


















Raw Material Dispensing “Grade C” Local Protection “Grade C” “Grade C”

Compounding and (Sterile) Filtration Feed “Grade C” “Grade B” “Grade C” “Grade C”

(Sterile) Filtration “Grade B” “Grade A” “Grade C” “Grade A, B, or

C”

Initial Prep/Washing Components “Controlled not Classified with local monitoring”

Final Rinse of Components “Grade C” “Grade C” “Controlled Not 

Classified with local 

monitoring”

“Grade C”

Sterilization/Depyrogenation of 

Components – Loading

“Grade C” “Grade C” “Controlled Not 

Classified with local 

monitoring” 

“Grade C”

Sterilization/Depyrogenation of 

Components – Unloading

“Grade B” “Grade A” (or 

wrapped/sealed)

“Grade C” NA

Aseptic Compounding and Formulation of 

Sterile Materials

“Grade B” “Grade A” NA NA

Filling and Stoppering (for Open Aseptic 

Processing)

“Grade B” “Grade A” “Grade C” NA

Filling and Stoppering (for Closed Aseptic 

Processing)

“Grade C” “Grade A” NA NA

Lyophilization – Operation - Closed System NA NA

Transfer into and out of Lyophilizes (for 

Open Aseptic

Processing)

“Grade B” “Grade A” NA NA

Transfer into and out of Lyophilizers (for 

Closed Aseptic Processing)

“Grade C” “Grade A” NA NA

Capping and Crimping (of Product 

Containers)

“Controlled Not 

Classified with local 

monitoring” 

Local Protection “Controlled Not 

Classified”

Local Protection

Terminal Sterilization NA NA “Controlled Not 

Classified”

NA

Inspection “Controlled Not 

Classified”

NA “Controlled Not 

Classified”

NA

Labeling and Packing “Controlled Not 

Classified”

NA “Controlled Not 

Classified”

NA

Steps in Baseline Aseptically Processed Products Terminally Sterilized Products

Background 
Environment

Product/Container
/Closure Exposure

Background 
Environment

Product/Container
/Closure Exposure
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Purified Water and WFI P Yes Enhanced/Qualified NA

Clean Steam P Yes Enhanced/Qualified NA

Nitrogen and Other 

Process Gases

P Yes Enhanced/Qualified ▪ Endpoint 0.2 μm

▪ Process Gases for 

sterility, 5 μm for

▪ Pre-filtration

Instrument Air PS No ▪ Good Engineering NA 

unless vented

▪ Practice (GEP)

▪ NA 

▪ (unless vented to a 

Grade A zone)

Breathing Air PS No GEP NA

Heating/Cooling 

System for Process 

Equipment

P Yes Enhanced/Qualified NA

Process Vacuum P Yes Enhanced/Qualified NA

Potable Water and 

Plumbing Drains

PS No GEP NA

Mechanical Seal Fluids Depends 

on use

Depends 

on use

GEP NA

Chilled Water PS No GEP NA

System Type: Process (P) 
or Process 

Support (PS)

GMP Important Documentation/ 
Commissioning

Filter 
Requirements 

(Baseline)







Contaminant OSHA CSA

Carbon Monoxide ppm v/v 20 5

Carbon Dioxide ppm v/v 1000 500

Oil (condensed hydrocarbons) 5 1





Electrical System Room Classification

Pharmaceutical Grade C Environments Grade A and Grade B
Environments

Power Distribution None, outside area None, outside area None, outside area

Lighting Cleanable, ideally non-

shedding

Cleanable and sanitizable, 

minimum ledges, non-

shedding, sealed, crevice 

free

Cleanable and sanitizable, 

minimum ledges, non-

shedding, sealed, crevice 

free

Outlets and Miscellaneous Equipment Cleanable, ideally non-

shedding

Cleanable and sanitizable, 

minimum ledges, non-

shedding, sealed, crevice 

free

Cleanable and sanitizable, 

minimum ledges, non-

shedding, sealed, crevice 

free
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Critical Process Parameter Active or Passive Control Baseline Comments

Room temperature Always active Continuous recording recommended.

Room percent RH Always active Continuous recording recommended.

Room differential pressure Active Active control of pressure differences using 

actuated control dampers is not recommended by 

this Guide (see Chapter 5). Where this approach is 

taken, continuous recording of each pressure 

differential is recommended.

Passive Where pressure differences are passively 

controlled via proportional air volume balancing 

and room pressure relief dampers, these could be 

documented less frequently (i.e., less than 

continuously for ancillary aseptic processing area 

rooms). Excursions should be recorded.

Particle count Passive Particle count is controlled passively, through such 

means as filters, low leakage ductwork, personnel 

control, air change rates. Continuous recording 

may not be necessary. In addition, see 8.7.3.

Temperature of 

process environment

Always active Continuous recording recommended.

Relative humidity of process environment Specifically controlled or limited by the 

HVAC psychometrics

Continuous recording recommended.

Room/enclosure pressure differential Both active control and passive 

(static air balancing) techniques can be 

deployed.

Where the pressure differential is an essential 

part of separation of spaces of different 

cleanliness class or contamination risk, the 

pressure differential should be continuously 

monitored, recorded, and suitable alarms 

installed. The frequency of monitoring can be 

related to the criticality of the controlled space; 

e.g., aseptic processing areas are considered more 

important than clean preparation or formulation 

areas, and therefore should be continuously 

monitored and recorded. Passive (locked damper) 

control with continuous monitoring is considered 

to be the technical baseline for room pressure 

differentials.







❖

❖

❖

❖

❖

❖

❖

❖

❖

❖

❖





































Issue Traditional Cleanroom 
(Unidirectional Airflow 
Systems and Curtains)

Restricted Access Barrier 
Systems (RABS)

Isolator Systems

Degree of separation Separation provided by 

room pressure differentials 

and cleanroom clothing 

systems.

Superior to cleanrooms. Superior to other technologies.

Initial facility Point of reference costs. Costs may be higher than traditional 

cleanroom. More equipment related 

costs. Large footprint of higher 

classified environments in passive 

systems.

Isolator equipment may be more 

expensive. Facility capital and 

operational costs can be 

significantly lower.

Facility lead time Point of reference. ▪ Building infrastructure time 

consuming. Facility activities 

more complex.

▪ More project elements and 

vendors involved.

Equipment more complex.

Footprint of the facility significantly 

reduced (do not need gowning 

rooms, etc).

Qualification obstacles Point of reference. Issues well established and easy to 

resolve.

Issues well established and easy to 

resolve.

Qualification duration 6 to 9 months. 6 to 9 months typical but may be 

longer.

▪ 6 to 9 months typical but may be 

longer due to decontamination 

cycle

▪ development and validation.

▪ Longer periods are a reflection 

of intrinsic requirements rather 

than any insurmountable 

technical hurdle.
Operating cost Point of reference. May be slightly higher than 

traditional cleanroom.

▪ Approximately 75% less than 

cleanroom costs; mostly related 

to HVAC

▪ operating costs.

▪ Other savings in gowns, 

supplies, labor utilization, EM.
Operational hurdles Largely personnel 

dependent

▪ Minimal changes to established 

technologies.

▪ Known entity. Easy adaptation 

from earlier operating modes.

▪ Easier to retrofit to existing lines 

than with isolator.

▪ Requires new elements.

▪ Changes to old paradigms 

necessary.

Environmental 

treatment

Decontamination 

performed by gowned 

personnel.

Reproducibility and 

validation uncertain.

▪ High-level disinfection with 

sporicidal agent performed by 

gowned personnel. 

▪ Reproducibility and validation 

uncertain.

▪ Reproducible decontamination 

using automated cycles with a 

sporicidal agent.

▪ Can be validated.



Issue Traditional Cleanroom 
(Unidirectional Airflow 
Systems and Curtains)

Restricted Access Barrier 
Systems (RABS)

Isolator Systems

Impact of personnel Highly influenced by 

personnel.

▪ Environmental separation less 

effective than with isolators 

when open door intrusions are 

undertaken.

▪ Operator protection limited for 

hazardous compounds.

▪ More removed from critical 

area.

▪ Isolator enhances operator 

safety with hazardous 

compounds.

▪ Isolators present less risk than 

RABS.

Line operation Risk of contamination 

dependent on cleanroom 

clothing and personnel 

behavior.

▪ Greatly reduced risk of 

contamination compared with 

traditional cleanroom 

technology.

▪ Isolator systems provide further 

reduced risk because of lack of 

defined pressure differential in 

RABS, but airflow overcomes 

this.

Lower risk of contamination due to 

complete and uninterrupted 

separation of environments.

Cleaning Manual. Difficult issue when handling 

hazardous compounds.

▪ Cleaning hazardous compound 

substantially safer. 

▪ Complete CIP possible.

Complexity Point of reference ▪ Systems generally are less 

complex than isolators.

▪ Can be retrofitted more easily to 

traditional cleanroom process 

equipment.

▪ More controls, equipment and 

instrumentation required.

▪ Decontamination adds extra 

elements.

▪ System and control integration 

issues can be significant.

Format changeover Point of reference ▪ Size, component change easy.

▪ Product change requires internal 

cleaning.

▪ Greater risk of bio-

contamination during 

changeover.

▪ Size, component change 

relatively easy.

▪ Product change requires internal 

cleaning.

Novelty Point of reference. Minimal ▪ Some firms have almost no 

isolators.

▪ Some firms have substantial 

experience.

▪ There is a definite learning curve 

which must be considered.



Issue Traditional Cleanroom 
(Unidirectional Airflow 
Systems and Curtains)

Restricted Access Barrier 
Systems (RABS)

Isolator Systems

Intangibles Point of reference. ▪ Easy to implement relative to 

isolators.

▪ Technology still evolving.

▪ Hazardous new products may 

create an advantage for isolators.

▪ More capable once fully 

operational.

▪ Newer technology,  atill 

evolving.

▪ Hazardous new products may 

create an advantage for 

isolators.
Containment potential 

for hazardous products

None. Limited. Excellent.

Regulatory perspective ▪ Becoming increasingly 

unacceptable.

▪ No longer the design of 

choice.

▪ Recognized as a significant 

improvement over traditional 

cleanroom equipment, but not 

perceived to be equal to

▪ isolators in terms of product 

separation.

Considered superior.

Industry perspective No longer the design of 

choice among major 

pharmaceutical companies.

▪ Largely proven technology with 

known limitations. 

▪ Few uncertainties equal reduced 

risk.

▪ Gaining increasing acceptance 

and usage.

▪ Learning curve issues can lead to 

increased initial costs and start-

up times.





































































ATTACHMENT NO. ATTACHMENT TITLE

Attachment – 1 Multiple guidance requirements for 

building & facilities (for reference only).





USFDA - Sterile Drugs 
Products Produced by 

Aseptic Processing, 
Sep-2004, Sec. IV, 

Building and facilities

Annex 1, EU 
Manufacture Sterile 
Medicinal Products 

Guidelines - November 
25, 2008

WHO GMP Guidelines 
Annex 6

PIC/S PI032-02 Annex 1 
Guideline 

Interpretations

“The flow of components, 

drug product containers, 

closures, labeling, in-

process materials, and 

drug products through the 

building or buildings shall 

be designed to prevent 

contamination.”

As provided for in the 

regulations, separate or 

defined areas of operation 

in an aseptic processing 

facility should be 

appropriately controlled to 

attain different degrees of 

air quality depending on 

the nature of the operation. 

Design of a given area 

involves satisfying 

microbiological and particle 

criteria as defined by the 

equipment, components, 

and products exposed, as 

well as the operational 

activities conducted in the 

area.

Clean area control 

parameters include 

microbiological and 

particulate data. Initial 

qualification includes an 

assessment of air quality 

under static conditions and 

dynamic conditions. 

Aseptic processing facility 

monitoring program assess 

conformance with specified 

clean area classifications 

under dynamic conditions 

on a routine basis.

Two clean areas are of 

particular importance to 

sterile drug product quality: 

the critical area, and the 

supporting clean areas 

associated with it.

3. Clean areas for the 

manufacture of sterile 

products are classified 

according to the required 

characteristics of the 

environment. Each 

manufacturing operation 

requires an appropriate 

environmental cleanliness 

level in the operational 

state in order to minimize 

the risks of particulate or 

microbial contamination of 

the product or materials 

being handled. Grade C 

and D: Clean areas for 

carrying out less critical 

stages in the manufacture 

of sterile products.

2. The various operations 

of component preparation, 

product preparation and 

filling should be carried out 

in separate areas within 

the clean area. 

Manufacturing operations 

are divided into two 

categories; firstly, those 

where the product is 

terminally sterilized, and 

secondly those which are 

conducted aseptically at 

some or all stages.

4. Clean rooms and clean 

air devices should be 

classified in accordance 

with EN ISO 14644-1.

7. “In operation” 

classification may be 

demonstrated during 

normal operations, 

simulated operations or 

during media fills as worst-

case simulation is required 

for this. EN ISO 14644-2 

provides information on 

testing to demonstrate 

continued compliance with 

the assigned cleanliness 

classifications.

7.2 The operating 

conditions should be such 

as to prevent microbial 

contamination.

1.2 The various operations 

of component preparation 

(such as those involving 

containers and closures), 

product preparation, filling 

and sterilization should be 

carried out in separate 

areas within the clean 

area. These areas are 

classified into four grades. 

1.3 Manufacturing 

operations are divided 

here into two categories: 

• first, those where the 

product is terminally 

sterilized; and second, 

those which are conducted 

aseptically at some or all 

stages

4.1 Clean areas for the 

manufacture of sterile 

products are classified 

according to the required 

characteristics of the 

environment. Each 

manufacturing operation 

requires an appropriate 

level of environmental 

cleanliness in the 

operational state to 

minimize the risks of 

particulate or microbial 

contamination of the 

product or materials being 

handled. 

4.3 For the manufacture of 

sterile pharmaceutical 

preparations, four grades 

of clean areas are 

distinguished as follows:

4.1 Clean room/clean air 

device classification. 

Section 3 defines at rest 

and in operation states, 

which are not new. 

However, it should be 

noted that the company 

needs SOPs to define at 

rest and in operation 

states, which might be 

specifically required for 

each production room.

These SOPs should 

include a definition of 

equipment to be installed 

and running, number of 

operators to be present, 

etc.

4.2 Clean room/clean air 

device monitoring Section 

15: New text: The 

monitoring of Grade C and 

D areas in operation 

should be performed in 

accordance with the 

principles of quality risk 

management.

The requirements and 

alert/action limits will 

depend on the nature of 

the operations carried out, 

but the recommended 

“clean up period” should 

be attained.

Interpretation: The number 

of sampling points and the 

sampling frequency are to 

be determined by at least a 

risk assessment, including 

risk identification, risk 

analysis and risk 

evaluation (see also GMP 

Annex 20). There is no 

need for a continuous 

monitoring. However, the 

frequency should be higher 

than that of ReQualification 

of these areas.



USFDA - Sterile Drugs 
Products Produced by 

Aseptic Processing, 
Sep-2004, Sec. IV, 

Building and facilities

Annex 1, EU 
Manufacture Sterile 
Medicinal Products 

Guidelines - November 
25, 2008

WHO GMP Guidelines 
Annex 6

PIC/S PI032-02 Annex 1 
Guideline 

Interpretations

A critical area is one in 

which the sterilized drug 

product, containers, and 

closures are exposed to 

environmental conditions 

that must be designed to 

maintain product sterility (§ 

211.42(c) (10)). Activities 

conducted in such areas 

include manipulations 

(e.g., aseptic connections, 

sterile ingredient additions) 

of sterile materials prior to 

and during filling and 

closing operations.

This area is critical 

because an exposed 

product is vulnerable to 

contamination and will not 

be subsequently sterilized 

in its immediate container. 

To maintain product 

sterility, it is essential that 

the environment in which 

aseptic operations (e.g., 

equipment setup, filling) 

are conducted be 

controlled and maintained 

at an appropriate quality. 

One aspect of 

environmental quality is 

the particle content of the 

air. Particles are significant 

because they can enter a 

product as an extraneous 

contaminant, and can also 

contaminate it biologically 

by acting as a vehicle for 

microorganisms (Ref. 2). 

Appropriately designed air 

handling systems minimize 

particle content of a critical 

area.

15. The monitoring of 

Grade C and D areas in 

operation should be 

performed in accordance 

with the principles of 

quality risk management. 

The requirements and 

alert/action limits will 

depend on the nature of 

the operations carried out, 

but the recommended 

“clean up period” should 

be attained.

5. For classification 

purposes in Grade A 

zones, a minimum sample 

volume of 1m3 should be 

taken per sample location. 

For Grade A the airborne 

particle classification is 

ISO 4.8 dictated by the 

limit for particles ≥5.0 um. 

For Grade B (at rest) the 

airborne particle 

classification is ISO 5 for 

both considered particle 

sizes. For Grade C (at rest 

& in operation) the 

airborne particle 

classification is ISO 7 and 

ISO 8 respectively. For 

Grade D (at rest) the 

airborne particle 

classification is ISO 8. For 

classification purposes 

EN/ISO 14644-1 

methodology defines both 

the minimum number of 

sample locations and the 

sample size based on the 

class limit of the largest 

considered particle size 

and the method of 

evaluation of the data 

collected. 

• Grade A: The local zone 

for high-risk operations, 

e.g. filling and making 

aseptic connections. 

Normally such conditions 

are achieved by using a 

unidirectional airflow 

workstation. Unidirectional 

airflow systems should 

provide a homogeneous 

air speed of 0.36–0.54 m/s 

(guidance value) at a 

defined test position 15–30 

cm below the terminal filter 

or air distributor system. 

The velocity at working 

level should not be less 

than 0.36 m/s. The 

uniformity and 

effectiveness of the 

unidirectional airflow 

should be demonstrated by 

undertaking airflow 

visualization tests; 

• Grade B: In aseptic 

preparation and filling, this 

is the background 

environment for the grade 

A zone;

• Grades C and D: Clean 

areas for carrying out less 

critical stages in the 

manufacture of sterile 

products or carrying out 

activities during which the 

product is not directly 

exposed (i.e. aseptic 

connection with aseptic 

connectors and operations 

in a closed system).

