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ABSTRACT
The quality risk management study is an important quality assurance tool for threat identification, assessment
and extenuation of threats. The objective of current research was to resolve potential disappointment associated
with purified water generation system. It includes profound and through study of purified water generation
system, steps involved in water purification process, identification of potential disappointment and detection of
their brutality, incidence and detection ratings, determining risk significance numbers of each failure mode,
classification of risk on the basis of risk significance numbers and finally give the reduction rheostat measure for
harmful disappointment modes. Analysis was conducted to identify the potential significance modes associated
with purified water generation system and no major stark failure mode associated with purified water generation
system was detected. Use of quality risk management and application of failure mode and effect analysis
(FMEA) on pharmaceutical water system was a pivotal point of this research work.
Keywords: Quality Management System, Risk assessment, Risk communication, Risk review

INTRODUCTION
A set of dignified business practices that define
management responsibilities for organizational
structure, processes, procedures and resources
needed to fulfill product or service requirements,
customer satisfaction and continuous improvement
is defined as quality system. A Quality
Management System (QMS) is a set of
interconnected processes used to express and
regulate an establishment with regard to quality. In
other words, a quality system directs how quality
strategies are executed and quality purposes are
attained. [1]
Endless improvement is the outcomes of ongoing
activities assess which work on products, processes
and the entire quality system to enhance
effectiveness. The organization must endlessly
improve the effectiveness and efficacy of its QMS
through the use of its quality procedure, quality
objectives, audit results, analysis of data and
Corrective Action and Preventive Action (CAPA).
[1, 2]
The complete and persistent process of
minimizing risks to produce quality throughout its
life-cycle to optimize its benefit /risk balance in
demanding condition is defined as Quality Risk

Management (QRM). QRM should ensure the
evaluation of risk to quality based on scientific
awareness and experience that ultimately links to
the protection of the patient. The quality systems
approach to the pharmaceutical industry was
launched on large scale with the FDA publication
of pharmaceutical cGMPs for the 21th century- A
risk based approach in August 2005. [3] Bio-burden
control, container /closure changes, QbD
application for design space, validation protocol
have also made use of QRM. [4] Pledging patient
protection before an injury occurs is worry of all
professionals involved in the patient care; patient
safety is therefore, first and foremost matter
essentially related to professional identity.
However, all healthcare systems immensely
concern about the health of patient safety, as the
public has lost its assurance in their ability to
provide safe services. Adverse events are endlessly
experienced by patients at alarmingly higher rates
which makes people to rely that the traditional
health care systems has not fulfilled the intended
purpose. [5, 6] Clinical hazard management has
become a critical part of hospital management as
patient safety is finally a management issue. Health
care interaction between hospital staff and patients
is of vigorous importance in refining the chances of
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risk in hospital, lead to misconduct in ligation.[7]
This can be used to perform the step that may be
wrong with a product and design team try to
convey a list of potential failure modes which are
possible during performance [8-10]

and changes are required to identify the part of the
process where variations has to be needed most
importantly. Analyzing early problems in potential
reliability in the development cycle is a
methodology called Failure Mode Effect Analysis
(FMEA). Future improvement is required in the
product to capture historical design information
that can be used to perform the crucial step of
anticipating what might be incorrect with a
product.

For dropping the error, failure mode and effective
analysis are used to diagnose and estimate a
process where and how it might be failed.
Systematic and prodynamic methods along with
relative impact of different failure to be assessed

There are few terms as the risk assessment tools in the quality management:
S. No.
Terms
Definition
Risk Assessment
Hazard identification and analysis
1.
Risk identification
Using information to identifying the hazards
2.
Risk analysis
Estimation of risk associated with distinguished hazards
3.
Risk evaluation
Comparing the identified and analyzed risk against risk standards
4.
Risk control
Decision making to reduce or accept risks
5.
Risk reduction
Processes for mitigation or avoidance of risks
6.
Risk acceptance
Decision to accept risks
7.
Risk communication
Sharing of information regarding risks and risk management between the
8.
decision maker and other
Risk review
Reconsideration of risk acceptance decision
9.
Pharmaceutical water is the most widely used
ingredient in drug products, manufacturing and the
main component in equipment / system cleaning.
Raw water (Bore well or other source) will undergo
various treatments to get purified water that meets
the regulatory requirements.
The objective of this present work is to
 Study of water purification process and
steps involved in it.
 Study of purified water generation
system.
 Risk assessment of purified water system.

