Manufacture of medicinal gases 

• Annex 7 Manufacture of herbal medicinal products 

• Annex 8 Sampling of starting and packaging materials 

• Annex 9 Manufacture of liquids, creams and ointments 

• Annex 10 Manufacture of pressurised metered dose aerosol preparations for inhalation 

• Annex 11 Computerised Systems 

• Annex 12 Use of ionising radiation in the manufacture of medicinal products 

• Annex 13 Manufacture of investigational medicinal products 

• Annex 14 Manufacture of medicinal products derived from human blood or plasma 

• Annex 15 Qualification and Validation 

• Annex 16  Qualified person batch release 

• Annex 17 Parametric Release 

• Annex 18 GMP Guide for API’s 

• Annex 19 Reference and retention samples 

• Annex 20 Quality risk management 
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EMS Sensors 

Remote Particle Counter 

 

 

 

 

 

 

Sample Inlet  

Connects to 

Sample Probe 

(ISP) 

Vacuum Supply 

Small size 

0.5µm and 5.0µm size 

collection (Pharmaceutical 

Applications) 

1 cubic foot/minute flow rate  

(28.3L/min) 

Requires external Vacuum Pump  

External power 24VDC 

Cat5 or 6 cable 

Transmits data using IP  
(preferred method) 

Can be POE compatible  
(Power 48VDC and communication's  

run over single Cat5 or 6 network cable) 
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System Design 
EMS   

Particle Counter sample location  

Particle 

Counter 

Sample Probe 

Filling Line – Sterilized empty and open 

vials exit sterilization (heat) tunnel 

Open and exposed sterile vials 
Particle Counter 

monitors  clean air 

falling over empty 

vials and triggers an 

alarm and 

notification if any 

contamination is 

present 
Vials move towards the filling head 

Particle Counter sample 

probe position is based 

on risk assessment and 

process knowledge to 

be within 1 foot (12”) 

from critical zone 
 

FDA – Sterile Drug  

Products produced by Aseptic 

Processing – Current Good 

Manufacturing Practice (2004). 

 

PIC/s Annex 1 Section 8 



www.golighthouse.com    |  Lighthouse Worldwide Solutions CONFIDENTIAL 

System Design 
EMS 

Particle Counter sample location  

Particle 

Counter 

Sample 

Probe 

Vials move towards the filling head 

Filling Head 

Particle Counter 

sample probe should 

be as short as 

possible without any 

bends if possible 

 

 

 

PIC/s Annex 1  

Section 11 

Appropriate alert and 

action limits should be 

set for the results of 

particulate and microbial 

monitoring. If these limits 

are exceed operating 

procedures should 

describe corrective 

action. 

 

 

 

PIC/s Annex 1 Section 20 
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System Design 
EMS   

Particle Counter sample location  

Particle 

Counter 

Sample Probe 

Filled Vials moving to 

stopper/Capping machine 

Particle Counter sample 

volume is a function of 

the sample rate of the 

system used. It is not 

necessary that the 

sample volume be the 

same as that used for 

formal classification. 

 

 

 

PIC/s Annex 1 Section 12 
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In Summary EMS Sensors 

Temperature & Humidity Sensor 

• Combined Sensor  

 

• Monitors Room Environment 
(ºC or ºF & % RH) 

 

• External power 24VDC  

 

• Transmits data using 4-

20mA signals  (preferred 

method) 

 

• Loop powered from a 

24VDC supply source 

 

• Location needs to be 

considered carefully 

 

• Return air ducts are a good 

location (average room 

sample) 

LCD Display 

Sample 

Probe 

4-20mA power 

and signal CAT5 

or 6 cable 

Wall Mount Model 
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In Summary EMS Sensor 

Differential Pressure Sensor 

 

• Monitors Room Environment 

     (Pascal's Pa or Water Column WC”) 

 

• External power 24VDC  

 

• Transmits data using 4-

20mA signals  (preferred 

method) 

 

• Is loop powered from a 

24VDC supply 

 

LCD Display 

4-20mA power 

and signal CAT5 

or 6 cable 

Wall Mount Model 

Sample Inlets  

(+) and (-)  



EMS System Design 

and Validation  

Following the ISPE GAMP Process  

Environmental Monitoring System   

EMS 

Design and Validation Protocol 
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PART 4 
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What is ISPE? 