A unidirectional airflow and 

lower velocities may be 

used in closed isolators 

and glove boxes.

4.6.2 For classification 

purposes in Grade A 

zones, a minimum sample 

volume of 1 m³ should be 

taken per sample location.

4.1 Clean room / clean air 

device classification 

A formal risk analysis study 

based on experiments and 

analysis of the monitoring 

data (over at least 6 

months of operation) 

should provide a basis for 

the determination of 

frequencies and limits.

Frequencies and limits 

should be process based 

and the results of the initial 

qualification and ongoing 

monitoring should be taken 

into account when setting 

operational alert and action 

limits.

These limits and sample 

locations should be 

periodically reviewed for 

on-going validity of the 

risks initially considered.

Those frequencies and 

limits should be process-

based and the results of 

the qualification should be 

taken into account.

4.2 Clean room/clean air 

device monitoring Section 

8: 

New text: Clean rooms and 

clean air devices should be 

routinely monitored in 

operation and the 

monitoring locations based 

on a formal risk analysis 

study and the results 

obtained during the 

classification of rooms 

and/or clean air devices.



USFDA - Sterile Drugs 
Products Produced by 

Aseptic Processing, 
Sep-2004, Sec. IV, 

Building and facilities

Annex 1, EU 
Manufacture Sterile 
Medicinal Products 

Guidelines - November 
25, 2008

WHO GMP Guidelines 
Annex 6

PIC/S PI032-02 Annex 1 
Guideline 

Interpretations

Air in the immediate 

proximity of exposed 

sterilized 

containers/closures and 

filling/closing operations 

would be of appropriate 

particle quality when it has 

a per-cubic-meter particle 

count of no more than 

3520 in a size range of 0.5 

µm and larger when 

counted at representative 

locations normally not 

more than 1 foot away 

from the work site, within 

the airflow, and during 

filling/closing operations. 

This level of air cleanliness 

is also known as Class 100 

(ISO 5).

We recommend that 

measurements to confirm 

air cleanliness in critical 

areas be taken at sites 

where there is most 

potential risk to the 

exposed sterilized product, 

containers, and closures. 

The particle counting 

probe should be placed in 

an orientation 

demonstrated to obtain a 

meaningful sample. 

Regular monitoring should 

be performed during each 

production shift. We 

recommend conducting 

nonviable particle 

monitoring with a remote 

counting system. These 

systems are capable of 

collecting more 

comprehensive data and 

are generally less invasive 

than portable particle 

counters. Some operations 

can generate high levels of 

product (e.g., powder) 

particles that, by their 

nature, do not pose a risk 

of product contamination.

1. The manufacture of 

sterile products should be 

carried out in clean areas 

entry to which should be 

through airlocks for 

personnel and/or for 

equipment and materials. 

Clean areas should be 

maintained to an 

appropriate cleanliness 

standard and supplied with 

air which has passed 

through filters of an 

appropriate efficiency.

 

6. Portable particle 

counters with a short 

length of sample tubing 

should be used for 

classification purposes 

because of the relatively 

higher rate of precipitation 

of particles ≥5.0um in 

remote sampling systems 

with long lengths of tubing. 

Isokinetic sample heads 

shall be used in 

unidirectional airflow 

systems.

4.7.1 For Grade A zones, 

particle monitoring should 

be undertaken for the full 

duration of critical 

processing, including 

equipment assembly, 

except where justified by 

contaminants in the 

process that would 

damage the particle 

counter or present a 

hazard, for example, live 

organisms and radiological 

hazards. In such cases 

monitoring during routine 

equipment set-up 

operations should be 

undertaken before 

exposure to the risk. 

Monitoring during 

simulated operations 

should also be performed. 

The Grade A zone should 

be monitored at a 

frequency and sample size 

such that all interventions, 

transient events and any 

system deterioration would 

be captured and alarms 

triggered if alert limits are 

exceeded. It is accepted 

that it may not always be 

possible to demonstrate 

low levels of ≥ 5.0 μm 

particles at the point of fill 

when filling is in progress, 

due to the generation of 

particles or droplets from 

the product itself.

4.9 Levels of detection of 

microbial contamination 

should be established for 

the purpose of setting alert 

and action limits and for 

monitoring the trends in 

environmental cleanliness 

in the facility. Limits 

expressed in colony-

forming units (CFU) for the 

microbiological monitoring 

of clean areas in operation. 

Interpretation: Frequency, 

location and number of 

monitoring locations 

should be based on a 

formal risk assessment 

and not on ISO 14644-1. 

Data obtained during 

classification and previous 

monitoring data should be 

considered. Critical 

locations should be 

covered.

4.2 Clean room / clean air 

device monitoring Section 

15: New text: The 

monitoring of Grade C and 

D areas in operation 

should be performed in 

accordance with the 

principles of quality risk 

management. 

The requirements and 

alert/action limits will 

depend on the nature of 

the operations carried out, 

but the recommended 

“clean up period” should 

be attained.

Interpretation: The number 

of sampling points and the 

sampling frequency are to 

be determined by at least a 

risk assessment, including 

risk identification, risk 

analysis and risk 

evaluation (see also GMP 

Annex 20). There is no 

need for a continuous 

monitoring. However, the 

frequency should be higher 

than that of re-qualification 

of these areas.



USFDA - Sterile Drugs 
Products Produced by 

Aseptic Processing, 
Sep-2004, Sec. IV, 

Building and facilities

Annex 1, EU 
Manufacture Sterile 
Medicinal Products 

Guidelines - November 
25, 2008

WHO GMP Guidelines 
Annex 6

PIC/S PI032-02 Annex 1 
Guideline 

Interpretations

It may not, in these cases, 

be feasible to measure air 

quality within the one-foot 

distance and still 

differentiate background 

levels of particles from air 

contaminants. In these 

instances, air can be 

sampled in a manner that, 

to the extent possible, 

characterizes the true level 

of extrinsic particle 

contamination to which the 

product is exposed. Initial 

qualification of the area 

under dynamic conditions 

without the actual filling 

function provides some 

baseline information on the 

non-product particle 

generation of the 

operation.

HEPA (High Efficiency 

Particulate Air) filtered air 

should be supplied in 

critical areas at a velocity 

sufficient to sweep 

particles away from the 

filling/closing area and 

maintain unidirectional 

airflow during operations. 

The velocity parameters 

established for each 

processing line should be 

justified and appropriate to 

maintain unidirectional 

airflow and air quality 

under dynamic conditions 

within the critical area (Ref. 

3). (A velocity of 0.45 

meters/second (90 feet per 

minute) has generally been 

established, with a range 

of plus or minus 20 percent 

around the set point. 

Higher velocities may be 

appropriate in operations 

generating high levels of 

particulates.)

9. For Grade A zones, 

particle monitoring should 

be undertaken for the full 

duration of critical 

processing, including 

equipment assembly, 

except where justified by 

contaminants in the 

process that would 

damage the particle 

counter or present a 

hazard, e.g., live 

organisms and radiological 

hazards. In such cases 

monitoring during routine 

equipment set up 

operations should be 

undertaken prior to 

exposure to the risk. 

Monitoring during 

simulated operations 

should also be performed. 

The Grade A zone should 

be monitored at such a 

frequency and with 

suitable sample size that 

all interventions, transient 

events, and any system 

deterioration would be 

captured and alarms 

triggered if alert limits are 

exceeded. It is accepted 

that it may not always be 

possible to demonstrate 

low levels of ≥5.0um 

particles at the point of fill 

when filling is in progress, 

due to the generation of 

particles or droplets from 

the product itself.

1.1 The production of 

sterile preparations should 

be carried out in clean 

areas, entry to which 

should be through airlocks 

for personnel and/or for 

equipment and materials. 

Clean areas should be 

maintained to an 

appropriate standard of 

cleanliness and supplied 

with air that has passed 

through filters of the 

required efficiency.

4.6.1.1 Classification 

should be clearly 

differentiated from 

operational process 

environmental monitoring. 

11.9 A filtered air supply 

should be used to maintain 

a positive pressure and an 

airflow relative to 

surrounding areas of a 

lower grade under all 

operational conditions; it 

should flush the area 

effectively. Adjacent rooms 

of different grades should 

have a pressure differential 

of approximately 10–15 

Pascal (guidance value). 

Particular attention should 

be paid to the protection of 

the zone of greatest risk, 

i.e. the immediate 

environment to which the 

product and the cleaned 

components in contact with 

it are exposed. The 

recommendations 

regarding air supplies and 

pressure differentials may 

need to be modified where 

it becomes necessary to 

contain certain materials, 

e.g. pathogenic, highly 

toxic, radioactive, or live 

viral or bacterial materials 

or products. 

4.1.3 It should be 

considered that inert gases 

will prevent the growth of 

aerobic microorganisms. 

Therefore, for process 

simulations sterile filtered 

air should be used instead 

of inert gases, also for 

breaking a vacuum.

Where anaerobes are 

detected in the 

environmental monitoring 

or sterility testing, the use 

of an inert gas should be 

considered for a process 

simulation, as inert gas is 

supporting the growth of 

anaerobes.

4.1.4 Before enumerating 

the different process 

simulation test procedures 

some preliminary 

explanations are 

necessary for the 

preparation of liquid media 

as it is used for the 

majority of the process 

simulation tests.

Where a liquid nutrient 

medium is used, it should 

be prepared in a similar 

manner to the product.
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Proper design and control 

prevents turbulence and 

stagnant air in the critical 

area.

Once relevant parameters 

are established, it is crucial 

that airflow patterns be 

evaluated for turbulence or 

eddy currents that can act 

as a channel or reservoir 

for air contaminants (e.g., 

from an adjoining lower 

classified area). 

In situ air pattern analysis 

should be conducted at the 

critical area to demonstrate 

unidirectional airflow and 

sweeping action over and 

away from the product 

under dynamic conditions. 

The studies should be well 

documented with written 

conclusions, and include 

evaluation of the impact of 

aseptic manipulations 

(e.g., interventions) and 

equipment design. 

Videotape or other 

recording mechanisms 

have been found to be 

useful aides in assessing 

airflow initially as well as 

facilitating evaluation of 

subsequent equipment 

configuration changes. It is 

important to note that even 

successfully qualified 

systems can be 

compromised by poor 

operational, maintenance, 

or personnel practices.

10. It is recommended that 

a similar system be used 

for Grade B zones 

although the sample 

frequency may be 

decreased. The 

importance of the particle 

monitoring system should 

be determined by the 

effectiveness of the 

segregation between the 

adjacent Grade A and B 

zones. The Grade B zone 

should be monitored at 

such a frequency and with 

suitable sample size that 

changes in levels of 

contamination and any 

system deterioration would 

be captured and alarms 

triggered if alert limits are 

exceeded.

8. Clean rooms and clean 

air devices should be 

routinely monitored in 

operation and the 

monitoring locations based 

on a formal risk analysis 

study and the results 

obtained during the 

classification of rooms 

and/or clean air devices.

54. It should be 

demonstrated that air-flow 

patterns do not present a 

contamination risk, e.g. 

care should be taken to 

ensure that air flows do not 

distribute particles from a 

particle¬ generating 

person, operation or 

machine to a zone of 

higher product risk.

The decontamination of 

the facilities and the 

treatment of air leaving a 

clean area may be 

necessary for some 

operations.

11.10 It should be 

demonstrated that airflow 

patterns do not present a 

contamination risk; for 

example, care should be 

taken to ensure that 

particles from a particle-

generating person, 

operation or machine are 

not conveyed to a zone of 

higher product risk. 

11.8 Airlock doors should 

not be opened 

simultaneously. An 

interlocking system and a 

visual and/or audible 

warning system should be 

operated to prevent the 

opening of more than one 

door at a time. 

11.11 A warning system 

should be operated to 

indicate failure in the air 

supply. Indicators of 

pressure differentials 

should be fitted between 

areas where this difference 

is important, and the 

pressure differentials 

should be regularly 

recorded and failure 

alarmed. 

4.4 In order to reach the B, 

C and D air grades the 

number of air changes 

should be appropriate for 

the size of the room and 

the equipment and 

personnel present in it.

The medium should be 

dissolved in Water for 

Injection in a standard 

manufacturing vessel. If 

heat is required to dissolve 

it then only minimal heat 

should be used. The pH of 

the medium should be 

measured and, if 

necessary, adjusted to 

bring it into the required 

range. The medium should 

be aseptically filtered into 

an aseptic holding vessel 

using the normal 

production filter and 

processing procedure. In 

justified cases it may be 

also acceptable to sterilize 

the media. All aseptic 

holding vessels should be 

covered by a process 

simulation test on a regular 

basis unless a validated, 

pressure hold or vacuum 

hold test is routinely 

performed.

9.7.1 Aseptic holding and 

filling vessels should be 

subject to routine planned 

preventive maintenance. 

Gaskets and O-rings 

should be checked 

regularly. Sight-glass 

gaskets are rarely checked 

routinely, and, after a 

number of autoclave 

cycles, may become brittle 

and allow bypass of room 

air. All vessels should be 

subject to regular leak 

testing (pressure hold or 

vacuum hold). Where 

glass vessels are used, an 

alternative leak test 

method should be advised.
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Air monitoring samples of 

critical areas should 

normally yield no 

microbiological 

contaminants. We 

recommend affording 

appropriate investigative 

attention to contamination 

occurrences in this 

environment.

Supporting clean areas 

can have various 

classifications and 

functions. Many support 

areas function as zones in 

which non-sterile 

components, formulated 

products, in-process 

materials, equipment, and 

container/closures are 

prepared, held, or 

transferred. These 

environments are soundly 

designed when they 

minimize the level of 

particle contaminants in 

the final product and 

control the microbiological 

content (bio-burden) of 

articles and components 

that are subsequently 

sterilized.

The nature of the activities 

conducted in a supporting 

clean area determines its 

classification. FDA 

recommends that the area 

immediately adjacent to 

the aseptic processing line 

meet, at a minimum, Class 

10,000 (ISO 7) standards 

under dynamic conditions. 

Manufacturers can also 

classify this area as Class 

1,000 (ISO 6) or maintain 

the entire aseptic filling 

room at Class 100 (ISO 5).

13. In Grade A and B 

zones, the monitoring of 

the ≥5.0um particle 

concentration count takes 

on a particular significance 

as it is an important 

diagnostic tool for early 

detection of failure. The 

occasional indication of 

≥5.0um particle counts 

may be false counts due to 

electronic noise, stray light, 

coincidence, etc. However, 

consecutive or regular 

counting of low levels is an 

indicator of a possible 

contamination event and 

should be investigated. 

Such events may indicate 

early failure of the HVAC 

system, filling equipment 

failure or may also be 

diagnostic of poor 

practices during machine 

set-up and routine 

operation.

18. Where aseptic 

operations are performed 

monitoring should be 

frequent using methods 

such as settle plates, 

volumetric air, and surface 

sampling (e.g., swabs and 

contact plates). Sampling 

methods used in operation 

should not interfere with 

zone protection. Results 

from monitoring should be 

considered when reviewing 

batch documentation for 

finished product release. 

Surfaces and personnel 

should be monitored after 

critical operations. 

Additional microbiological 

monitoring is also required 

outside production 

operations, e.g. after 

validation of systems, 

cleaning and sanitization.

4.37 Components, bulk-

product containers, 

equipment, and any other 

articles required in a clean 

area where aseptic work is 

in progress, should be 

sterilized and wherever 

possible passed into the 

area through double-ended 

sterilizers sealed into the 

wall. Other procedures that 

prevent the introduction of 

contamination may be 

acceptable in some 

circumstances. 

4.35 Any gas that is used 

to purge a solution or 

blanket a product should 

be passed through a 

sterilizing filter. 

7.7 The integrity of the 

sterilized filter should be 

verified before use and 

should be confirmed 

immediately after use by 

an appropriate method 

such as a bubble point, 

diffusive flow or pressure 

hold test. The time taken to 

filter a known volume of 

bulk solution and the 

pressure difference to be 

used across the filter 

should be determined 

during validation and any 

significant differences from 

these during routine 

manufacturing should be 

noted and investigated. 

Results of these checks 

should be included in the 

batch record. The integrity 

of critical gas and air vent 

filters should be confirmed 

after use. The integrity of 

other filters should be 

confirmed at appropriate 

intervals. Consideration 

should be given to

9.6.1 It is important that 

the integrity of critical gas 

and air vent filters is 

confirmed immediately 

after the filling and if it fails, 

the disposition of the batch 

determined. In practice 

vent filters fail the integrity 

test more frequently than 

product filters as generally 

they are less robust and 

more sensitive to pressure 

differentials during steam 

sterilization.
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An area classified at a 

Class 100,000 (ISO 8) air 

cleanliness level is 

appropriate for less critical 

activities (e.g., equipment 

cleaning).

An essential part of 

contamination prevention 

is the adequate separation 

of areas of operation. To 

maintain air quality, it is 

important to achieve a 

proper airflow from areas 

of higher cleanliness to 

adjacent less clean areas. 

It is vital for rooms of 

higher air cleanliness to 

have a substantial positive 

pressure differential 

relative to adjacent rooms 

of lower air cleanliness. 

For example, a positive 

pressure differential of at 

least 10-15 Pascal (Pa) 

(equal to 0.04-0.06 inches 

of water gauge) should be 

maintained between 

adjacent rooms of differing 

classification (with doors 

closed). When doors are 

open, outward airflow 

should be sufficient to 

minimize ingress of 

contamination, and it is 

critical that the time a door 

can remain ajar be strictly 

controlled (Ref. 4).

19. Recommended limits 

for microbiological 

monitoring of clean areas 

during operation: (See 

table)

46. In clean areas, all 

exposed surfaces should 

be smooth, impervious and 

unbroken in order to 

minimize the shedding or 

accumulation of particles 

or micro-organisms and to 

permit the repeated 

application of cleaning 

agents, and disinfectants 

where used.

