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(Quality & Quality Control in Chemical Industry)

1. 90Tl (Quality)

IRTNT (Definitions of Quality)

IoTaET fheET 3cuTe AT AT Y FAAYATHT FT GF T & ST ARF P ITARIFATHT
3R AH F @ FIT R
TG YHE TRATIIC:

1. American Society for Quality (ASQ):

Quality is the totality of features and characteristics of a product or service that bears on its
ability to satisfy stated or implied needs.

2. 1SO 9000:

Quality is the degree to which a set of inherent characteristics fulfills requirements.
7ET fag;

e P 3R specification el YTelel
« Consistency 3iX reliability

2. J[UTET T ATGRIAHAT (Need for Quality)

1. ATgHh 'H@'f@' — High quality — Customer loyalty
2. yeuur 3R IARAST FH HIAT - Less defective products — Less wastage
3. gfarauicas d6d — International standards meet h{dalT



4. 3cUIqel oTd HCTT — Defect hH — Cost hH
5. Safety 3R Environment Protection — Especially chemical industry 3

3. q0raeT F1 a3 (Evolution of Quality)

3.1 3%aF WS (Global Context)

1920-1940: Inspection-based QC

1950-1970: Statistical Quality Control (SQC) — Shewhart, Deming
1980-1990: Total Quality Management (TQM) — Continuous improvement
2000 onwards: ISO, Six Sigma, Lean Manufacturing

3.2 AR WY (Indian Context)

e 1950-1970: Inspection and factory control
e 1980-1990: ISO 9000 adoption, TQM initiatives in chemical industries
e 2000 onwards: Environmental standards (ISO 14000), Safety and Sustainability focus

4. Chemical Industry 7 Quality Control (QC)

qfysmT:
QC I YUTTelr g, foga arcgq a3 i LIMCE 3R speciﬁcationﬁ g‘ﬁ'@l’
ST &1

3eeRT:

1. Raw materials & of&hX Finished product deh J[oTaT ﬁﬁﬁﬂﬁ AT
2. Defective products I IgdTeT 3iR UR
3. Regulatory compliance ﬁﬁ‘f?ﬂ?f el

5.QC 3R TQC &1 fJaR ¥ o=

(Concept and Philosophy of QC and Total Quality Control)

Quality Control (QC):



Product oriented

Testing 3iR inspection IX TR

Corrective measures focus

Total Quality Control (TQC):

Organization-wide approach

Quality at every stage of production

Preventive philosophy (Prevention > Detection)

Employee involvement, supplier quality, customer feedback

“Right first time” — Defect prevention
Continuous improvement (Kaizen)
Statistical methods for monitoring

6. Chemical Industry A QC Laboratory T Design

6.1 AT f3amgsT fAGYUTT (General Principles)

1.

Segregation of Laboratories:
o Chemical laboratory
o Instrumental laboratory
o Microbiological laboratory
Safety and Ergonomics:
o Adequate ventilation
o Fume hoods, fire safety
o Chemical storage cabinets
Space Allocation:
o Separate benches for wet chemical analysis, instrumental analysis, microbial
work
o Adequate storage for reagents, standards
Facilities Required:
o Analytical balance, pH meter, spectrophotometer, HPLC/GC (Instrumental
Lab)
o Autoclave, incubator, laminar flow (Microbiology Lab)
o Glassware, fume hood, distillation unit (Chemical Lab)

. Workflow:

o Raw material — QC testing — Process control — Finished product testing —
Documentation
Documentation & Records:
o SOPs (Standard Operating Procedures)
o Batch records, calibration logs, instrument maintenance



SOPs, GLPs 31T GMPs

(Standard Operating Procedures, Good Laboratory Practices & Good Manufacturing Practices)

1. Standard Operating Procedure (SOP)
(AT WETeTsT IRa)

gfyemT:
sop ts faf@a der & o e faw ufshar, wdietor ar s=eremerr srfafafer = gerfeq,
T 31T reproducible d8F @A FT dRIHT IdTGT B