3.

Purified Water Storage, UV treatment and
distribution system
Storage of purified water in SS 316 L tank of
3000 L capacity, control on bacterial growth /
disinfecting from bacteria using Ultra Violet
System (UV).

Following is the brief description of the designed
purified water system:
Pre-treatment: The Raw Water will have
suspended solids, dissolved impurities, colloids,
organics, Microbial impurities etc. The impurities
tend to foul the RO membranes. The pre-treatment
consists of Filtration and Soft water production
facilities to avoid RO membranes from fouling.

EXPERIMENTAL
Purified Water System: The water system is
designed considering water analysis reports for
producing purified water meeting USP-27 & EP
2004 standards. The entire treatment scheme is
described below:

Filtration using Pressure Quartz Filter: Pressure
quartz filter (PQF) is a vertical down flow system
through which raw water is passed at a maximum
pressure of 4 Kg/Cm2 & flow rate of 6000 LPH.
Pressure quartz filter contains 3 layers of pure
grade quartz of different sizes [Pebbles (6-12mm),
medium (3 – 6 mm) and fine (0.5-1.5 mm)]. Bed
depth of filtering media for fins it is - 450 mm, for
medium it is – 150 mm and for pebbles it is – 150
mm. PQF has a maximum flow rate of 6000 L per
hour and with 20 m/ hr specific velocity of
filtration.

Basic Treatment Scheme and System Description:
The entire treatment scheme has been divided and
designed in following stages:
1. Pretreatment for producing Soft Water
Filtration using PQF, Removal of Hardness
using softener & Chlorine dosing
2. De-salination and De-ionisation
Filtration using 5 μ cartridge filter to control
the suspended solids and Turbidity,
Desalination
using
Reverse
Osmosis
Technology (2 pass RO system) & Deionisation using Electronic deionisation
system (EDI) to control conductivity.

Removal of Hardness using softener: Softener is a
vertical up flow system with pack bed technology
through which filtered water coming from PQF is
passed. Softener contains positive resin (C 20 Na),
which can be regenerated using brine solution after
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softener every 60,000 L of water or 10 working
hours.

than the set limit the water generated is dumped
using automatic dumping valve. If the water
generated passes all the set limits then it is passed
to EDI. 1st pass RO can feed water at the rate of
1650 L per hr to 2nd pass RO at maximum
operating capacity and with a recovery rate around
60 %, whereas the 2nd pass RO can feed water at
the rate of 1350 L per hr to EDI for further
treatment.

Chlorine Dosing System and Soft Water Storage
Tank: Chlorine dosing system has been provided to
maintain the level of free chlorine in the soft water
during storage. The free chlorine present in the
water reduces the possibility of microbial growth.
The soft water treated with 1 % concentrated
solution NaOCl (to achieve 2 ppm concentration) is
stored in the soft water storage tank of 10,000 L
capacity.

EDI System: Electron De-Ionization System has
been provided after two pass RO system to bring
down the conductivity of water within acceptable
range. The unit operation is possible only when the
minimum flow level and conductivity level of
water from two pass RO system meets the set limit
(≤ 20 μS/Cm). The water from EDI can be fed to
purified water storage tank at a rate of 1200 L per
hr, only when the conductivity of the water is ≤ 1.3
μS/Cm at 25°C, until the desired conductivity is
achieved the auto dumping valve drains the water
coming out of EDI. The EDI system trips when the
water flow to EDI unit is at the lower level and the
water level in the storage tank is at maximum level.

SMBS Dosing System: SMBS dosing is done to
remove the free chlorine (to achieve less than
0.1ppm concentration of free chlorine) from the
soft water before passing to RO system. Sodium
Meta Bi Sulphite (SMBS) is a proven chemical for
removing free chlorine from water.
Anti Scalent Dosing System: Sodium Hexa Meta
Phosphate (SHMP) is used as antiscalent in the
purified water system. On starting the Soft Water
Feed Pump SMBS Dosing and antiscalent Dosing
System are also started simultaneously.

Purified Water Storage, UV Treatment and
Distribution System
Purified water Storage Tank: Purified water
produce after the RO and EDI system is stored in
purified water storage tank of 3000 L capacity. The
Tank is provided with level transmitter to monitor
the level of purified water in the storage tank.