47. To reduce 

accumulation of dust and 

to facilitate cleaning there 

should be no uncleanable 

recesses and a minimum 

of projecting ledges, 

shelves, cupboards, and 

equipment. Doors should 

be designed to avoid those 

uncleanable recesses; 

sliding doors may be 

undesirable for this reason.

48. False ceilings should 

be sealed to prevent 

contamination from the 

space above them.

49. Pipes and ducts and 

other utilities should be 

installed so that they do 

not create recesses, 

unsealed openings and 

surfaces which are difficult 

to clean.

64. Precautions to 

minimize contamination 

should be taken during all 

processing stages 

including the stages before 

sterilization.

increase monitoring of filter 

integrity in processes that 

involve harsh conditions, 

e.g. the circulation of high-

temperature air. 

7.4 Certain solutions and 

liquids that cannot be 

sterilized in the final 

container can be filtered 

through a sterile filter of 

nominal pore size 0.22 

micron (or less), or with at 

least equivalent 

microorganism-retaining 

properties, into a 

previously sterilized 

container. Such filters can 

remove bacteria and 

molds, but not all viruses 

or mycoplasmas. 

Consideration should be 

given to complementing 

the filtration process with 

some degree of heat 

treatment. Filtration alone 

is not considered sufficient 

when sterilization in the 

final container is possible. 

Of the methods currently 

available, steam 

sterilization is preferred. 

7.5 Owing to the potential 

additional risks of the 

filtration method as 

compared with other 

sterilization processes, a 

double-filter layer or 

second filtration through a 

further sterilized 

microorganism-retaining 

filter immediately prior to 

filling may be advisable. 

The final sterile filtration 

should be carried out as 

close as possible to the 

filling point. 
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In some cases, the aseptic 

processing room and 

adjacent cleanrooms have 

the same classification. 

Maintaining a pressure 

differential (with doors 

closed) between the 

aseptic processing room 

and these adjacent rooms 

can provide beneficial 

separation. In any facility 

designed with an 

unclassified room adjacent 

to the aseptic processing 

room, a substantial 

overpressure (e.g., at least 

12.5 Pa) from the aseptic 

processing room should be 

maintained at all times to 

prevent contamination. If 

this pressure differential 

drops below the minimum 

limit, it is important that the 

environmental quality of 

the aseptic processing 

room be restored and 

confirmed.

The Agency recommends 

that pressure differentials 

between cleanrooms be 

monitored continuously 

throughout each shift and 

frequently recorded. All 

alarms should be 

documented and 

deviations from 

established limits should 

be investigated.

53. A filtered air supply 

should maintain a positive 

pressure and an air flow 

relative to surrounding

Areas of a lower grade 

under all operational 

conditions and should flush 

the area effectively. 

Adjacent rooms of different 

grades should have a 

pressure differential of 10 - 

15 Pascal (guidance 

values). Particular 

attention should be paid to 

the protection of the zone 

of greatest risk, that is, the 

immediate environment to 

which a product and 

cleaned components which 

contact the product are 

exposed. The various 

recommendations 

regarding air supplies and 

pressure differentials may 

need to be modified where 

it becomes necessary to 

contain some materials, 

e.g., pathogenic, highly 

toxic, radioactive, or live 

viral or bacterial materials 

or products. 

Decontamination of 

facilities and treatment of 

air leaving a clean area 

may be necessary for 

some operations.

55. A warning system 

should be provided to 

indicate failure in the air 

supply. Indicators of 

pressure differences 

should be fitted between 

areas where these 

differences are important. 

These pressure differences 

should be recorded 

regularly or otherwise 

documented.

7.6 The fiber-shedding 

characteristics of filters 

should be minimal (virtually 

zero). Asbestos-containing 

filters should not be used 

under any circumstances. 

4.5 High-efficiency 

particulate air (HEPA) 

filters should be subjected 

to an installed filter 

leakage test in accordance 

with ISO 14644-3 (3) at a 

recommended interval of 

every 6 months, but not 

exceeding 12 months. The 

purpose of performing 

regular leak tests is to 

ensure the filter media, 

filter frame and filter seal 

are free from leaks. The 

aerosol selected for HEPA 

leak testing should not 

support microbial growth 

and should be composed 

of a sufficient number or 

mass of particles. HEPA 

filter patching is allowed at 

the filter manufacturer and 

in situ operation provided 

that the patch sizes and 

procedures follow the 

recommendations of ISO 

1822-4 (4).

6.7 Sterilization by dry heat 

may be suitable for non-

aqueous liquids or dry-

powder products. The 

process used should 

include air circulation 

within the chamber and the 

maintenance of a positive 

pressure to prevent the 

entry of non-sterile air. If 

air is supplied it should be 

passed through a 

microorganism-retaining 

filter (e.g., a HEPA filter). 

Where sterilization by dry 

heat is also intended to 

remove pyrogens, 
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Air change rate is another 

important cleanroom 

design parameter. For 

Class 100,000 (ISO 8) 

supporting rooms, airflow 

sufficient to achieve at 

least 20 air changes per 

hour is typically 

acceptable. Significantly 

higher air change rates are 

normally needed for Class 

10,000 and Class 100 

areas.

A suitable facility 

monitoring system will 

rapidly detect atypical 

changes that can 

compromise the facility’s 

environment. An effective 

system facilitates 

restoration of operating 

conditions to established, 

qualified levels before 

reaching action levels. For 

example, pressure 

differential specifications 

should enable prompt 

detection (i.e., alarms) of 

an emerging low pressure 

problem to preclude 

ingress of unclassified air 

into a classified room.

A compressed gas should 

be of appropriate purity 

(e.g., free from oil) and it’s 

microbiological and particle 

quality after filtration 

should be equal to or 

better than that of the air in 

the environment into which 

the gas is introduced. 

Compressed gases such 

as air, nitrogen, and 

carbon dioxide are often 

used in cleanrooms and 

are frequently employed in 

purging or overlaying.

81. Components, 

containers, equipment, and 

any other article required 

in a clean area where 

aseptic work takes place 

should be sterilized and 

passed into the area 

through double-ended 

sterilizers sealed into the 

wall, or by a procedure 

which achieves the same 

objective of not introducing 

contamination. Non-

combustible gases should 

be passed through micro-

organism retentive filters.

93. After the high 

temperature phase of a 

heat sterilization cycle, 

precautions should be 

taken against 

contamination of a 

sterilized load during 

cooling. Any cooling fluid 

or gas in contact with the 

product should be 

sterilized unless it can be 

shown that any leaking 

container would not be 

approved for use.

challenge tests using 

endotoxins are required as 

part of the validation.

12.5 All equipment such as 

sterilizers, air-handling and 

filtration systems, air vent 

and gas filters, water 

treatment, generation, 

storage, and distribution 

systems should be subject 

to validation and planned 

maintenance; their return 

to use should be approved. 

12.4 When equipment 

maintenance is carried out 

within a clean area, clean 

instruments and tools 

should be used and the 

area should be cleaned 

and disinfected again, 

where appropriate, before 

processing recommences, 

if the required standards of 

cleanliness and/or asepsis 

have not been maintained 

during the maintenance 

work. 

10.1 Only the minimum 

number of personnel 

required should be present 

in clean areas; this is 

particularly important 

during aseptic processes. 

As far as possible, 

inspections and controls 

should be conducted from 

outside such areas.

11.1 All premises should as 

far as possible be 

designed to avoid the 

unnecessary entry of 

supervisory or control 

personnel. Grade A and B 

areas should be designed 

so that all operations can 

be observed from outside. 
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Membrane filters can be 

used to filter a compressed 

gas to meet an appropriate 

high-quality standard. 

These filters are often 

used to produce a sterile 

compressed gas to 

conduct operations 

involving sterile materials, 

such as components and 

equipment. For example, 

we recommend that sterile 

membrane filters be used 

for autoclave air lines, 

lyophilizer vacuum breaks, 

and tanks containing 

sterilized materials. 

Sterilized holding tanks 

and any contained liquids 

should be held under 

positive pressure or 

appropriately sealed to 

prevent microbial 

contamination. Safeguards 

should be in place to 

prevent a pressure change 

that can result in 

contamination due to back 

flow of non-sterile air or 

liquid.

Gas filters (including vent 

filters) should be dry. 

Condensate on a gas filter 

can cause blockage during 

use or allow for the growth 

of microorganisms. Use of 

hydrophobic filters, as well 

as application of heat to 

these filters, where 

appropriate, prevents 

problematic moisture 

residues. 

113. The integrity of the 

sterilized filter should be 

verified before use and 

should be confirmed 

immediately after use by 

an appropriate method 

such as a bubble point, 

diffusive flow or pressure 

hold test. The time taken to 

filter a known volume of 

bulk solution and the 

pressure to be used across 

the filter should be 

determined during 

validation and any 

significant differences from 

this during routine 

manufacturing should be 

noted and investigated. 

Results of these checks 

should be included in the 

batch record. The integrity 

of critical gas and air vent 

filters should be confirmed 

after use. The integrity of 

other filters should be 

confirmed at appropriate 

intervals.

50. Sinks and drains 

should be prohibited in 

grade A/B areas used for 

aseptic manufacture. In 

other areas, air breaks 

should be fitted between 

the machine or sink and 

the drains. Floor drains in 

lower grade clean rooms 

should be fitted with traps 

or water seals to prevent 

backflow.

11.12 Consideration should 

be given to restricting 

unnecessary access to 

critical filling areas, e.g., 

grade A filling zones, by 

means of a physical 

barrier. 

12.1 A conveyor belt 

should not pass through a 

partition between a grade 

A or B clean area and a 

processing area of lower 

air cleanliness, unless the 

belt itself is continuously 

sterilized (e.g. in a 

sterilizing tunnel). 

11.7 Changing rooms 

should be designed as 

airlocks and used to 

provide physical 

separation of the different 

stages of changing and so 

minimize microbial and 

particulate contamination 

of protective clothing. They 

should be flushed 

effectively with filtered air. 

The final stage of the 

changing room should, in 

the at-rest state, be the 

same grade as the area 

into which it leads. The use 

of separate changing 

rooms for entering and 

leaving clean areas is 

sometimes desirable. In 

general hand-washing 

facilities should be 

provided only in the first 

stage of the changing 

rooms. There should not 

be a change of more than 

one grade between 

airlocks or passages and 

changing rooms, i.e. a 

grade D passage can lead 

to a grade C airlock, which 

leads to a grade B 

changing room, which
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We recommend that filters 

that serve as sterile 

boundaries or supply 

sterile gases that can 

affect product be integrity 

tested upon installation 

and periodically thereafter 

(e.g., end of use). Integrity 

tests are also 

recommended after 

activities that may damage 

the filter. Integrity test 

failures should be 

investigated, and filters 

should be replaced at 

appropriate, defined 

intervals.

HEPA filter integrity should 

be maintained to ensure 

aseptic conditions. (The 

same broad principles can 

be applied to ULPA filters). 

Leak testing should be 

performed at installation to 

detect integrity breaches 

around the sealing 

gaskets, through the 

frames, or through various 

points on the filter media. 

Thereafter, leak tests 

should be performed at 

suitable time intervals for 

HEPA filters in the aseptic 

processing facility. For 

example, such testing 

should be performed twice 

a year for the aseptic 

processing room. 

Additional testing may be 

appropriate when air 

quality is found to be 

unacceptable, facility 

renovations might be the 

cause of disturbances to 

ceiling or wall structures, 

or as part of an 

investigation into a media 

fill or drug product sterility 

failure. 

110. Filtration alone is not 

considered sufficient when 

sterilization in the final 

container is possible. With 

regard to methods 

currently available, steam 

sterilization is to be 

preferred. If the product 

cannot be sterilized in the 

final container, solutions or 

liquids can be filtered 

through a sterile filter of 

nominal pore size of 0.22 

micron (or less), or with at 

least equivalent micro-

organism retaining 

properties, into a 

previously sterilized 

container. Such filters can 

remove most bacteria and 

molds, but not all viruses 

or mycoplasmas. 

Consideration should be 

given to complementing 

the filtration process with 

some degree of heat 

treatment.

111. Due to the potential 

additional risks of the 

filtration method as 

compared with other 

sterilization processes, a 

second filtration via a 

further sterilized micro-

organism retaining filter, 

immediately prior to filling, 

may be advisable. The 

final sterile filtration should 

be carried out as close as 

possible to the filling point.

112. Fiber-shedding 

characteristics of filters 

should be minimal. 

leads to a grade B clean 

room. Changing rooms 

should be of a sufficient 

size to allow for ease of 

changing. Changing rooms 

should be equipped with 

mirrors so that personnel 

can confirm the correct fit 

of garments before leaving 

the changing room.

13.2 The container closure 

system for aseptically filled 

vials is not fully integral 

until the aluminum cap has 

been crimped into place on 

the stoppered vial. 

Crimping of the cap 

should, therefore, be 

performed as soon as 

possible after stopper 

insertion.

13.7 Containers sealed 

under vacuum should be 

tested for maintenance of 

that vacuum after an 

appropriate, predetermined 

period. 

11.2 In clean areas all 

exposed surfaces should 

be smooth, impervious, 

and unbroken to minimize 

the shedding or 

accumulation of particles 

or microorganisms and to 

permit the repeated 

application of cleaning 

agents and disinfectants, 

where used.
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Among the filters that 

should be leak tested are 

those installed in dry heat 

Depyrogenation tunnels 

and ovens commonly used 

to depyrogenate glass 

vials. Where justified, 

alternate methods can be 

used to test HEPA filters in 

the hot zones of these 

tunnels and ovens.

Any aerosol used for 

challenging a HEPA filter 

should meet specifications 

for critical physicochemical 

attributes such as viscosity. 

Dioctylphthalate (DOP) 

and poly-alpha-olefin 

(PAO) are examples of 

appropriate leak testing 

aerosols. Some aerosols 

are problematic because 

they pose the risk of 

microbial contamination of 

the environment being 

tested. Accordingly, the 

evaluation of any 

alternative aerosol involves 

ensuring it does not 

promote microbial growth.

There is a major difference 

between filter leak testing 

and efficiency testing. An 

efficiency test is a general 

test used to determine the 

rating of the filter. (The 

efficiency test uses a 

mono-dispersed aerosol of 

0.3 micron sized particles 

and assesses filter media. 

Downstream readings 

represent an average over 

the entire filter surface. 

Efficiency tests are not 

intended to test for filter 

leaks.)

97. The process used 

should include air 

circulation within the 

chamber and the 

maintenance of a positive 

pressure to prevent the 

entry of non-sterile air. Any 

air admitted should be 

passed through a HEPA 

filter. Where this process is 

also intended to remove 

pyrogens, challenge tests 

using endotoxins should 

be used as part of the 

validation.

60. All equipment such as 

sterilizers, air handling and 

filtration systems, air vent 

and gas filters, water 

treatment, generation, 

storage and distribution 

systems should be subject 

to validation and planned 

maintenance; their return 

to use should be approved.

51. Changing rooms 

should be designed as 

airlocks and used to 

provide physical 

separation of the different 

stages of changing and so 

minimize microbial and 

particulate contamination 

of protective clothing. They 

should be flushed 

effectively with filtered air. 

The final stage of the 

changing room should, in 

the at-rest state, be the 

same grade as the area 

into which it leads. The use 

of separate changing 

rooms for entering and 

leaving clean areas is 

sometimes desirable. In 

general hand washing 

facilities should be 

provided only in the first 

stage of the changing 

rooms.

11.3 To reduce the 

accumulation of dust and 

to facilitate cleaning, there 

should be no uncleanable 

recesses and a minimum 

of projecting ledges, 

shelves, cupboards, and 

equipment. Doors should 

be carefully designed to 

avoid uncleanable 

recesses; sliding doors 

may be undesirable for this 

reason. Swing doors 

should open to the high-

pressure side and be 

provided with self-closers. 

Exceptions are permitted 

based on egress and site 

environmental, health and 

safety containment 

requirements.

11.4 False ceilings should 

be sealed to prevent 

contamination from the 

void space above them. 

11.5 Pipes and ducts and 

other utilities should be 

installed so that they do 

not create recesses, 

unsealed openings and 

surfaces that are difficult to 

clean. Sanitary pipes and 

fittings should be used and 

threaded pipe connections 

should be avoided.
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An intact HEPA filter 

should be capable of 

retaining at least 99.97 

percent of particulates 

greater than 0.3 µm in 

diameter.

The purpose of performing 

regularly scheduled leak 

tests, on the other hand, is 

to detect leaks from the 

filter media, filter frame, or 

seal. The challenge 

involves use of a poly-

dispersed aerosol usually 

composed of particles with 

a light-scattering mean 

droplet diameter in the 

submicron size range, 

including a sufficient 

number of particles at 

approximately 0.3 µm. 

(Although the mean is 

normally less than one 

micron, it is greater than 

0.3 µm.) Performing a leak 

test without introducing a 

sufficient upstream 

challenge of particles of 

known size upstream of 

the filter is ineffective for 

detecting leaks. It is 

important to introduce an 

aerosol upstream of the 

filter in a concentration that 

is appropriate for the 

accuracy of the aerosol 

photometer. The leak test 

should be done in place, 

and the filter face scanned 

on the downstream side 

with an appropriate 

photometer probe, at a 

sampling rate of at least 

one cubic foot per minute. 

The downstream leakage 

measured by the probe 

should then be calculated 

as a percent of the 

upstream challenge

52. Both airlock doors 

should not be opened 

simultaneously. An 

interlocking system or a 

visual and/or audible 

warning system should be 

operated to prevent the 

opening of more than one 

door at a time.

34. Prior to the completion 

of stoppering, transfer of 

partially closed containers, 

as used in freeze drying 

should be done either in a 

grade A environment with 

grade B background or in 

sealed transfer trays in a 

grade B environment.

 

11.6 Sinks and drains 

should be avoided 

wherever possible and 

should be excluded from 

grade A and B areas where 

aseptic operations are 

carried out. Where 

installed they should be 

designed, located and 

maintained so as to 

minimize the risks of 

microbial contamination; 

they should be fitted with 

effective, easily cleanable 

traps and with air breaks to 

prevent backflow. Any floor 

channels should be open 

and easily cleanable and 

be connected to drains 

outside the area in a 

manner that prevents the 

ingress of microbial 

contaminants. 