9

ELCADH

1. Consistency dolTU IWAT
2. Errors 3 variation &l A &HTAT

3. Quality 3i¥ safetyﬁﬁf'\?ﬂ?f LT

4. Regulatory compliance

#Eq g

Step-by-step procedures

Responsibilities T TIse faavor

Safety 3iX PPE & FATHhRT

Documentation 31 record keeping

EIUH
e Instrument calibration SOP
e Chemical titration SOP

e Microbial culture SOP

2. Principles of Good Laboratory Practice (GLP)

(3= gATRITeT gAT & fAgwia)

gfRemT:
GLP T quality system &, i giAfead #xar & fop laboratory studies (T3 non-clinical

studies) reliable, reproducible IR internationally acceptable il



1. Organization and Personnel
o Qualified staff, defined responsibilities
2. Facility and Equipment
o Properly maintained labs, calibrated instruments
3. Study Plan / Protocol
o Written protocol, objectives, methodology
4. Test & Reference Substances
o Proper labeling, storage, and traceability
5. Standard Operating Procedures (SOPs)
o All critical processes documented
6. Study Conduct and Documentation
o Accurate record keeping, raw data preservation
7. Reporting of Study Results
o Comprehensive, signed reports
8. Quality Assurance (QA)
o Independent monitoring of studies
9. Archiving & Record Retention

o Safe storage of data and samples

e Reliable, high-quality research data
e International acceptance of results

e Reduced errors and variability

3. Good Manufacturing Practices (GMP) -FaT &

s
GMP T quality assurance system &, ST ﬁﬁﬁﬂﬁ Far & products (especially

pharmaceuticals and chemicals) consistently quality standards F meet F|

#Eq fag;

1. Clean and hygienic facilities



2. Well-defined manufacturing processes
3. Qualified personnel

4. Material traceability

5. In-process testing & QC

6. Documentation (Batch records, SOPs)

e Product safety & efficacy
e Regulatory compliance (FDA, WHO, CDSCO)

e Customer satisfaction

4. SOPs, GLPs 3R GMPs T 37a¥

Aspect SOP GLP GMP
Laboratory study quality & Manufacturing product
3EcY Process standardization | | y va y . &b
~ reliability quality & safety
Single procedure
Scope g . P / Laboratory studies Entire manufacturing process
activity
Focus Consistency & error Data integrity & Product quality &
reduction reproducibility compliance
Regulator
gulatory Internal / 1SO OECD, FDA WHO, FDA, ISO, CDSCO
relevance

Good Manufacturing Practice (GMP)

(3= fAAToT Wam)

qfsimsT:
GMP T quality assurance system &, ST ﬁﬁﬁﬂﬁ FIT ¢ foh 3curg (RAy &7 &
PHRGRFC 3 FAFeH) TFMEAR 3T I[UIadT & ATl S QU A
GMP & FET Raguia:
1. Facility & Hygiene:
o TaTo, guiEd IR R gatewer
2. Personnel:

o AT FHIANT, gfANeTor IR IfFaeTT TaTadl




Raw Materials & Components:
o Traceability, proper storage, quality check

Manufacturing Process:
o Standard operating procedures (SOPs) T YTelel

o Process control & in-process testing
Documentation:

o Batch records, SOPs, QC reports
Equipment:

o Proper maintenance, calibration

Product Testing:

o Final product T quality 3iR safetyﬁﬁﬁﬂ?f hIAT

Compliance & Regulatory:

o FDA, WHO, 1SO 3iX CDSCO HTsTehl T UTeled

High quality products
Safety & efficacy ﬁﬁfﬁ\ﬂﬁ

Regulatory compliance

Customer satisfaction

Sampling Techniques

(FAHAT At I dhedlF)