ISPE, is the International Society for Pharmaceutical Engineering 

ISPE's Core Members are pharmaceutical professionals who use expert knowledge to 

create high-quality, cost-effective GMP solutions. 

 

Our Purpose:  ISPE delivers technical and operational solutions to support our Members 

across the global pharmaceutical and biopharmaceutical industry in the manufacture of 

quality medicines for patients. 

 

EMS are designed based on ISPE’s  Good Automated Manufacturing Practices                 

(Known as GAMP Guidelines).  

 

The GAMP “V” model is widely used. 

 

Website is www.ispe.org  for more information 

 

Connecting Pharmaceutical Knowledge 

International Society 

Delivering technical 

solutions across the 

Pharmaceutical and 

Monitoring Systems 

should be designed 

 

http://www.ispe.org/


ISPE GAMP “V” Model 

 

DESIGNING A MONITORING SYSTEM 
How is it validated – Validation Lifecycle? 
 

Design and Validation of an Environmental  

Monitoring System is a systematic process that  

starts from a Customer developed Risk Assessment 

Which is the basis for the URS, which in turn  

determines how the system is designed; 

(FDS) tested (FAT) installed (SAT) and  

the actual validation (IQ/OQ) proving  

that the designed and installed system  

actually meet the URS and is ready to be  

handed over to the end user. The end  

user then performs a PQ to determine the  

performance of the installed EMS based on their process. 

Mitigating any observed risks to product quality and safety. 

www.golighthouse.com    |  Lighthouse Worldwide Solutions CONFIDENTIAL 



www.golighthouse.com    |   Lighthouse Worldwide Solutions CONFIDENTIAL 

Sample URS  
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Sample URS  

Customer User 

Requirement ID 

number 

Description of 

URS for Particle 

Counters  

Business 

Essential Attribute 

and/or Quality 

Control Attribute 

Where Vendor 

documents the 

design and testing 

to meet URS 

This Section is the 

traceability and 

validated 

documentation to 

prove regulatory 

compliance 
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URS Compliance Matrix  

Customer User 

Requirements 

Where vendor meets the 

URS and documents and 

tests  

Vendors Compliance Rate 

(%) based on meeting 

Customers URS 

Vendors response 

to meeting 

Customer URS 

A knowledgeable 

EMS supplier will 
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ISPE GAMP “V” Model Overview 

 

User Requirement  

Specifications (URS) 

Functional Design 

Specifications (FDS) 

Risk Assessment 

Design Overview 

Functional Design 

Hardware Design 

Software Design (FDS) 

Factory Acceptance 

Test (FAT) 
Site Acceptance Test 

(SAT) 

Installation 

Qualification (IQ) 

Operational 

Qualification (OQ) 

Performance 

Qualification (PQ) 

Satisfies URS 

Ship EMS to 

Customer site 
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ISPE GAMP Process  

Monitoring System   
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ISPE GAMP Process  

Monitoring System   
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ISPE GAMP Process  

Monitoring System   
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ISPE GAMP Process  

Monitoring System   
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EMS Lifecycle Summary 

• Customer develops a Risk Assessment 

• Customer chooses a qualified supplier based on a supplier audit 

• Customer develops a URS based off of the Risk Assessment 

• Supplier designs the EMS design based off of the URS and follows GAMP guidelines 

• Customer approves the Design 

• Supplier Builds and tests the EMS prior to delivery 

• Supplier installs and tests the EMS prior to qualification 

• Supplier and Customer perform IQ & OQ 

• Customer performs PQ and confirms EMS meets their requirements 

QUESTIONS ? 
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Your Presenter 

If you have any more 

queries on Environmental 

Systems and want to 

contact Jason Kelly directly 

then send him an email on  

 

jasonk@golighthouse.com 

 