12.2 Whenever possible, 

equipment used for 

processing sterile products 

should be chosen so that it 

can be effectively sterilized 

by steam or dry heat or 

other methods. 

12.3 As far as possible, 

equipment fittings and 

services should be 

designed and installed so 

that operations, 

maintenance, and repairs 

can be carried out outside 

the clean area. Equipment 

that has to be taken apart 

for maintenance should be 

re-sterilized after complete 

reassembly, wherever 

possible. 
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An appropriate scan 

should be conducted on 

the entire filter face and 

frame, at a position about 

one to two inches from the 

face of the filter. This 

comprehensive scanning 

of HEPA filters should be 

fully documented.

A single probe reading 

equivalent to 0.01 percent 

of the upstream challenge 

would be considered as 

indicative of a significant 

leak and calls for 

replacement of the HEPA 

filter or, when appropriate, 

repair in a limited area. A 

subsequent confirmatory 

retest should be performed 

in the area of any repair.

HEPA filter leak testing 

alone is insufficient to 

monitor filter performance. 

It is important to conduct 

periodic monitoring of filter 

attributes such as 

uniformity of velocity 

across the filter (and 

relative to adjacent filters). 

Variations in velocity can 

cause turbulence that 

increases the possibility of 

contamination. Velocities 

of unidirectional air should 

be measured 6 inches 

from the filter face and at a 

defined distance proximal 

to the work surface for 

HEPA filters in the critical 

area. Velocity monitoring at 

suitable intervals can 

provide useful data on the 

critical area in which 

aseptic processing is 

performed. 
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The measurements should 

correlate to the velocity 

range established at the 

time of in situ air pattern 

analysis studies. HEPA 

filters should be replaced 

when non-uniformity of air 

velocity across an area of 

the filter is detected or 

airflow patterns may be 

adversely affected.

Although contractors often 

provide these services, 

drug manufacturers are 

responsible for ensuring 

that equipment 

specifications, test 

methods, and acceptance 

criteria are defined, and 

that these essential 

certification activities are 

conducted satisfactorily.

Note: The design concepts 

discussed within this 

section are not intended to 

be exhaustive. Other 

appropriate technologies 

that achieve increased 

sterility assurance are also 

encouraged.

Aseptic processes are 

designed to minimize 

exposure of sterile articles 

to the potential 

contamination hazards of 

the manufacturing 

operation. Limiting the 

duration of exposure of 

sterile product elements, 

providing the highest 

possible environmental 

control, optimizing process 

flow, and designing 

equipment to prevent 

entrainment of lower 

quality air into the Class 

100 (ISO 5) clean area are 

essential to achieving high 

assurance of sterility (Ref. 

4).
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Both personnel and 

material flow should be 

optimized to prevent 

unnecessary activities that 

could increase the 

potential for introducing 

contaminants to exposed 

product, container-

closures, or the 

surrounding environment. 

The layout of equipment 

should provide for 

ergonomics that optimize 

comfort and movement of 

operators. The number of 

personnel in an aseptic 

processing room should be 

minimized. The flow of 

personnel should be 

designed to limit the 

frequency with which 

entries and exits are made 

to and from an aseptic 

processing room and, most 

significant, its critical area. 

Regarding the latter, the 

number of transfers into 

the critical area of a 

traditional cleanroom, or 

an isolator, should be 

minimized. To prevent 

changes in air currents that 

introduce lower quality air, 

movement adjacent to the 

critical area should be 

appropriately restricted.
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Any intervention or 

stoppage during an aseptic 

process can increase the 

risk of contamination. The 

design of equipment used 

in aseptic processing 

should limit the number 

and complexity of aseptic 

interventions by personnel. 

For example, personnel 

intervention can be 

reduced by integrating an 

on-line weight check 

device, thus eliminating a 

repeated manual activity 

within the critical area. 

Rather than performing an 

aseptic connection, 

sterilizing the 

preassembled connection 

using sterilize-in-place 

(SIP) technology also can 

eliminate a significant 

aseptic manipulation. 

Automation of other 

process steps, including 

the use of technologies 

such as robotics, can 

further reduce risk to the 

product.

Products should be 

transferred under 

appropriate cleanroom 

conditions. For example, 

lyophilization processes 

include transfer of 

aseptically filled product in 

partially sealed containers. 

To prevent contamination, 

a partially closed sterile 

product should be 

transferred only in critical 

areas. 
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(Appropriately designed 

transfer equipment 

provides these conditions 

and can be qualified for 

this purpose.) Facility 

design should ensure that 

the area between a filling 

line and the lyophilizer 

provide for Class 100 (ISO 

5) protection. Transport 

and loading procedures 

should afford the same 

protection.

The sterile drug product 

and its container-closures 

should be protected by 

equipment of suitable 

design. Carefully designed 

curtains and rigid plastic 

shields are among the 

barriers that can be used 

in appropriate locations to 

achieve segregation of the 

aseptic processing line. 

Use of an isolator system 

further enhances product 

protection (see Appendix 

1).

Due to the 

interdependence of the 

various rooms that make 

up an aseptic processing 

facility, it is essential to 

carefully define and control 

the dynamic interactions 

permitted between 

cleanrooms. Use of a 

double-door or integrated 

sterilizer helps ensure 

direct product flow, often 

from a lower to a higher 

classified area. Airlocks 

and interlocking doors will 

facilitate better control of 

air balance throughout the 

aseptic processing facility. 
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Airlocks should be installed 

between the aseptic 

manufacturing area 

entrance and the adjoining 

unclassified area. Other 

interfaces such as 

personnel transitions or 

material staging areas are 

appropriate locations for 

air locks. It is critical to 

adequately control material 

(e.g., in-process supplies, 

equipment, utensils) as it 

transfers from lesser to 

higher classified clean 

areas to prevent the influx 

of contaminants. For 

example, written 

procedures should address 

how materials are to be 

introduced into the aseptic 

processing room to ensure 

that room conditions 

remain uncompromised. In 

this regard, materials 

should be disinfected 

according to appropriate 

procedures or, when used 

in critical areas, rendered 

sterile by a suitable 

method.

If stoppered vials exit an 

aseptic processing zone or 

room prior to capping, 

appropriate assurances 

should be in place to 

safeguard the product, 

such as local protection 

until completion of the 

crimping step. Use of 

devices for on-line 

detection of improperly 

seated stoppers can 

provide additional 

assurance.
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Cleanrooms are normally 

designed as functional 

units with specific 

purposes. The materials of 

construction of cleanrooms 

ensure ease of cleaning 

and sanitizing. Examples 

of adequate design 

features include seamless 

and rounded floor to wall 

junctions as well as readily 

accessible corners. Floors, 

walls, and ceilings should 

be constructed of smooth, 

hard surfaces that can be 

easily cleaned. Ceilings 

and associated HEPA filter 

banks should be designed 

to protect sterile materials 

from contamination. 

Cleanrooms also should 

not contain unnecessary 

equipment, fixtures, or 

materials.

Processing equipment and 

systems should be 

equipped with sanitary 

fittings and valves. With 

rare exceptions, drains are 

considered inappropriate 

for classified areas of the 

aseptic processing facility 

other than Class 100,000 

(ISO 8) areas. It is 

essential that any drain 

installed in an aseptic 

processing facility be of 

suitable design.
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Equipment should be 

appropriately designed (§ 

211.63) to facilitate ease of 

sterilization. It is also 

important to ensure ease 

of installation to facilitate 

aseptic setup. The effect of 

equipment design on the 

cleanroom environment 

should be addressed. 

Horizontal surfaces or 

ledges that accumulate 

particles should be 

avoided. Equipment should 

not obstruct airflow and, in 

critical areas, its design 

should not disturb 

unidirectional airflow.

Deviation or change 

control systems should 

address atypical conditions 

posed by shutdown of air 

handling systems or other 

utilities, and the impact of 

construction activities on 

facility control. Written 

procedures should address 

returning a facility to 

operating conditions 

following a shutdown.
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Eurovent 4/5 Rating EN 799 & EN 1822

EU4 G4

EU5 M5

EU6 M6

EU7 F7

EU8 F8

EU9 E10

EU13 H14



Sr. No. Area Classification Design Temp Design Humidity

1 Process Rooms (Dispensing, Sampling, 
Manufacturing, Sifting, Blending, 

Compression, Coating, Inspection, 
Primary Packing, Day & In-process 

store

ISO-8 at Rest 19 to 25°C 40% to 55%

2 Process Corridor ISO-8 at Rest 19 to 25°C 40% to 55%

3 RM, PM, SPM Controlled Unclassified 15 to 25°C 30% to 60%

4 TPM Controlled Unclassified 15 to 25°C 40% to 75%

5 F.G. Store Controlled Unclassified 15 to 25°C 30% to 75%

6 Packing Hall Controlled Unclassified 15 to 25°C 30% to 75%

7 Qc Controlled Unclassified 15 to 25°C 30% to 75%

8 Micro Supporting Area ISO-8 at Rest 19 to 25°C 40% to 60%
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Level Condition Example of area

Level 1 General Area with normal housekeeping and maintenance where there is no 
potential for product contamination, e.g., warehousing.

Level 2 Protected Area in which steps are taken to protect the pharmaceutical starting 
material or product from direct or indirect contamination or degradation, 

e.g., secondary packing, warehousing, first stage change rooms.

Level 3 Controlled Area in which specific environmental conditions are defined, controlled, 
and monitored to prevent contamination or degradation of the 

pharmaceutical starting material or product, e.g., where product, starting 
materials and components are exposed to the room environment; plus, 

equipment wash and storage areas for equipment product contact parts.
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Sr. No. Areas Limit

Temp. ºC RH %

1 All areas where environment is maintained under controlled 
condition with help of air handling unit, e.g., raw material storage, 

raw material quarantine, primary packing material store, secondary 
packing material store, LDPE granules transfer room, etc.

15-25 30-60

2 Empty capsule storage area 15-25 40-60

3 Stores (sampling area)/stores (dispensing area) 19-25 40-55

4 Raw material stores 15-25 30-50

5 Finished goods 15-25 30-75

6 Shipper store 15-40 30-75







1) Air quantity M3/Hr. (CFM)

2) Air velocity M/Hr. (FPM)

3) Coil face area M2 (Ft2)

4) Entering Air temperature (DB) 0C

5) Entering Air temperature (WB) 0C

6) Leaving Air Temperature (DB) 0C

7) Leaving Air Temperature (WB) 0C

8) Motor

Rated horsepower HP

Rated volts Volts

Rated current Amps

Actual current Amps

Actual volts Volts

Actual current Amps

Actual power KW

Parameters Specification



Make:

Model No:

AHU TR:

AHU CFM:

Drain Pan MOC: 

Outer skin finish: plasticized/powder coated.

Type of unit – horizontal or vertical:

Inner skin MOC & gauge:

Outer skin MOC & gauge:

Overall dimension:

Weight (kgs.):

Noise level:

Type of sections:

Fan section, filter section:

Coil sections:

Cooling coil, heating coil:

Parameters Specification



Parameters Specification

Make & model no:

Type of fan:

Air quantity in cum./hr

Fan speed RPM (normal/critical/maximum

Fan motor HP (connected/consumed)

Fan efficiency:

Drive efficiency:

Total efficiency:

Outlet velocity in m/min:

Fan dia. in mm.:

Parameters Specification

Balancing (static and or dynamic):

Material of construction of vanes & SWG:

Type of impeller blades:

Static pressure in mm WG:

Operating temperature 0C:

Bearings (type/make):

Bearing life:

Performance curves with duty point duly marked:



Parameters Specification

Type:

Make:

Designation:

Gross filter area M2:

Velocity through filter in mts./min:

Initial pressure in mm WG:

Final pressure drops in mm WG: 

Maximum pressure drops in mm WG:

Filter efficiency in (%):

Particle retention capacity:

Filter media:

Filter framework MOC:

Static load:

Filter standards:



Parameters Specification

Parameters Specification

Type:

Make:

Face area (M2):

Parameters Specification

Face velocity (mps):

Sensible heat (kcal/hr):

Latent heat (kcal/hr):

Air quantity through coil (CMH):

Water velocity through coil (mt./min):

Water pressure drop across the coil:

Air temperature, before coil (0C) dB & WB:

Air temperature, after coil (0C) dB & WB:

Row deep:

Type of control:

By pass factor:

Max. cooling capacity available with offered coil:

ADP (0C):

Static load:

Tube – material, OD x gauge, no. of rows:

Fins – material, gauge, spacing:

Hydro testing of coil:



Air temperature, before coil (0C) dB & WB:

Air temperature, after coil (0C) dB & WB:

Row deep:

Type of control:

Bypass factor:

Max. cooling capacity available with offered coil:

Static load:

Tube – material, OD x gauge, no. of rows:

Fins – material, gauge, spacing:

Hydro testing of coil:

Parameters Specification

Parameters Specification

Type:

Make:

Face area (M2):

Face velocity (m/sec):

Air quantity through coil (CMH)

Water velocity through coil (m/min):

Water pressure drop across the coil:

Re circulating water quantity (ltr./min):



Parameters SpecificationParameters Specification

Pipe: chilled water/hot water/drain:

Make:

Pipe type: ERW/seamless, etc.

Class of pipe :

Thickness  of each pipe:



Parameters Specification

Make:

‘K’ value at 1000C 

Thickness:

Density:

Fire retardant property:



Parameters SpecificationParameters Specification

Type:

Enclosure:

Operating voltage:

Output:

No. of poles:

Mounting:

Shaft orientation:

Bearing:

Lubrication:

Balancing:

Coupling method:

Type of coupling:

Starter:

Protection class:

Insulation class:

Rating/Test method:

Performance test:

Performance test certificate:

Outdoor:

Suitability:
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Eurovent 4/5 Rating EN 799 & EN 1822

EU4 G4

EU5 M5

EU6 M6

EU7 F7

EU8 F8

EU9 E10

EU13 H14





Sr. No. EU GMP  Grade  
Classification

ISO 
Classification 

Maximum Permitted Number of 
Particles/m3 (=>) 

0.5 µm (d) 5 µm (d) 

1 Grade A At rest ISO- 5 3,520 29

In operation ISO- 5 3,250 29

2 Grade B At rest ISO- 5 3,520 29

In operation ISO- 7 3,52,000 2,930

3 Grade C At rest ISO- 7 3,52,000 2,930

In operation ISO- 8 35,20,000 29,300

4 Grade D At rest ISO- 8 35,20,000 29,300

In operation Not defined Not defined Not defined

EU GMP  Grade Classification

Sr. No.
EU GMP  Grade  

Classification

Air Sampler 
cfu/m3 Settle Plates  

(90 mm) cfu/m3 
Contact Plates  

(55 mm) cfu/m3 

Glove Prints  
(5 fingers) 

cfu/m3 

1 Grade A <1 <1 <1 <1

2 Grade B 10 5 5 5

3 Grade C 100 50 25 -

4 Grade D 200 100 50 -



Sr. No. EU GMP  Grade  
Classification

Minimum  
Air Changes Per Hour 

Design Minimum 
Air Changes Per Hour 

1 Class B 65 Around 70

2 Class C 40 Around 45

3 Class D 20 Around 25

4 Controlled not classified 10 Around 15



❖

❖

❖

❖

❖

❖

❖

❖

❖

❖

❖

❖

❖



Sr. No. Technical Parameters Design Consideration 

1 Air velocity 0.45 m/s ± 20% 

2 Design temperature  20 ± 2 °C  

3 Design relative humidity  35 – 55 % 

4 Filtration level in unit 

5 HEPA Filter: 99.995 % Down to 0.3µ 

(Type H14)    

6 At supply terminal 0.3 µ HEPA filters (Type 

H14) supply air plenum 

chamber with fan filter 

module and laminar 

screen. 

7 From room return Low level return riser with 

grill with pre-filter (non-

washable type). 





Sr. No. Technical Parameters Design Consideration 

1 Number of minimum air changes 65 ACPH 

2 Minimum design air changes Around 70 ACPH 

3 Design temperature  20 ± 2 °C  

4 Design relative humidity  35 – 55 % 

5 Filtration level in AHU 

a. Pre-filter 90-95% down to 

10µ (Type G4) 

b. Intermediate filter 95% down to 3µ 

(Type F7) 

c. Intermediate filter 75% down to 0.3µ 

(Type F9) 

d. HEPA filter 99.995 % down to 

0.3µ (Type H14)    

e. Bleed air filter NA 

6 At room supply terminal 0.3 µ HEPA filters (Type 

H14) 

supply air terminal HEPA 

box with bottom SS 

304 capsule type 

perforated sheet. 

7 Fresh air From TFA technical area. 



Sr. No. Technical Parameters Design Consideration 

1 Number of minimum air changes 40 ACPH 

2 Minimum design air changes Around 45 ACPH 

3 Design temperature  20 ± 2 °C  

4 Design relative humidity  35 – 55 % 

5 Filtration level in AHU 

a. Pre-filter 90-95% down to 10µ 

(Type G4) 

b. Intermediate filter 95% down to 3µ (Type 

F7) 

c. Fine filter 85% down to 0.3µ 

(Type F9)    

d. Bleed air filter NA 

6 At room supply terminal 0.3 µ HEPA filters 

(Type H14) supply air 

terminal HEPA box 

with bottom SS 

304 capsule type 

perforated sheet 

7 From room return Low level return riser 

with SS 304 capsule 

type perforated sheet. 

8 Fresh air From TFA technical 

area. 



Sr. No. Technical Parameters Design Consideration 

1 Number of minimum air changes 20 ACPH 

2 Minimum design air changes Around 25 ACPH 

3 Design temperature  20 ± 2 °C  

4 Design relative humidity  35 – 55 % 

5 Filtration level in AHU 

a. Pre-filter 90-95% down to 10µ 

(Type G4) 

b. Intermediate filter 95% down to 3µ (Type 

F7) 

c. Fine filter 85% down to 0.3µ 

(Type F9)    

d. Bleed air filter NA 

6 At room supply terminal 0.3 µ HEPA filters 

(Type H14) 

supply air terminal 

HEPA box with bottom 

SS 304 

capsule type 

perforated sheet.