De-salination and De-ionization
5μ cartridge filter System: The soft water treated
with SMBS and anti scalent (SHMP) may have
suspended impurities particle size bigger than 5μ,
to reduce suspended solids further the water is
filtered with 5μ cartridge filters at a pressure of
2Kg/cm2 and a flow rate of 2400 LPH. Filter used
in the cartridge filter is a graded depth cartridge
filter made up of spun. After filtration an ORP
analyser is provided which analyses the content of
free chlorine and drains the feed water till the
concentration of chlorine in feed water reaches the
set limit.

The existing Purified Water Storage Tank receives
the water after EDI. Whenever the Purified Water
Storage Tank is full the water generation will be
stopped automatically and auto-flushing modes is
activated in the purified water generation skid.
Water from the Storage tank is distributed to the
user points in the plant through the Distribution
loop

Primary Salt Reduction - Two Pass RO System:
Two Pass RO System has been provided to
desalinate the water (To remove the dissolved salts
from the water), to reduce TOC and other
contaminants from the feed water. The RO system
has total 5 arrays (3 in 1st pass RO and 2 in 2nd
pass RO) made up of SS 316 containing 13 RO
membranes, which are made of CPA with a
dimension of 40” in length and 4” in width. The
system starts up has designed with auto operation
when following conditions are achieved.
 RO feed pump is in operation.
 ORP value is within the limits
 Low Pressure at the suction of HPP is within
the limits
Meeting the above requirements, 1st stage RO
Pump starts automatically. After certain time, 2 nd
stage RO Pump shall also starts. In case
conductivity after second stage of RO is higher

UV System: In order to further control
microorganisms, UV system is provided in the
distribution loop after purified water storage tank
operating at 254 nm wavelengths. The UV system
has been designed at a flow rate of 7000 L per
Hour. The UV system with 4 UV lamps has also
been provided with an Intensity Monitor to monitor
the UV intensity in the module made up of SS 316
L.
Heat Exchanger System: Sanitization of the
distribution loop is done using hot water. To
generate hot water heat exchanger provided in the
distribution loop after UV system. Heating is done
through steam supplied to heat exchanger. Heat
exchanger system has been designed at a flow rate
of 7000 L per Hour.
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Distribution Loop: Water from the UV system is
distributed to user points through SS 316 L electro
polished distribution loops with a slope 1: 200. 15
Pendants are provided at the point of use in clean
room areas and 3 points for water utilization in
quality control area and 1 in warehouse washing
area and 1 in stability chambers area. Return loop
to purified water storage tank is provided with back
pressure valve to control back pressure into the
return loop and spray ball to keep the non-wet parts
wet by spraying the water returning from
distribution loop to purified water storage tank.

involved identifying, analyzing and evaluating
potential failure modes in the system. After
identifying potential failure modes the second step
was to determine the severity of impact of the
unwanted events and ultimately occurrence and
detection rating for each failure mode were
assigned. The risk priority rank (overall risk) was
assigned based on the assessment done for impact,
probability of occurrence and probability of
detection. Recommended action given for
unacceptable risk to reduce the risk to an
acceptable level. The risk priority ranking was
calculated by multiplying severity rating,
occurrence probability rating and detection
probability rating for all of the failure modes.

Risk Assessment of Purified Water Generation
System
FMEA was used for risk assessment of purified
water generation system and identified the potential
failure modes, which was directly impact on
quality of purified water used for the
manufacturing and processing of pharmaceuticals.
An effective FMEA identifies corrective actions
required to prevent the probable failures modes and
assure the highest possible yield, quality and
reliability. The first step in risk assessment

Risk Assessment Procedure
Risk assessment has been carried out as per the
guidelines
mentioned
in
the
annexure
2QA065/A03. The Risk management tool used in
this document is FMEA (Failure Mode Effects
Analysis). The criteria for the severity, Occurrence
(Probable Factor) and Detection ratings are given
below.

Table 3.1 Severity Rating
Effect
Severity of effect
Very high severity ranking when a potential failure mode effects safe
Dangerous high
operation or involves non-compliance with regulations without warning.
Equipment/production stopped, with loss of function
Extremely high
Failure would create noncompliance with federal regulations
Very high
Failure renders the unit inoperable or unfit for use
High
Failure causes a high degree of customer dissatisfaction.
Moderate
Failure results in a subsystem or partial malfunction of the product
Failure creates enough of a performance loss to cause the customer to
Low
complain
Failure can be overcome with modifications to the customer’s process
Very Low
or product, but there is minor performance loss
Failure would create a nuisance to the customer, but the customer can
Minor
overcome it without performance loss
Failure may not be readily apparent to the customer, but would have
Very Minor
minor effects on the customer’s process or product
Failure would not be noticeable to the customer and would not affect the
None
customer’s process or product
Table 3.2 Occurrence rating
Probability
of
Criteria for rating of Occurrence
occurrence
Very high
Failure is almost inevitable