7 At corridor supply terminal Supply air diffuser with 

bottom SS 304 capsule 

type perforated sheet.

8 From room return Return air low level 

return riser with SS 

304 capsule type 

perforated sheet. 

9 From corridor return Return air diffuser 

with SS 304 capsule 

type perforated sheet. 

10 Fresh air From TFA technical 

area. 



Sr. No. Technical Parameters Design Consideration 

1 Number of minimum air changes 10 ACPH 

2 Minimum design air changes Around 15 ACPH  

3 Design temperature 23 ± 2 °C 

4 Design relative humidity  NMT 60 

5 Filtration level in AHU 

a. Pre-Filter 90-95% down to 10µ (Type 

G4) 

b. Fine filter 95% down to 3µ (Type F7)  

6 At room supply terminal Supply air diffuser 

7 From room return Return air diffuser 

8 Fresh air From AHU technical area 



Sr. No. Description Efficiency

1 Pre-filter in AHU G-4 as per EN 779

2 Fine filter in AHU F-7 as per EN 779

3 Fine filter in AHU F-9 as per EN 779 

4 HEPA filters at terminal H-14 as per EN 1822 



Sr. No. Light Bench Work Heat Gains

SENSIBLE (BTU per Hr
/Person)

LATENT (BTU per Hr
/Person) 

1 At 22.7 °C (73deg F) G-4 as per EN 779 
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Sr. No. Description Particulars

1 AHU blower selection Fresh air cfm + return 

air cfm + 15% safety 

2 Chilled water coil entry temperature 5-7 ºC 

3 Chilled water coil exit temperature 9-11 ºC 

4 Coil hot water entry temperature 35-50 ºC 

5 Coil hot water exit temperature 20-30 ºC 

6 Face velocity across filter Not more than 450 

FPM 

7 Face velocity across coil Not more than 450 

FPM 

8 Type of fan AHU Plug fan 

9 Fan selection at best efficiency point Maximum 55Hz motor 

frequency & minimum 

70% fan static 

efficiency

10 Maximum water pressure drop across 

coil 

15 ft of water column 

11 Velocity across fresh air louvers 450 FPM 





























Sr. No. Areas Particulars

Temp. ºC RH %

1 All areas where environment is 

maintained under controlled 

condition with help of air handling 

unit, e.g., raw material storage, raw 

material quarantine, primary 

packing material store, secondary 

packing material store, etc 

15-25 30-60

2 Empty capsule storage area 15-25 40-60

3 Stores sampling area/stores 
dispensing area

19-25 40-55

4 Raw material stores 15-25 30-65

5 Finished goods 15-25 30-75

6 Shipper store 15-40 30-75











Sr. No. Abbreviations Description

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28



Sr. No. Abbreviations Description

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56
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Sr. No. Equipment 
Name

Equipment 
Code

Considered for 
Equipment 

Retirement/Not

Justification Remarks (If any)Sr. No. Parameters and Units

1 Source of Water

2 Appearance

3 Odor

4 Turbidity (NTU)

5 SDI (Silt Density Index)

6 Color (Hazen Units)

a Apparent Color

b True Color

7 Conductivity @ 25°C (µS/cm)

8 Total Dissolved Solids (mg/lit)

9 Total Suspended Solids (mg/lit)

10 Total Hardness as CaCO3 (mg/lit

11 Total Alkalinity (Alk M.) (mg/lit)

a Alkalinity (Carb.)

12 Total Organic Carbon,(ppb)

13 pH

14 Total Kjeldahl Nitrogen (TKN) (mg/lit)

15 Total Ammonia Nitrogen (TAN) (mg/lit)

16 CALCIUM as Ca (mg/lit)



Sr. No. Parameters and Units

17 MAGNESIUM as Mg (mg/lit)

18 SODIUM as Na (mg/lit)

19 Phenolpthaein Alk. (ALK P.)

20 CHLORIDE as Cl (mg/lit)

21 Sulphate (mg/lit)

22 Fluoride as F

23 Nitrates as NO3 (mg/lit)

24 Nitrites as NO2 (mg/lit)

25 Phosphate (mg/lit)

26 Iron content as Fe (mg/lit)

27 Ammonia as NH3 (mg/lit)

28 Free Chlorine (mg/lit)

29 Copper as Cu (mg/lit)

30 Zinc as Zn (mg/lit)

31 Manganese as Mn (mg/lit)

32 Potassium as K (mg/lit)

33 Cadmium

34 Selenium

35 Lead

36 Chromium

37 Aluminum

38 Nickel



Sr. No. Parameters and Units

39 Heavy metals, (if any)

a Arsenic count

b Mercury as Hg (mg/lit)

40 Reactive Silica as SiO2

41 Colloidal Silica (mg/lit)

42 Microbial Count (cfu/ml)

a Pathogens

b Pseudomonas

c Salmonella

d E. Coli

e T. Coliforms

f S. Aureus

g Total plate count (cfu/ml)

h Total Coli Forms (cfu/ml)

43 Endotoxin (Eu/Ml)

44 Yeast cells

45 Oil and grease



S. No Parameter Unit Value

1 Conductivity @ 25oC µs/CM < 1.3

2 pH 5.0-7.0

3 TOC ppb 500

4 TVC Cfu/ml < 100

5 Physical appearance Odorless and clean

6 Heavy materials ppm < 0.1

7 Nitrate ppm < 0.2

8

Micro Organism

❖ Escherichia coli

❖ Salmonella

❖ Staphylococcus aureus

❖ Pseudomonas aeruginosa

Should be absent



Pretreatment section Purified water generation system

Raw water storage tank Micron filter and buffer tank

System feed pump Micron cartridge filter

Hypo/CLO2 dosing Ph correction dosing system

Recirculation of raw water with hypo/CLO2 dosing SMBS dosing system

Hydro pneumatic system HSRO system

Multi grade filter/disc filter EDI system

Bag filter Storage tank with accessories

Softener system UV system

UF system Piping materials with fittings

pH correction dosing system Point of usage valves

SMBS dosing system TOC meter

Antiscalant dosing system Conductivity sensor and transmitter

CSRO system Auto dumping

Storage tank with Hypo/ClO2 dosing Flow transmitter

Piping Back pressure valve

Required instrument for the system Required instrument for the system



Sr. No. Type of treatment Water type Utilization

1 Infeed water Raw water Only for gardening

2 MGF/Disc filtered water Domestic water Cooling tower, domestic usage 

including drinking, wet 

scrubber feed, feed to MGF

3 Softener treated water Soft water Boiler feed, chilled and hot 

water make up, feed to UF

4 UF filtered water Potable water For cleaning of equipment, 

chilled and hot water make up, 

feed to RO system

5 CSRO filtered water Potable water/Process water For cleaning of equipment, 

chilled and hot water make up, 

feed to main RO

6 RO+EDI treated water Purified water Process solution preparation, 

cleaning or rinsing of 

equipment during washing

7 RO reject water RO reject water Feed to cooling tower or ETP

8 EDI reject water EDI reject water Feed to cooling tower or ETP



Sr. No. Type of connection Preferred pipeline

1 Raw water infeed SS 304/GI/UPVC

2 Raw water recirculation UPVC

3 Raw water tank to MGF UPVC

4 MGF to storage tank UPVC

5 Tank to HPS system UPVC

6 HPS system to softener UPVC

7 HPS to boiler softener UPVC

8 HPS to cooling tower UPVC

9 Softener to UF UPVC

10 UF to HSRO UPVC

11 HSRO to RO storage tank UPVC/SS 304/SS316

12 RO storage tank to RO-2 feed water tank SS 304/SS 316/UPVC

13 RO storage tank to potable water line SS 304/UPVC

14 RO-2 tank to RO-2 system SS 304/SS 316L

15 RO generation to EDI SS 316 L

16 EDI to storage tank SS 316 L

17 Storage tank to distribution skid SS 316 L

18 Potable water line SS 304



Major Classes of contaminants

E = Excellent (capable 
of complete or near 

total removal

G = Good (capable of 
removing large 
percentages)

P = Poor (little or no 
removal)

Dissolved 
ionized 
solids

Dissolved 
ionized 
gases

Dissolved 
organics

Particulates Bacteria/Algae Pyrogens/ 
Endotoxins/ 

Viruses

Purification process

Distillation E G/E (1) E E E E

Deionization 
(EDI)

E E P P P P

Reverse osmosis G(2) P G E E E

Carbon 
adsorption

P P (3) E/G (4) P P P

Micro filtration P P P E P P

Sub-Micron 
filtration

P P P E E P

Ultrafiltration P P G (5) E E E

UV oxidation P P E/G (6) P G (7) P
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Sr. No. Type of Disinfectant Advantages Limitations

1 Chlorination Well understood disinfectant capability. 

Established dosing technology.

Chlorination by-products and 

taste and odor issues can affect 

acceptability. Ineffective 

against Cryptosporidium.

2 Chlorine dioxide Can be more effective than chlorine at higher 

pH, and less taste and odor and by-product 

issues.

Weaker oxidant than ozone or 

chlorine. Dose limited by 

consideration of inorganic by-

products (chlorate and 

chlorite).

3 Ozone Strong oxidant and highly effective 

disinfectant compared with chlorine. Benefits 

of destruction of organic micro pollutants 

(pesticides, taste, and odor compounds).

Bromate by-product and 

increased assimilable organic 

carbon (AOC) can impact re-

growth in distribution. 

Complex, energy intensive, and 

expensive equipment 

compared with chlorination. 

Residual insufficiently long 

lasting for distribution.

4 UV In general, highly effective for protozoa, 

bacteria, and most viruses and particularly for 

Cryptosporidium. No significant byproduct 

implications.

Less effective for viruses than 

chlorine. No residual for 

distribution.
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Turbidity NTU NIL

Free Chlorine PPM NIL

Heavy Metals like Iron, Manganese PPM NIL

Oil & Grease PPM NIL

< 3.0

Synthetic organic compounds (SOC) have 

generally more adverse effects on RO/NF 

membranes compared with natural organic 

matters (NOM).

TSS PPM NIL

Temperature °C < 40

SDI - < 4

LIMITING CONDITIONS ON FEED WATER TO RO UNIT

TOC PPM







Chemical Cleaning System

Chemical cleaning pump

Capacity (m3/hr) : As per requirement

Diff head required (mlc) : Vendor to specify

Chemical cleaning tank As per requirement

Capacity (Ltrs.) : As per requirement

Note: Capacity shall be defined as required for cleaning of RO-EDI system.





Sr. No. Description Specifications

1 Type Vertical, limpet, SS cladded

2 Operating volume in liters As per requirement

3 Nozzles As per requirement, 2 nos. spare nozzles should be 

considered

4 Shell thickness 6mm/suitable thickness; vendor should provide the 

calculations for standard positive pressure.

5 Bottom dish thickness 6mm/suitable thickness; vendor should provide the 

calculations for standard positive pressure.

6 Top dish thickness 6mm/suitable thickness; vendor should provide the 

calculations for standard positive pressure.

7 MOC of internal shell SS 316L

8 MOC of internal dish SS 316L

9 MOC of gasket VITON

10 MOC of leg SS 304

11 Limpet thickness 3mm

12 Insulation Resin bonded mineral wool

13 Insulation thickness 50mm

14 Inside surface finish Ra<0.4 mirror finish 

15 Outside surface finish Ra<0.8 mirror finish 

16 Diameter and height Based on site condition
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Sr. No. Type of Valve Description Location

1 Diaphragm valve 2-way manually operated diaphragm valve with body 
material: SS 316l forged body, end connection: TC as per 
ASME BPE, diaphragm material: PTFE backed-up EPDM, 

surface finish: electro-polish Ra≤0.4μm

Above the tank and before 
vent filter

2 Diaphragm valve 2-way manually operated diaphragm valve with body 
material: SS 316L forged body, end connection: BW as 
per ASME BPE, diaphragm material: PTFE backed-up 

EPDM, surface finish: electro-polish Ra≤0.4μm

Tank drain

3 Pneumatic on/off valve 3-way pneumatically operated block valve for pump 
suction, body material: SS 316L forged block body, end 
connection: loop butt weld and branch TC as per ASME 

BPE, diaphragm material: PTFE backed-up EPDM, surface 
finish: electro-polish Ra≤0.4μm

Pump suction and discharge

4 Diaphragm valve 2-way manually operated diaphragm valve with body 
material: SS 316L forged body, end connection: BW as 
per ASME BPE, diaphragm material: PTFE backed-up 

EPDM, surface finish: electro-polish Ra≤0.4μm

Pump isolation valve

5 Sampling valves Manual handwheel operated 3-way zero dead leg type 
sampling block valve with body material: SS 316L forged 

block body, end connection: all ends butt weld as per 
ASME BPE, diaphragm material: PTFE backed-up EPDM, 

surface finish: electro-polish Ra≤0.4μm

Sampling valve at pump 
suction, before and after UV

6 Auto dump valve 3-way pneumatic operated block valve for flow diverter, 
body material: SS 316L forged block body, end 

connection: all ends butt weld as per ASME BPE, 
diaphragm material: PTFE backed-up EPDM, surface 

finish: electro-polish Ra≤0.4μm

Auto dump in return valve

7 TOC sampling valve pneumatically operated 3-way zero dead leg type block 
valve for toc with body material: SS 316L forged block 
body, end connection: loop buttweld and branch TC as 

per ASME BPE, diaphragm material: PTFE backed-up 
EPDM, surface finish: electro-polish Ra≤0.4μm

At return line 

8 3-way block valve 3-way manually operated t/ l-type user point valve, with 
body material: SS 316L forged block body, end 

connection: loop ends butt weld and user point TC as per 
ASME BPE, diaphragm material: PTFE backed-up EPDM, 

surface finish: electro-polish Ra≤0.4μm

At point of use

9 4-way block valve with 
sampling valve

4-way pneumatically operated T-type user point valve 
with integrated manual sampling valve with body 

material: SS 316L forged block body, end connection: 
loop ends and sampling port butt weld and user point TC 
as per ASME BPE, diaphragm material: PTFE backed-up 

EPDM, surface finish: electro-polish Ra≤0.4μm

At point of use for direct 
connection to machine

10 3-way flow diversion valve Flow divertor pneumatic actuated diaphragm valve 1 no 
actuator NC and 1 no actuator NO, material: SS 316L 
forged body, end connection: BW as per ASME BPE, 
diaphragm material: PTFE backed-up EPDM, surface 

finish: electro-polish Ra≤0.4μm

Tank inlet



Sr. No. Description Specification

1 Make

2 Model V20/any reputed

3 Rating As per requirement

4 Mounting Panel mounting
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Sr. No.  Description Remarks

1 Water balance sheet Required

2 Design concept note Required

3 Material of Construction Certificate (MOC) of contact parts/non-contact 

parts

Metallurgical/PMI testing certificate for 

SS316 and SS316L required.

4 TSE/BSE free certificate To be provided for the product contact 

parts which are manufactured from animal 

origin.

5 Latex free certificate (where applicable) To be provided for the product contact 

parts which are manufactured from plant 

origin.

6 Calibration certificates traceable to NIST standard For measuring instruments.

7 Performance test certificates Motors 

8 Qualification document DQ, IQ and OQ should be provided.

9 PO copy with annexure PO copy is required.

10 FAT Report/Performance test certificate FAT reports are required.

11 Test certificates of bought out items – all components Required.

12 Back up of software/instrumentation/PLC based system/any other 

automation related drawings

Required

13 Operation and maintenance manuals Required

14 P&ID diagrams Required

15 GA drawing of equipment Required

16 Equipment position layout Required

17 Materials gate entry records Required

18 Certified material test reports Required



Sr. No.  Description Remarks

19 Welder qualification records Required

20 Weld samples of each day startup operation Required

21 Weld schedule verification Required

22 Weld maps and identification of each weld by number Required

23 Coupons or weld machine printout of each joint weld Required

24 Daily welding log Required

25 Weld inspection reports and videography with date and time Required

26 Cleaning and passivation report Required

27 Line label verification Required

28 Line device identification and verification checklist Required

29 Pipe specification document Required

30 Pipe line index Required

31 Pipe material certification with heat numbers Required

32 Pipe surface finish test report Required

33 Valves and Specialty data sheet Required

34 Safety valve verification report Required

35 Water drain ability test reports Required

36 Line pressure test reports Required

37 All measuring devices calibration certificate with traceability Required

38 Welding machine calibration certificate Required

39 Boroscopic inspection machine calibration certificate Required

40 Welding gas purity certificate Required



Sr. No.  Description Remarks

41 Welder and weld inspector training certificate Required

42 Manuals of all major components associated with the system Required

43 Manuals of storage and distribution system including operation, sanitization 

and PMP procedures

Required

44 Technical datasheet of all components in the system Required

45 Spare parts list Required

46 Passivation and hydro test procedures Required

47 Welding standard operating procedure Required

48 Valve and dead leg conformation certificates Required

49 Warranty certificates for major bought out items Required

50 Video/picture CD of borescope inspection Required

51 Water balance sheet Required

Drawing Required

52 Approved drawing (GA/dimensional) Required

53 As built drawing (dimensional) Required

54 As built drawing - P&ID Required

55 As built drawing – electrical (SLD) Required

56 P&ID with all the instruments, user points and sampling points identified 

and tagged

Required

57 Isometric drawing showing welded joints with weld number and pipe heat 

number

Required

58 Isometric drawing indicating the slope direction and slope maintained 

between two points

Required

59 GA drawing of tanks and skid Required

60 Layout of the pretreatment, PW generation and  distribution system in the 

room

Required



Sr. No. Parameter Requirement desirable Limit Remarks

1 Color 5 May be extended up to 50 if toxic substances 
are suspected

2 Turbidity 10 May be relaxed up to 25 in the absence of 
alternative

3 pH 6.5 to 8.5 May be relaxed up to 9.2 in the absence

4 Total hardness 300 May be extended up to 600

5 Calcium as Ca 75 May be extended up to 200

6 Magnesium as Mg 30 May be extended up to 100

7 Copper as Cu 0.05 May be relaxed up to 1.5

8 Iron 0.3 May be extended up to 1

9 Manganese 0.1 May be extended up to 0.5

10 Chlorides 250 May be extended up to 1000

11 Sulphates 150 May be extended up to 400

12 Nitrates 45 No relaxation

13 Fluoride 0.6 to 1.2 If the limit is below 0.6, water should be 
rejected; max. limit is extended to 1.5

14 Phenols 0.001 May be relaxed up to 0.002



Sr. No. Parameter Requirement desirable Limit Remarks

15 Mercury 0.001 No relaxation

16 Cadmium 0.01 No relaxation

17 Selenium 0.01 No relaxation

18 Arsenic 0.05 No relaxation

19 Cyanide 0.05 No relaxation

20 Lead 0.1 No relaxation

21 Zinc 5.0 5.0 May be extended up to 10.0

22 Anionic detergents 0.2 May be relaxed up to 1

23 Chromium as Cr+6 0 0.05 No relaxation

24 Poly nuclear aromatic 
hydrocarbons 

--- ---

25 Mineral oil 0.01 May be relaxed up to 0.03

26 Residual free chlorine 0.2 Applicable only when water is chlorinated

27 Pesticides absent --- ---

28 Radioactive --- ---



Sr. no. Parameter IS: 10500 Requirement 
(Desirable limit)

Undesirable effect 
outside the desirable 

limit

IS: 10500 Permissible 
limits in the absence 
of alternative source

Essential Characteristics

1 pH 6.5 to 8.5 Beyond this range, the 
water will affect the 

mucous membrane and/or 
water supply system

No relaxation

2 Color (Hazen Units),  
maximum

5 Above 5, consumer 
acceptance decreases

25

3 Odor Unobjectionable -- --

4 Taste Agreeable -- --

5 Turbidity, NTU, Max 5 Above 5, consumer 
acceptance decreases

10

Following results are expressed in mg/l:

6 Total hardness as CaCO3 Max 300 Encrustation in water 
supply structure and 

adverse effects on 
domestic use

600

7 Iron as Fe, Max 0.30 Beyond this limit 
taste/appearance are 

affected, has adverse effect 
on domestic uses and 

water supply structures, 
and promotes iron bacteria

1.0

8 Chlorides as Cl, Max 250 Beyond this limit taste, 
corrosion and palatability 

are affected

1000

9 Residual, free chlorine, Min 0.20

10 Desirable characteristics

11 Dissolved solids, Max 500 Beyond this, palatability 
decreases and may cause 
gastrointestinal irritation

2000

12 Calcium as Ca, Max 75 Encrustation in water 
supply structure and 

adverse effects on 
domestic use

200

13 Magnesium as Mg, Max 30 -- 200

14 Copper as Cu, Max 0.05 Astringent taste, 
discoloration, and 

corrosion of pipes, fitting 
and utensils will be caused 

beyond this

1.5



Sr. no. Parameter IS: 10500 Requirement 
(Desirable limit)

Undesirable effect 
outside the desirable 

limit

IS: 10500 Permissible 
limits in the absence 
of alternative source

Essential Characteristics

15 Manganese as Mn, Max 0.1 Beyond this limit 
taste/appearance are 

affected, has adverse effect 
on domestic uses and 

water supply structures

0.3

16 Sulphate as SO4 Max 200 Beyond this, causes gastro-
intestinal irritation when 

magnesium or sodium are 
present

400

17 Nitrates as NO3 45 Beyond this 
methanemoglobinemia 

takes place

100

18 Fluoride, Max 1.0 Fluoride may be kept as 
low as possible. High 
fluoride may cause 

fluorosis

1.5

19 Phenolic compounds as 
C6H5OH, Max

0.001 Beyond this, it may cause 
objectionable taste and 

odor

0.002

20 Mercury as Hg, Max 0.001 Beyond this, the water 
becomes toxic

No relaxation

21 Cadmium as Cd, Max 0.01 Beyond this, the water 
becomes toxic

No relaxation

22 Selenium as Se, Max 0.01 Beyond this, the water 
becomes toxic

No relaxation

23 Arsenic as As, Max 0.01 Beyond this, the water 
becomes toxic

No relaxation

24 Cyanide as CN, Max 0.05 Beyond this, the water 
becomes toxic

No relaxation

25 Lead as Pb, Max 0.05 Beyond this, the water 
becomes toxic

No relaxation

26 Zinc as Zn, Max 5 Beyond this limit it can 
cause astringent taste and 
an opalescence in water

15

27 Chromium as Cr6+, Max 0.05 May be carcinogenic above 
this limit

No relaxation

28 Ploynuclear aromatic 
hydrocarbons as PAH, Max

-- May be carcinogenic --

29 Mineral Oil, Max 0.01 Beyond this limit, 
undesirable taste and odor 

after chlorination  can 
occur

0.03

30 Pesticides, Max Absent Toxic 0.001

31 Radioactive materials a) α 
emitters Bq/1, Max 

b) β emitters Pci/1, Max

0.1       
                                                                                   

1                                                                                                          

32 Alkalinity, Max 200 Beyond this limit taste 
becomes unpleasant

600

33 Aluminum as Al, Max 0.03 Cumulative effect is 
reported to cause 

dementia

0.2

34 Boron, Max 1 --- 5



Temperature in Deg C Conductivity Requirement (mS/cm)

0 0.6

5 0.8

10 0.9

15 1

20 1.1

25 1.3

30 1.4

35 1.5

40 1.7

45 1.8



Temperature in Deg C Conductivity Requirement (mS/cm)

0 0.6

5 0.8

10 0.9

15 1

20 1.1

25 1.3

30 1.4

35 1.5

40 1.7

45 1.8

50 1.9

55 2.1

60 2.2

65 2.4

70 2.5

75 2.7

80 2.7

85 2.7

90 2.7

95 2.9

100 3.1





pH Conductivity Requirement (mS/cm)

5.0 4.7

5.1 4.1

5.2 3.6

5.3 3.3

5.4 3.0

5.5 2.8

5.6 2.6

5.7 2.5

5.8 2.4

5.9 2.4

6.0 2.4

6.1 2.4

6.2 2.5

6.3 2.4

6.4 2.3

6.5 2.2

6.6 2.1

6.7 2.6

6.8 3.1

6.9 3.8

7.0 4.6



Water for Injection Ph. Eur. USP

TOC ≤ 0.5 mg/l NMT 500 ppb

Conductivity ≤ 1.1 µS/cm @ 20oC ≤ 1.3 µS/cm @ 25oC

Nitrates ≤ 0.2 ppm -

Heavy Metals ≤ 0.1 ppm -

Aerobic bacteria < 10 cfu/100 ml < 10 cfu/100 ml

Endotoxin < 0.25 IU/ml < 0.25 EU/ml 
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Sr. No. Test Specification

MICROBIOLOGICAL STANDARDS

1 Endotoxins < 0.25 Eu/ml

2 T.O.C. < 500 ppb

3 Conductivity < 1.25 µS/cm

4 Microbial limit < 10 cfu/100 ml

PHYSIO CHEMICAL STANDARDS

1 Ammonia < 0.2 ppm

2 Calcium < 0.5 ppm

3 Carbon dioxide < 4.0 ppm

4 Heavy metals < 0.1 ppm

5 Total solids < 0.001 %

6 Chlorides < 0.5 ppm

7 Sulphates < 0.5 ppm

8 pH 5 – 7 





❖

❖

❖

❖

❖

❖

❖

❖

❖

❖

❖

❖

❖

❖

❖

















❖

❖

❖

❖

❖



When steam quality testing is performed, three parameters are measured:

Steam dryness The amount of the steam by weight, i.e., how much is steam and not liquid water.

Non-condensable gases
The amount of the steam by volume that is not steam or water, but is air or other gases, which 

does not contribute meaningfully to sterility of the load.

Superheat
The temperature of the steam above the temperature of saturated steam for a given moisture 

content.

Steam Dryness Non-condensable gases Superheat

>0.95 w/w* ≤3.5% v/v ≤25K
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Table-1: ISO 8573-1:2010 Air Quality Class

Quality 

Class

Max Number of Particles per m3 Water Pressure Dew Point (at 

Atmospheric Pressure)

Oil and Oil Vapor

0.1-

0.5micron

0.5-1.0 

micron

1.0-5.0 

micron

° F ° C mg/m3

0 As specified by the user or equipment manufacturer and more stringent than class 1

1 ≤20000 ≤400 ≤10 -100 -70 ≤0.01

2 ≤400000 ≤6000 ≤100 -40 -40 ≤0.1

3 - ≤90000 ≤1000 -4 -20 ≤1

4 - - ≤10000 37 3 ≤5

5 - - ≤100000 45 7 >5

6 - - - 50 10 >5
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Test Description Frequency Limits Location

Compressed Air/Nitrogen 

Non-Viable Particulates Count 
(NVPC)

Viable Particulates Count 
(VPC)

Grade A: every 6 months.

Grade B/C/D: every 12 
months.

Same criteria as 
area/system/product where 

the gas is used.

Immediately downstream of 
Point-of-Use (POU) filter; 
representative POU, as 

specified in PQ or equivalent.
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Test Testing Frequency Limits Location

Sterile Manufacturing Facilities and Classified Areas within Non-Sterile Manufacturing Facilities.

Compressed gas – viable and 

non-viable particulates

Grade A: every 6 months.

Grade B/C/D:  every 12 

months.

Viable particulates of gas/air 

that is in contact with product. 

Every 6 months.

Same criteria as 

area/system/product where 

the gas is used.

Immediately downstream of 

POU filter; representative POU, 

as specified in PQ or 

equivalent.

Sterile and Non-Sterile Manufacturing Facilities

Compressed gas –nitrogen-

purity, moisture content, CO, 

CO2, O2 

Compressed air - hydrocarbon 

content (oil traces) and 

moisture content, O2, CO2, NOx, 

SO2.

Every 12 months

USP/Ph. Eur. gas Certificate of 

Analysis/Compliance required 

for every delivery.

USP/Ph. Eur.

Test Specification 

Farthest outlet (from the 

compressor) of each 

branch/pipe system serving to 

each building

Note: The requirements mentioned above are the minimum to be followed for routine monitoring. Initially, the monitoring should be 

more frequent to establish routine monitoring program.

❖
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DEW POINT(oC) MOISTURE/PPM ( Vol/Vol)

- 66 4.59

- 60 10.6

- 55 16.0

- 50 38.8

- 45 71.6

- 40 127.0

- 35 222.0



DEW POINT(oC) MOISTURE/PPM ( Vol/Vol)

- 30 376.0

- 25 629.0

- 20 1020.0

- 15 1640.0

- 10 2570.0

- 5 3980.0

0 6020.0

+ 5 8630.0

+ 10 12120.00
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Sr. no. Test Test Method

1 Dew point test With dry ice or with pressure transmitter

2 Water vapor content GASTEC tubes

3 Traces of oil GASTEC tubes

4 Carbon dioxide GASTEC tubes

5 Carbon monoxide GASTEC tubes





Gastec tube no. : 6

Measuring range : 0 to 18 mg/Ltr

Sampling volume : 100 ml

Sampling rate : 100 ml/minute

Sampling time : 1 minute

Color change : Green to purple

Gastec tube no. : 109 AD

Measuring range : 0.2 to 5.0 mg/m3

Sampling volume : 20,000 ml

Sampling rate : 1 Ltr/minute

Sampling time : 20 minutes

Color change : Pale red to pale blue

Gastec tube no. : 2LC

Measuring range : 100 to 2000 ppm

Sampling volume : 100 ml

Sampling rate : 100 ml/minute

Sampling time : 1 minutes

Color change : Pale red to yellow



Gastec tube no. : 1 LC

Measuring range : 1 to 30 ppm

Sampling volume : 100 ml

Sampling rate : 100 ml/minute

Sampling time : 1 minute

Color change : White to pale pink

1 Oil/Hydrocarbon NMT 0.1mg/m3 

2 Carbon dioxide NMT 500 ppm 

3 Carbon monoxide NMT 5 ppm 

4 Dew point temperature PDP < - 40 0 C at generation point/PDP < - 20 0  at user points as 

per ISO 8573 









V7
V6 V8



V1

V2

V3
V4

V5







Sr. no. Test Specification

1 Carbon monoxide NMT 5 ppm V/V

2 Carbon dioxide NMT 300 ppm V/V

3 Water vapor NMT 67 ppm V/V

4 Oxygen NMT 50 ppm V/V

5 Assay NLT 99.5 % by V/V of nitrogen

6 Particulate count Limits in particles/M3

Particle Size≥0.5µ For Grade A: NMT 3520

For Grade B:  NMT 3520 

For Grade C:  NMT 352000

For Grade D: NMT 3520000

For other area: for information only

Particle size ≥5.0µ For Grade A: NMT 0

For Grade B:  NMT 29 

For Grade C:  NMT 2900 

For Grade D: NMT 29000

For other area: for information only

7 Microbial count For Aseptic Area: ≥ 1 CFU/ m3 (action limit)

For Clean Area ≥ 5 CFU/ m3 (action limit)

For Other Area: for information area



❖

❖

❖

❖







1 Daily checks

1a Daily checks refer to religiously maintaining an hourly log sheet.
Certain maintenance and check activities can neither be scheduled nor be anticipated, e.g., failure of a solenoid coil or 
seat leakage of a changeover valve.
Maintaining a log sheet immediately reflects that there is an abnormality or change in operating parameter, compared to 
previous parameters; the required component of the system can be immediately located, and attended to by 
maintenance staff.
Log sheet enables the monitoring of all the components of the plant, whether they are mechanical, electrical, and 
instrumentation or process components. To mention a few, log sheet ascertains the following:

❖ PSA sequence is working properly.
❖ Operations of changeover valves of PSA are in order.
❖ Operation of pressure control valves like nitrogen pressure holding valves are proper.
❖ Trip logics and alarm annunciations are working properly.
❖ System is producing gas as per desired quantity and quality.

1b Check that auto-drain traps provided with air receiver are working properly as per specified time. 
At least once in a shift, operator should witness and record the drainage from all the automatic drain valves.  
Further, manual drain valves should be opened to drain out the moisture.

2 15 days checks, maintenance, and replacements

2a Check and stop leakages of instrument air from any SOV or instrument air tubing.

3 Three-monthly checks, maintenance, and replacements

3a Set points of all temperature controllers, pressure switches, drain valve timers, and overload relays should be checked for 
cross reference. Any change in set point should be verified for its reason of change.

4 Six-monthly checks, maintenance and/or replacements

4a Open and clean pre-filter and after-filter to avoid excess pressure drop. Filter should be replaced after 3-4 cleaning.

4b Condition of non-return valves should be assessed by change in operating parameters across the non-return valve. Any 
abnormality should be brought to the notice of maintenance personnel immediately. 
Even in case of no abnormality, condition of non-return valves should be checked in every six months. If required, non-
return valves should be replaced.

4d Check that all interlocks in the system are properly working.

4e Check availability of spare parts in stock for smooth functioning of the system. 

5 Yearly checks (and replacements)

5b Replacements of following must be carried out strictly on the basis of 6000 hours of operation or 1 year, whichever is 
earlier:

❖ Elements of pre- and after- filters
5c Following instruments should be calibrated every 6 months:

❖ Pressure gauges, pressure transmitter and temperature gauges.
❖ Temperature indicator and controllers.
❖ Oxygen gas analyzer (percentage type).

5d Do testing of all change over valves of PSA unit. If change over valve/s is found leaking, arrange for servicing or 
replacement of such valves.

5e Check proper working of pressure relief valves.

5f Check availability of spare part in stock for smooth functioning of the system.

6 3-Year Checks 

6a The condition of the coir mattresses provided inside the PSA towers should be checked to avoid dusting of CMS. If 
required, the coir mattresses should be replaced or more mattresses should be added. 
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Number The golden rule

1 Get the facility design right from the start.

2 Validate processes.

3 Write good procedures and follow them.

4 Identify who does what.

5 Keep good records.

6 Train and develop staff.

7 Practice good hygiene.

8 Maintain facilities and equipment.

9 Build quality into the whole product lifecycle.

10 Perform regular audits.
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Drawing Drawing code

Site plan SITE

Men/material movement drawing MEN-MAT

Civil layout CIVIL

Area classification CLASS

Pressure gradient layout PG

Area wise AHU zoning HVAC 

Drain point drawing DP

Schematic layout of DEX system DEX 

Container/waste flow WASTE

Air flow diagram of HVAC AHU ID 

Technical area civil layout TECH-CIVIL

Schematic layout of Equipment EQUP

Schematic layout of Evacuation plan EVACUATION

Schematic layout of light fixture LIGHT

Schematic layout of insect-o-cutor INSECT-O-CUTOR

Schematic layout of air curtain AIR-CURTAIN

Schematic layout of fire Extinguisher FIRE-EXTINGUISHER

Schematic layout of fire Hydrant FIRE-HYDRANT

Air flow diagram of Process Equipment EQUIPMENT ID (e.XXX-PA-001)

Single line diagram of Electrical SLD





Drawing Drawing code

P & ID of Generation system GEN

P & ID of Storage & Distribution system SDS

Schematic layout of purified generation & distribution 
system

SCM
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Sr. No.

Equipment (Asset)

Make

Model No.

Serial No.

Inst. ID.

Software

21 CFR compliance status

Critical/-Non-Critical 
Calibration

IQ/OQ/PQ

SOP No.

Document Archival

Location
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Category of Equipment Minor Check Frequency Major Check Frequency

Primary Equipment Quarterly ± 7 Days Half-Yearly ± 10 days

Secondary Equipment Half-Yearly ± 10 days Yearly ± 15 days

Ancillary Equipment Half-Yearly ± 15 days Yearly ± 15 days
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Points Yes No Remarks

Is equipment/facility not meeting with safety requirement? 

Is equipment having frequent breakdown, resulting in production 
loss? 