Rating
10
9
8
7
6
5
4
3
2
1

PF
number
10

High

Failure is occur almost as often as not

9

High

Repeated Failure

8

High

Failure occur often

7

Moderately high

Frequent failure

6

Moderate

Occussional failure

5
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Moderately low

In Frequent Failure

4

Low

Relatively few failure

3

Low

Failure are few for between

2

Remote

Failure is unlikely

1

Table 3.3 Detection rating
Detection
Criteria for ranking Detection
Absolute
The product is not inspected or the defect caused by failure is not
Uncertainty
detectable.
Product is sampled inspected and released based on Acceptable Quality
Very remote
Level (AQL) sampling
Remote
Product is accepted based on no defective in a sample
Very Low
Product is 100% manually inspected in the process
Low
Moderate
Moderately High
High
Very High
Almost Certain

Product is 100% manually inspected using go/no-go or other mistakeproofing gages
Some statistical process control (SPC) is used in process & product is
final inspected offline
SPC is used & there is immediate reaction to out-of-control condition
An effective SPC program is in place with process capabilities (Cpk)
greater than 1.33
All product is 100% automatically inspected
The defect is obvious or there is 100% automatic inspection with
regular calibration & preventive maintenance of the inspection
equipment.

Types of Water
Bore Well water
Chlorinated water
PQF
Soft water
5µ Cartridge filter
RO treated Water
UV Lamp Treated
Water

10
9
8
7
6
5
4
3
2
1

determination of the quality of water in water
generation system. On the basis of assessment tools
following results were obtained. (Table no.)
Industry from

RESULTS & DISCUSSION
Pharmaceutical water is used for manufacturing
and cleansing system of drugs and their
manufacturing devices. During this experiment a
lot of risk assessment tools were applied for
S. No.
1.
2.
3.
4.
5.
6.
7.

Ranking

Severity Rating
9
7
6
5
4
3
2

Bore well water obtained was having very high
severity and occurrence rating and very low
detection rating. As the process of purification
proceeds severity and occurrence rating decreases
and detection rating elevates. The chlorine is used
as disinfectant in the purification process to kill the
microbes present in the bore water. After
disinfecting of water, it is treated by sodium
metabisulphite to remove free chlorine in the form
of salt. If due to any reason, free chlorine is not
removed; the ORP sensor provided after cartridge
filter will sense free chlorine and automatically
opens the auto dumping valve shutting down the
system simultaneously. The performance of the RO
system is affected due to deposition of the salts on

Occurrence Rating
8
7
6
4
3
3
2

Detection Rating
2
3
4
5
7
7
9

the RO membrane. To avoid deposition of salts and
to increase the cleaning duration Sodium Hexa
Meta Phosphate (SHMP) is used as antiscalent in
the purified water system. On starting the Soft
Water Feed Pump, SMBS Dosing and antiscalent
dosing system are also started simultaneously.
After this water is passed by 5µ cartridge filter
system where the antiscalent and chlorine salts are
filtered which reduce the severity and occurrence
rating and detection rating are increased.
Desalination of water proceeded by two pass RO
system and electron de-ionisation is carried to bring
down the conductivity of water within acceptable
range and treated water is stored in storage tank. To
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control the growth of micro-organism, UV system
at 254µ wavelength is applied and distributed at the
user points.

background information, determination of risk
question, risk tool selection, risk assessment, risk
control, risk communication and documentation
and risk review were taken as important
experimental steps.

As the evaluation of water is performed in the each
steps of process using failure mode and effect
analysis so that no major failure mode associated
with purified water generation system was
detected.

Water is the most widely used as raw material or
ingredient in the production, processing, and
formulation of compendial articles. Control of the
microbiological quality of the water is important
because proliferation of microorganisms ubiquitous
to water may occur during the purification, storage
and distribution of the ingredients. If water is used
in the final product, these microorganisms or their
metabolic products may eventually cause adverse
consequences.

CONCLUSION
Quality risk assessment was performed on purified
water generation system for determination of
potential failure modes associated with water
system. The failure mode and effect analysis was
choosed as risk assessment tool. Collection of
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