Is equipment not able to repair (spares/vendor support not 
available)?

Is equipment/facility having quality issue, resulting in major non-
compliance or audit observation? 

Is software life cycle support nearing end or non-compliance to 
CGMP and electronics hardware nearing life cycle end?





Table 1 : Expected Equipment Life for Major Equipment (In OSD Plant)

Sr. No. Equipment Type Product Contact MOC Expected Equipment Life 
(in years)

Key Process Equipment

1 Fluid bed equipment SS 316 15

2 Tablet coater machine SS 316 15

3 Rapid mixer granulator SS 316 15

4 Tablet compression machine SS 316 15

5 Capsule filling machine SS 316 15

6 Dry granulator/compactor SS 316 15

7 Steam kettles SS 316 20

8 Blenders SS 316 15

9 Blister pack machine SS 316 15

10 Bottle filling machine SS 316 15

11 Sachet filling machine SS 316 15

12 Packing line equipment and conveyors -- 20

13 LAFs/RLAFs -- 15

14 Sifter SS 316 15

15 Sizer mill SS 316 15

16 Quadra mill SS 316 15

17 Lifter and positioner SS 304 15

18 Peristatic pump --- 15

19 Lifter and tippler SS 316 15

20 Planetary mixture SS 316 15

21 Metal detector SS 316 15



Table 1 : Expected Equipment Life for Major Equipment (In OSD Plant)

Sr. No. Equipment Type Product Contact MOC Expected Equipment Life 
(in years)

Key Process Equipment

22 Tablet deduster SS 316 15

23 Tablet capsule inspection SS 316 15

24 Tablet/capsule check weigher SS 316 15

25 Tablet printing machine SS 316 15

26 IP /conta bin washing machine SS304 10

27 Vacuum transfer system SS 316 10

28 Stirrer SS 316 10

29 Homogenizer SS 316 10

30 Cotton inserter SS 316 15

31 Induction sealer --- 15

32 Retorquer SS 304 15

33 Labelling machine SS 304 15

34 Track and trace SS 304 15



Table 2 : Expected Equipment Life for Major Equipment (In Injectable Plant )

Sr. No. Equipment Type Product Contact MOC Expected Equipment Life 
(in years)

Key Process Equipment

1 Double door autoclave SS 316 15

2 Dry heat sterilizer SS 316 15

3 Vial/ampule washing machine SS 316 15

4 Sterilization tunnel SS 316 15

5 Vial filling machine SS 316 15

6 Bung machine SS 316 15

7 Capping machine SS 316 15

8 Leak testing machine SS 304 15

9 LAF SS 304 15

10 Sip station SS 316 15

11 Preparation tanks SS 316 15

12 Holding tanks SS 316 15

13 Filter assembly SS 316 15

14 Labelling machine SS 304 15

15 Ampule filling machine SS 316 15

16 Ultra sonic machine SS 316 15



Table 1 : Expected Equipment Life for Major Equipment (In API plant)

Sr. No. Equipment Type Product Contact MOC Expected Equipment Life 
(in years)

Key Process Equipment

Reactor SS 316 20

MSGL 15

Hastelloy 30

Centrifuge SS 316 18

Halar lined 5

Hastelloy 30

RCVD SS 316 20

MSGL 18

Hastelloy 20

ANF / ANFD SS 316 20

Hastelloy 20

Sparkler Filter SS 316 20

Tray Dryer SS 316 20

VTD SS 316 20

FBD / FBP SS 316 18

Spray Dryer SS 316 18

Sifter SS 316 12

Miller SS 316 12

Compactor SS 316 12

Micronizer SS 316 10

Blender SS 316 18

Isolator SS 316 15

Hastelloy 15

2

3

4

5

1

6

7

8

9

10

11

12

13

14

15



Table 1 : Expected Equipment Life for Major Equipment (In API plant)

Sr. No. Equipment Type Product Contact MOC Expected Equipment Life 
(in years)

Key Process Equipment

Rota vapour Glass 10

All glass equipment Glass 10

Heat exchanger/condenser SS 316 20

Hastelloy 18

Receivers SS 316 20

SS 304 20

MSGL 15

Hastelloy 20

MS 18

Pumps SS 316 10

PP 5

PVDF 5

Distillation kettle and column SS 316 20

Weighing machine SS 316 15

Lyopholizer SS 316 25

TFF -- 25

Synthesizer -- 20

Preparative HPLC and column -- 25

Ion exchange -- 25

Utility equipment

Boiler -- 30

Chiller -- 20

Cooling tower -- 15

25

26

27

B

17

18

19

20

21

22

23

24

16

28

29

30



Table 1 : Expected Equipment Life for Major Equipment (In API plant)

Sr. No. Equipment Type Product Contact MOC Expected Equipment Life 
(in years)

Key Process Equipment

Air compressor -- 18

Nitrogen generator -- 18

Water treatment (other than ETP) -- 15

Dry vacuum pump -- 15

Dg set -- 18

Ups -- 15

Transformer -- 30

HVAC -- 20

Pumps CS 15

Laboratory Equipment

HPLC -- 8

GC -- 8

KF titration -- 8

Stability chamber -- 15

PSD -- 10

Oven -- 10

Polarimeter -- 10

Analytical balance -- 15

RLAF -- 15

Autoclave -- 20

Incubators -- 10

XRD -- 15

40

41

42

43

C

44

45

46

47

48

49

50

51

32

33

34

35

36

37

38

39

31



Table 1 : Expected Equipment Life for Major Equipment (In API plant)

Sr. No. Equipment Type Product Contact MOC Expected Equipment Life 
(in years)

Key Process Equipment

Other Equipment / Instruments

Electrical panel (MCC/PCC) -- 25

Field instruments (PT, TT, FT, PG, VG) -- 15

DAS/DCS/PLC/BMS: main panel, RIO 
panel, hardware

-- 20

HMI -- 10

52

53

54

54

D







Sr. No. Equipment 
Name

Equipment 
Code

Considered for 
Equipment 

Retirement/Not

Justification Remarks (If any)
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Maintenance 
type

Maintenance 
order number

Maintenance 
Start Date time

Maintenance 
Finish Date & 

time

Operations 
(long text)

Material 
Used

Qty with 
UOM

Cost 
in Rs.

Attended 
By













Sr. No. Existing component & 
instrument specification

Proposed component & 
instruments specification

Equivalency status 
(Yes/No)

Remarks If Any

Sr. No. Existing component & 
instrument specification

Proposed component & 
instruments specification

Equivalency status 
(Yes/No)

Remarks If Any
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Phase Phase I
(Establishment phase)

Phase II
(Improvement phase)

Phase III
(Sustenance phase)

Tenure Initially 3 months Minimum 1 year Review based*

Area Covered Process areas,warehouse, 
quality, engineering

Process areas,warehouse, 
quality, engineering

Process areas,warehouse, 
quality, engineering

Eligibility Default gret zone Orange zone Green zone

Review Frequency Monthly Yearly/Half-yearly Yearly/Half-yearly
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Step Responsible Accountable Consulting Information

Pre-preparation GEMBA
Inspector/auditor

GEMBA

Inspector/auditor

SME QA Head

GEMBA Walk GEMBA
Inspector/auditor

and Observer

QA SME QA Head/SH

Reconciliation of 
observations

Observer QA SME QA Head/SH

Compliance for the 
observations

Concerned 
Function

Function Head SME QA Head/SH

Focus area projections QA/Observer QA QA Head SH











Primary Department HOD of the Department 

Sr. No. Secondary Section Name Section Designee Name No. of Tertiary Areas





Section January
Actual Date

February
Actual Date

March
Actual Date

April
Actual Date

May
Actual Date

June
Actual Date

Section July
Actual Date

August
Actual Date

September
Actual Date

October
Actual Date

November
Actual Date

December
Actual Date





Date Area Name

Sr no Test particulars OK √ /Need attention X Observation Exact location

1 Check for operation of safety guards of machine.

2 Check for calibration of Magnehelic gauge.

Doors and Accessories

1 Check for alignment of door and door-closer.

2 Check for any abnormal sound of doors while in 

operation; there should be no bulging screws.

3 Check for door handles looseness; the door handles 

need to be firm.

4 Check for functioning of door gap and drop seals.

5 Check for interlocking of doors if applicable.

6 Check for door view glass for any damage and fitting.

Floor and Epoxy

1 Cracks on floor and level floor surfaces.

2 Check for epoxy of flooring for cracks, abnormal 

stains and marks, scratches.

3 Check for area coving for any observation.

4 Check for polyvinyl flooring and their intactness.

5 Check and inspect the drain of the area for rusting.

Walls and paint

1 Check the walls for any crack or discoloration.

2 Check the walls for any paint peel off.

3 Check for coving paint in the area.

Utility Pendants

1 Check for utility pendants for names and coding.

2 Check for calibration of pressure gauge on pendant.

3 Check for rusting and buffing of utility pendants.

4 Check for mounting coving of pendants.

5 Check for functioning of lights and cleanliness of light 
fitting.

Miss

1 Check for switch board for proper edges.

2 Check for proper sealing of return risers.

3 Check for coding of supply and return grills.

4 Check for proper fixing of signages in area.

Rate the area aesthetically on 0-10 scale.





Date Area Name

Sr no Test particulars OK √ /Need attention X Observation Exact location

1 Is the machine's major spare/change parts and critical 
parts identified and marked?

2 Are machine as built drawings available?

3 Are machine as built drawings matching with actual 
machine?

4 Are machine physical conditions fine with respect to surfaces 
and cleanliness?

5
Is the machine mounting and placement fine? Is there 
adequate place available to do preventive maintenance?

6 Is machine included in the preventive maintenance schedule?

7
Is preventive maintenance done for the machine and 
maintenance tag available on the machine?

8
Is the preventive maintenance tag capturing all the minimum 
and necessary details like PM done date, PM due date, PM done 
by, signature?

9 Are all the utility requirements provided for the 
machine?

10
Is the preventive maintenance done to the machine within the 
due date in the past as per frequency defined in the SOP?

11 Are all the major check points added in the 
preventive maintenance checklist?

12 Are all the replacement policies of major components according 
to the vendor recommendations?

13 Are all the contact surfaces of certified MOCs and are the 
COAs available?

14 Are the lubricants/oils used for the machine maintenance of 
recommended/suitable grade?

15 Are instruments on the machine identified and tagged 
accordingly?

16 Is there any periodic calibration program?

18 Are instruments on the machine calibrated?

19 Are calibration tags available at each instrument?

20 Is the calibration tag capturing minimum necessary details 
like calibration done date, calibration due date, calibration 
done by, and signature?

21 Are there certificates of calibration available and 
traceable for the standards?

22 Are the calibration certificates capturing all the 
minimum necessary details?

23 Are the acceptance criteria defined for the calibration of 
instruments?

24 Are the calibration certificates checked by 
appropriate personnel.?

25 Is the machine provided with HMI/IPC? If ‘Yes,’ then check 
below points:

26 Does the system have access levels for user login?

27 Is control panel dressing proper?





Date Area Name

Sr no Test particulars OK √ /Need attention X Observation Exact location

1 Are all employees following the entry and exit procedure as 

per SOP?

2 Is the department neat and orderly with sufficient space for 

equipment and operations?

3 Are all work areas and equipment clearly labelled 

with status label, the name, and the batch  number 

of the product being processed?

4 Are doors closed at all times except during man and 

material movements?

5
Is personnel clothing clean, unstained, and dust free, 

including footware?

6 Is pressure differential maintained in working areas at all

times during work?

Is the person performing the activity as per 
operating procedure?

1 Ask about the name of SOP for operation and number. 

2 Ask more details about cleaning of the equipment.

3 Inspect the machine for proper cleaning 

4 Examine the following records:

Machine Log (Operation and Cleaning).

Verify the online record/audit trail of any 

equipment/instruments in use (if applicable) 

equipment/instrument ID:

Entry 

no./date: 

Batch 

no.:

Audit trail (satisfactory/not 

satisfactory): Status board:





Date Area Name

Sr no Test particulars OK √ /Need attention X Observation Exact location

1 Are the electric power points provided flameproof as per 

requirement?

2 Is earthing done properly for all the machines?

3 Are the jumper wires connected to the flange joints of FBEs 

and coaters ducts to reduce the static charge?

4 Is emergency switch on the machine identified and 

tagged?

5 If there are sliding doors and rolling doors, are there sensors to 

control the opening and closing of door as per man and material 

movement

6 Is the machine provided with door/guard limit switches, and 

is it interlocked with machine operation?

7 Does the machine have fire/smoke detection system? Are they 

interlocked with the operation of the machine?

8 Does the machine have explosion flaps and fire dampers? Is it 

they interlocked with the operation of the machine

9 Is the operator trained on all the safety interlocks 

available in the machine?

10 Is PSSR done before commissioning of the machine?

11 Are all the points complying with respect to PSSR during 

operation of the machine?

12 Are all the doors provided comply with required safety 

standards?

13 Is machine is having any sharp/pointy edges which may 

cause cuts on operator while routine operation?

14 Are PPEs mapped against the operations? Are the PPEs 

mapped used during routine operations? Is this mapping and 

usage of PPEs captured in SOPs?

15 Is the area in-charge trained on First Aid?

16 Is fire extinguisher available in the area or near the area?

17 Are fire fighters identified and trained on using 

firefighting systems?

18 Is there any hazardous material handling during routine 

operations? If yes then, is the operator trained on safe 

handling of the hazardous material, and is operator facilitated 

with necessary PPEs?

19 Is the area adequately lit to carry out the routine 

operations?

20 Is the area provided with evacuation plan?

21 Are there signboards in place to show the emergency 
exit directions during evacuation?





Date Area Name

Sr no Test particulars OK √ /Need attention X Observation Exact location

1 Check for display drawings available on the AHU and verify 

the Specifications as actual Given specification

2 Check for Readings on Magnehlic gauges across Pre and fine filters

,the observed reading need to be within acceptance criteria . 

3 Verify dates of preventive maintenance and HVAC validation 

on the status board of the AHU.

4 Check for operation of chilled and hot water/steam actuator 

valves.

5 Check for any air leakages from door and blower edges.

6 Check for insulation; there should not be any insulation peel off
and condensation observed on the HVAC system.

7 Check for functioning of Limit/Micro switch for operation for 

blower section.

8 Check that all door handles are intact;they must be fastened 

properly.

9 Check for operation of inspection light of the AHUs.

10 Check for calibration of magnehelic gauge and pressure gauge.

and DPTs if applicable

11 Check for cleanliness of the AHUs externally.

12 Check for footings of the AHUs and coving.

13 Check and inspect the drain line for any condensation and 

inspect the bottom section of the AHUs.

14 Check for position of fresh air damper; it should partially open to 

circulate fresh air in the area …

15 Check for profiles of AHUs autodoor body for paint peel off or 

puncture in the insulation.

16 Check for alarms of the AHUS in BMS and DAS system for any 

observation.

17 Check for any abnormal vibration on the AHU.

18 Check for operation of relief air damper; it needs to be partially 

open.

19 Check for filter coding.

20 Check for cable dressing for sensors and actuators.

21 Check for period PM check list of AHU.

22

Check for terminal HEPA reading of corresponding AHU.

23

If any AHU is not in operation and under maintenance, inspect 

the inner section of filter, blower and coil section for any 

observation of rusting.

24 Ask orally for alert limits and action limits of pre and post filters 

of AHU.

25 Ask orally for alert limit and action limits of DP across HEPA 

terminal and plenum.

26 Ask about validation procedure of HVAC system.

27 Ask for filter replacement approach of the AHU filters.

28 Ask for MOC of AHUS and filter media and its corresponding

micron rating.





Date Area Name

Sr no Test particulars OK √ /Need attention X Observation Exact location

1 Are all the sensors identified and labelled?

2 Are all the sensors taken under periodic calibration schedule?

3 Do all the sensors have calibration tags?

4 Are instruments on the machine calibrated?

5 Are calibration tags available at each instrument?

6 Is the calibration tag capturing minimum necessary details like 

calibration done date, calibration due date, calibration done by, 

and signature?

7 Are there certificates of calibration available and traceable for the 
standards?

8 Are the calibration certificates capturing all the minimum necessary 
details?

9 Are the acceptance criteria defined for the calibration of 
instruments?

10 Are the calibration certificates checked by appropriate personnel?

11 Are all the TC clamps and welded joints identified and labelled?

12 Is the area is having display drawing (P& ID)?

13 Is the display drawing (P& ID) updated as per the latest change 
control?

14 Is the display drawing (P&ID) is matching with the physical water 
system?

15 Are SOPs available for operation of the system?

16 Is SOP available for preventive maintenance of the system?

17 Is SOP covering all the operational parameters specifications and 
limits?

18 Are all the operational parameters, specifications, and limits in line 
with respective guidelines?

19 Does the system have access levels for user login?

20 Is the privilege matrix defined?

21 Is the audit trial captured in the HMI?

22 Is the audit trial captured having minimum necessary details.?

23 Is the audit trial editable.?

24 Is the alarm handling matrix defined?

25 Are all the controls and interlocks mentioned in the SOP?

26 Is the area clean and free from dust?

27 Are all the filters are identified and tagged?

28 Are all the filters having filter replacement/cleaning status labels.?

29 Has the system been identified and tagged?

30 Is the preventive maintenance status tag available in the system?
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Deficiency Detected

Has there been a 
practice or process that leads to a 

significant risk of producing either a 
product which is harmful to the patient or 
a  product which could result in a harmful 

residue in a food producing animal?
YES

No

Has there been evidence Or observed 
fraud, intentional misrepresentation, or 

intentional falsification of product or data? 

YES

Critical
Deficiency

No

Perform a detailed deficiency classification assessment to make 
an initial determination as critical, major, or other.

Refer to Appendix 1, Figure 2

Perform an assessment to evaluate risk reducing and risk 
increasing effects.

Refer to Appendix 2.

Risk 

Reducing 
Effect

Risk 

Increasing 
Effect

No Net Risk

Increasing or Reducing Effect

Downgrade

Initial

Classification

Maintain initial 
classification 

Upgrade initial 
classification

Classification of the Deficiency

Other 
Deficiency

Major 
Deficiency

Critical 
Deficiency



Step 1

Perform a detailed deficiency 
classification assessment to make 

a determination as critical, 
major or other.

Has there been a 
significant contamination 

or cross contamination 
risk?

No

Has there been a significant 
equipment related risk?

Interpretative Guidance
Illustrative examples of significant risks related to personal could 
include individuals in charge of quality control or production who 
do not possess required education related to their work and do 

not have sufficient practical experience in their responsibility 
area.

Has there been
a significant risk related to personnel?

Interpretative Guidance
Significant risk for contamination or cross contamination are ones 
that may result in contamination levels exceeding daily exposure 

levels or other significant situations where drug contamination may 
occur. Illustrative examples may include absence of air filtration 
systems to eliminate airborne contaminants that are likely to be 
generated, malfunction of ventilation systems with evidence of 

widespread cross contamination, inadequate segregation between 
manufacturing or testing areas from other manufacturing areas for 
high risk products, widespread accumulation of residues indicative 

of inadequate cleaning, or gross infestations. 

Interpretative Guidance
Significant equipment related risk are ones that in isolation will 

present a significant risk. Illustrative examples could include 
autoclave failures or loss in integrity of a jacketed vessel leaking 

coolant. Improper qualification (or absence of qualification) would 
not be considered critical unless subject to other risk increasing 
factors such as evidence or malfunction or a lack of appropriate 

monitoring to demonstrate functionality.
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Yes

No

Yes



Proceed 
to Step 3

Step 2
Continue from Step 1 in 
performing a detailed 

deficiency classification 
assessment to make a 

determination as critical.

Has there been a 
significant risk 
related to the 

quality system?

Has there been a 
significant risk 
related to data 

integrity?

Has there been a 
significant risk 

related to sterile 
fabrication 
processes?

NO

NO

NO

Interpretative Guidance
Illustrative examples of significant quality system related 
risks could include absence of a quality control or quality 
assurance department that is a distinct and independent 

unit, lacking real decision power, with evidence of decisions 
overruled by the production or management

Interpretative Guidance
Considerations when classifying a critical deficiency should 

take into account:
1. Product failing to meet specification at release or 

within shelf life.
2. Reporting of a desired result rather than an actual 

out of specification result when reporting of QC 
tests, critical product or process parameters.

It is important to build an overall picture of the adequacy of 
the key elements (data governance process, design of 
systems to facilitate compliant data recording, use and 
verification of audit trails and IT user access etc.) to make a 
robust assessment as to whether there is a company-wide 
failure or a deficiency of limited scope/ impact.

Individual circumstances (Exacerbating/ Mitigating factors) 
may also affect final classification or regulatory action.

Note: This guidance is derived from the draft PIC/S good 
practices for data management and integrity in regulated 
GMP/GDP Environments.

Interpretative Guidance
Illustrative examples of significant risks related to sterile 
fabrication processes could include  lack of significantly 
inadequate validation of critical sterilization processes, 

water for injections systems not validated with evidence of 
problems such as microbial/ endotoxin counts not within 
specifications no media fills performed, no environmental 
controls or monitoring for viable microorganisms during 

filling for aseptically filled products, aseptic filling 
operations continuing following unsatisfactory media fill 
result, batches failing initial sterility test without proper 
investigation, inadequate environmental conditions for 
aseptic operations, or absence of leak tests for ampules.

YES

YES

YES
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Has there Been a major 
deviation from the terms of the 
manufacturing licence or GMP 

approval?

Interpretative Guidance
Any non-critical deficiency where there is a failure to 

comply with marketing authorization, clinical trial 
authorization, product specification, pharmacopeia 

requirements, or dossier could be considered to be a 
major deficiency 

Interpretative Guidance
Any non-critical deficiencies could be considered a major 
deficiency if there is a failure to ensure effective 
implementation of the required GMP control measures. 
Such deficiencies include those that:
Affect quality attributes*
Affect operations and critical parameters*, or 
Equipment or instruments associated to a process*.

Illustrative examples could include failure to validate; 
failure to comply with validated parameters, failure of 
risk based approach to control, or failure to comply with 
established control strategy- all which do not fall into 
patient harm scope

*Deviation Handling and Quality Risk Management, 
World Health Organization.

Interpretative Guidance
Any non-critical deficiency could be considered a major 
deficiency if there is a deviation from terms that have 

been specified for a manufacturing license or GMP 
approval. 
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Step 3
Continue from Step 2 in 

performing a detailed deficiency 
classification assessment to 

make a determination 
as major.

Has there Been a 
deficiency that produced or 

may produce a product which 
does not comply with its 
marketing authorization, 

clinical trial authorization, 
product specification, 

pharmacopeia 
or dossier?

Have circumstances 
arisen that did not ensure 

effective implementation of 
the required GMP control 

measures?

Yes

No

No

Yes

Yes



Step 4
Continue from Step 3 in performing 
a detailed deficiency classification 

assessment to make a 
determination as major 

or other

Yes

No

No

Yes

Yes

No

Has there Been a 
failure to carry out  

satisfactory 
procedures for release 

of batches?

Has there been a 
failure of the person  

responsible for QA/QC 
to fulfil his/her 

duties?

Has there Been a risk 
related to data 

integrity?

Interpretative Guidance
Any non-critical deficiency could be considered a major 

deficiency if there is a failure to carry out satisfactory 
procedures for release of batches. Illustrative examples 

include release procedures that are deficient to the extent 
where the deficiency could result in:

Release of product that does not comply with marketing 
authorization.

Failure to ensure effective implementation of the required 
GMP control measures. 

A deviation in terms of the manufacturing license or
GMP approval.

Interpretative Guidance
Any non-critical deficiency where there is a failure of QA/ QC 
to fulfil his/ her duties may be classified a major deficiency. 
Illustrative examples include situation where the failure to 

fulfil duties may include release procedures that are deficient 
to the extent where the deficiency could result in: 

Release of product that does not comply with marketing 
authorization.

Failure to ensure effective implementation of the required 
GMP control measures or 

A major deviation in terms of the manufacturing license or 
GMP approval.

Note: Not every failure of the person responsible for QA/QC 
to fulfil his/her duties will result in the classification as a 

major deficiency. 

Interpretative Guidance
Illustrative examples of risks related to data integrity include

Impact to product with no risk to patient health.
-Data being miss-reported, e.g. original results in specification but 

altered to give a more favorable trend.
-Reporting of a desired result rather than an actual out of 

specification result when reporting of data which does not relate 
to QC tests, critical product or process parameters.

-Failures arising from poorly designed data capture systems (e.g. 
using scraps of paper to record into for later transcription) 

2) No impact the product; evidence of widespread failure: 
-Bad practices and poorly designed systems which may result in 

opportunities for data integrity issues of loss of traceability across a 
number a functional areas (QA, production, QC etc.) Each in its own 

right has no direct impact to product quality.

It is important to build an overall picture of the adequacy of the key 
elements (data governance process, design of systems to facilitate 
compliant data recording, use and verification of audit trails and IT 
user access etc.) to make robust assessment as to whether there is 
a company-wide failure, or a deficiency of limited scope/impact. 

affect final classification or regulatory action.
Note: This guidance is derived form the draft PLC/S Good Practices 

for Data Management and Integrity in Regulated GMP/GDP 
Environments.
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ANNEXURE - VII

Department YEARLY GEMBA WALKTHROUGH REVIEW 
FORMAT

Date

Observation/deficiency Number Percentage Repeatability

Observation A P = A/T

Deficiency B Q = B/T

Total A+B = T 100%

Type of observations Number of 
observations

Percentage of 
observations

Repeatability

Critical X E = X/N

Major Y F = Y/N

Continuous improvement Z G = Z/N

Total X+Y+Z = N 100%

Theme of observations Number of 
observations

Percentage of 
observations

Repeatability

Training A A/N

Facility B B/N

Procedural non compliance C C/N

SOP Inadequacy D D/N

CAPA ineffectiveness E E/N

Total A+B+C+D+E=N 100%



Auditee Remarks/Comments





ANNEXURE - VII

Department YEARLY GEMBA WALKTHROUGH REVIEW 
FORMAT

Date

Observation/deficiency Number Percentage Repeatability

Observation A P = A/T

Deficiency B Q = B/T

Total A+B = T 100%

Theme of observations Number of 
observations

Percentage of 
observations

Repeatability

Training A A/N

Facility B B/N

Procedural non compliance C C/N

SOP Inadequacy D D/N

CAPA ineffectiveness E E/N

Total A+B+C+D+E=N 100%

Type of observations Number of 
observations

Percentage of 
observations

Repeatability

Critical X E = X/N

Major Y F = Y/N

Continuous improvement Z G = Z/N

Total X+Y+Z = N 100%



HOD Remarks/Comments:

1. Change in frequency of walkthrough: YES/NO

2. Replacement of machine:

3. Change in procedures or practices:

4. Recommendations:

Auditee Remarks/Comments





TERM DEFINITION

Action level An established microbial or airborne particle level that, when exceeded, should 

trigger appropriate investigation and corrective action based on the investigation.

Airlock A small room with interlocked doors, constructed to maintain air pressure control 

between adjoining rooms (generally with different air cleanliness standards). The 

intent of an aseptic processing airlock is to preclude ingress of particulate matter 

and microorganism contamination from a lesser controlled area.

Alert level An established microbial or airborne particle level giving early warning of potential 

drift from normal operating conditions, and triggers appropriate scrutiny and 

follow-up to address the potential problem. Alert levels are always lower than 

action levels.

Asepsis A state of control attained by using an aseptic work area and performing activities 

in a manner that precludes microbiological contamination of the exposed sterile 

product.

Aseptic manufacturing area The classified part of a facility that includes the aseptic processing room and 

ancillary cleanrooms. For purposes of this document, this term is synonymous 

with “aseptic processing facility” as used in the segregated segment context.

Aseptic processing facility A building, or segregated segment of it, containing cleanrooms in which air 

supply, materials, and equipment are regulated to control microbial and particle 

contamination.

Aseptic processing room A room in which one or more aseptic activities or processes is performed.

At rest The “at-rest” state is the condition where the production equipment is installed but 

with no operating personnel present.

Barrier A physical partition that affords aseptic processing area (ISO 5) protection by 

partially separating it from the surrounding area.



TERM DEFINITION

Bio-burden The total number of microorganisms associated with a specific item prior to 

sterilization.

Biological Indicator (BI) A population of microorganisms inoculated onto a suitable medium (e.g., solution, 

container, or closure) and placed within appropriate sterilizer load locations in 

order to determine the sterilization cycle efficacy of a physical or chemical 

process. The challenge microorganism is selected based upon its resistance to 

the given process. Incoming lot D-value and microbiological count define the 

quality of the BI.

Clean area An area with defined particle and microbiological cleanliness standards.

Cleanroom A room designed, maintained, and controlled to prevent particle and 

microbiological contamination of drug products. Such a room is assigned and 

reproducibly meets an appropriate air cleanliness classification.

Closed isolator Closed isolator systems exclude external contamination from the isolator’s interior 

by accomplishing material transfer via aseptic connection to auxiliary equipment, 

rather than use of openings to the surrounding environment. Closed systems 

remain sealed throughout operations.

Closed process systems The product is processed within closed or sealed process equipment, including 

closed sterilized pipe-work transporting product or material.

Colony Forming Unit (CFU) A microbiological term that describes the formation of a single macroscopic 

colony after the introduction of one or more microorganisms to microbiological 

growth media. One colony forming unit is expressed as 1 CFU.

Component Any ingredient intended for use in the manufacture of a drug product, including 

those that may not appear in the final drug product.

Controlled Not Classified 

(CNC)

An area without airborne particle limits, but with filtered ventilation.



TERM DEFINITION

Critical Area An area designed to maintain sterility of sterile materials. Sterilized product, 

containers, closures, and equipment may be exposed in critical areas.

Critical surfaces Surfaces that may come into contact with or directly affect a sterilized product or 

its containers or closures. Critical surfaces are rendered sterile prior to the start of 

the manufacturing operation, and sterility is maintained throughout processing.

Decontamination A process that eliminates viable bio-burden via use of sporicidal chemical agents.

Depyrogenation A process used to destroy or remove pyrogens (e.g., endotoxin).

Disinfection Process by which surface bio-burden is reduced to a safe level or eliminated. 

Some disinfecting agents are effective only against vegetative microbes, while 

others possess additional capability to effectively kill bacterial and fungal spores.

Dynamic Conditions relating to clean area classification under conditions of normal 

production.

Endotoxin A pyrogenic product (e.g., lipopolysaccharide) present in the bacterial cell wall. 

Endotoxin can lead to reactions in patients receiving injections ranging from fever 

to death.

In operation The “in operation” state is the condition where the installation is functioning in the 

defined operating mode with the specified number of personnel working.

Intervention An aseptic manipulation or activity that occurs at the critical area.

Isolator A decontaminated unit, supplied with Class 100 (ISO 5) or higher air quality, 

which provides uncompromised, continuous isolation of its interior from the 

external environment (e.g., surrounding cleanroom air and personnel). There are 

two major types of isolators – closed and open.



TERM DEFINITION

Isolator setup The surrounding room environment does not come in contact with the product 

and its immediate process environment at any period during processing, and it is, 

therefore, not part of the product protection equation, although control of the 

surrounding room is still a regulatory requirement.

Laminar flow An airflow moving in a single direction and in parallel layers at constant velocity 

from the beginning to the end of a straight-line vector.

Open isolator Open isolator systems are designed to allow for the continuous or semi-

continuous ingress and/or egress of materials during operations through one or 

more openings. Openings are engineered (e.g., using continuous overpressure) 

to exclude the entry of external contamination into the isolator.

RABS setup Either all or the majority of interactions with the surrounding environment occur 

through integral glove-ports. However, as infrequent cabinet door openings may 

occur, the surrounding environment classification and finishes must meet the 

Grade B standards.

RABS, Active RABS using an integral HEPA-filtered air supply to the critical area and manual 

high-level disinfection, usually with sporicidal agents. Gloves and transfer ports 

are used for manipulation and commodity addition.

RABS, Passive RABS wherein the airflow to the critical area is provided by ceiling-mounted HEPA 

filters extending laterally outside the enclosure and the bottom of the enclosure is 

open to provide for air flow through the system. Gloves and transfer ports are 

used for manipulation and commodity addition.

Restricted Access Barrier 

System (RABS)

An aseptic processing system that provides an enclosed, but not closed, 

environment meeting Grade A conditions utilizing a rigid-wall enclosure and air 

overspill to separate its interior from the surrounding environment.

ULPA filter Ultra-low penetration air filter with minimum 0.3 µm particle retaining efficiency of 

99.999 percent.



TERM DEFINITION

Unidirectional flow An airflow moving in a single direction, in a robust and uniform manner, and at 

sufficient speed to reproducibly sweep particles away from the critical processing 

or testing area.

Worst case A set of conditions encompassing upper and lower processing limits and 

circumstances, including those within standard operating procedures, that pose 

the greatest chance of process or product failure (when compared to ideal 

conditions). Such conditions do not necessarily induce product or process failure.

Qualification/validation Qualification/validation can be defined as ‘establishing documented evidence 

which provides a high degree of assurance that specific equipment procured will 

consistently produce its predetermined specification and quality attributes’



TERM DEFINITION

ACPH Air Changes Per Hour.

ADP Apparatus Dew Point. 

AHU Air Handling Unit.

ASHRAE American Society of Heating, Refrigeration, and Air Conditioning Engineering.

ASTM American Society for Testing and Materials.

BMS Building Management System. 

CAV Constant Air Volume. 

CFM Cubic Feet Per Minute.

cGMP Current Good Manufacturing Practice. 

CMH Cubic Meter per Hour. 

CNC Computer Numerically Controlled.

CPP Critical Process Parameter.

CQA Critical Quality Attribute.

DBT Dry Bulb Temperature.

DDC Direct Digital Controller. 

DEX Dust Extraction System. 

DOP Dioctyl Phthalate.

DP Differential Pressure.

DQ Design Qualification. 

EDB Entering Dry Bulb Temperature. 

EWB Entering Wet Bulb Temperature. 



TERM DEFINITION

FDA  Food & Drugs Administration, U.S.A. 

FLP Flame Proof. 

FPM Feet per Minute. 

GI Galvanized Iron.

HEPA High Efficiency Particulate Air. 

HVAC Heating Ventilation Air Conditioning.

IQ Installation Qualification.

ISHRAE Indian Society of Refrigeration & Air Conditioning Engineers. 

ISO International Organization for Standardization.

LDB Leaving Dry Bulb Temperature. 

LWB Leaving Wet Bulb Temperature. 

MCC Motor Control Center. 

MS Mild Steel. 

N.A. Not Applicable. 

OQ Operation Qualification. 

OSHA Occupational Safety and Health Administration.

PAO Poly Alpha Olefin.

PQ Performance Qualification. 

RA Return Air. 

RAT Return Air Temperature. 

RH Relative Humidity.



TERM DEFINITION

RTV Room Temperature Vulcanization

SA Supply Air. 

SMACNA Sheet Metal and Air Conditioning Contractors’ National Association.

SS Stainless Steel.

TFA Treated Fresh Air Unit. 

TR Tonnage. 

UAF Unidirectional Air Flow.

UFH Unidirectional Flow Hoods.

UPS Uninterrupted Power Supply. 

VFD Variable Frequency Drive. 

WBT Wet Bulb Temperature.

ΔP Pressure Difference.

ΔT Temperature Difference.

QC Quality Control.

QA Quality Assurance.

KYM Know Your Machine.

KYP Know Your Procedures.

SOP Standard Operating Procedures.

CAPA Corrective Action and Preventive Action.

SME Subject Matter Expert.

SH Site Head.



TERM DEFINITION

TNI Training Need Identification.

OOS Out of Specification.

OOT Out of Trend.

OOC Out of Calibration.

HOD Head of the Department.

API Active Pharmaceutical Ingredient.

NC Non Conformity.
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