Sampling & WishdT ¢, TST&# qUT batch AT population & & & UfATATE HIeT T Th=l lh

AT 3T feawor Far Srar g1

1. Measurement, Analysis 3R Methods of Improvement

Measurement: Quantity IT characteristic sl HIYeT hIAT

e Analysis: Sample T [UTcAS HR ATHTCHS GETOT

Improvement Methods:



o Representative sample ol

o Contamination shH hIdT

o Instrument calibration

2. Basics of Sampling
1. Objective:'\q?f kg representative data 9Tcd h{ddT
2. Principles:

o Randomness: 8¢ item @ AT HlT
o Representativeness: Sample population FI reflect A

o Homogeneity: HHTT compositiona'l?T batch & sampling

3. Sampling Procedures

e Random Sampling: 93 item T HHTT Tl HT HIE
e Systematic Sampling: Predefined interval 9 selection
e Stratified Sampling: Batch @I sub-groups & EIrE oy sample o=

e Composite Sampling: ﬁ sub-samples @I THTAT T representative sample ST

4. Sampling Inspection
e Purpose: Quality 3R defects T JM=
e Method:

o 100% inspection (small batch)

o Statistical sampling (large batch)

5. Sampling Based on Physical State
1. Solid Sampling:
o Powder, granules - Spoon, thief, rotary sampling
2. Liquid Sampling:

o Pipette, sampling valve, continuous sampling



3. Gas Sampling:

o Gas bags, impingers, sorbent tubes

6. Hazards in Sampling
e Toxic, flammable, corrosive, reactive substances

e Protective measures: PPE, fume hood, closed systems

o Properlabeling3-ﬁT storage

7. Pre-concentration Methods
e Rare or low concentration substances & foIT sample concentrate sh{dT

e Techniques: Evaporation, filtration, solid-phase extraction, distillation
e Objective: Accurate analysis & detection

Statistical Quality Control (SQC) Techniques

(Wif@Thrr aquraar =T aeelE)

1. Statistical Quality Control (SQC) #T IR=T

afsmT:
sac s gifeahrr RAfr 2, 5 scures 3R 9fFar i aoraar & At i@k gara s oo
AT Hr ST B

ELCADH
1. 3c9IGed #H variability I 9gdTeTaAT
2. Process &I standard limits & $ffaR I
3. Defective products shdH Il
4. Continuous improvementﬁﬁ%ﬂ' ERGIl
SQC &I HAgca:

e Chemical X Process Industry H product consistency ey regulatory compliance '\gﬁﬁﬂﬂ'
hIAT



2. Statistical Fundamentals
AT H ar:
1. Population3ﬁT Sample

o Population:qt\ﬁ' batch AT population

o Sample: Representative subset

2. Mean (3itHq):

3. Standard Deviation (o):

4, Variance (0?)

5. Control Limits: Upper Control Limit (UCL), Lower Control Limit (LCL)

3. Techniques in SQC
HET dhadleh:
3.1 Control Charts (fg=IoT =TE)
e Product quality 3R process variation @I monitor a1 & foIT
o Yol
1. X-bar Chart: Sample mean & o
2. R-chart: Range & ToIT
3. p-chart: Fraction defective & ToIT

3.2 Acceptance Sampling (Vi fa sTo@T gdiaton)

e large batch H representative sample test sl
e Decision: Accept / Reject batch
e Techniques: Single, Double, Multiple sampling

3.3 Process Capability Analysis



e Process @I ability to meet specifications

e Indices: Cp, Cpk

4. Performance Evaluation
e Process @I performance I statistical data & HIEIH H evaluate HLAT
e Parameters:
1. Mean shift
2. Variability change
3. Defect rate

e Goal: Continuous improvement & cost reduction

5. Uncertainties in Measurement
o THAT 8T measurement & AfARTTaT unavoidable%’

e Sources:
1. Instrumental errors
2. Sampling errors

3. Environmental factors

e Importance: Measurement uncertainty &I SITeT=IT SQC # decision making & T 3maeg®

3

6. Validation of Analytical Methods

gfsimsT:
Analytical method & reliability 3i¥ accuracy I JHIOIT T

Parameters:

1. Accuracy (TGlehdT)

N

Precision (HHTAAT / Reproducibility)
3. Sensitivity (Detection limit)

4. Specificity (Target analyte Fr Jgdlel)

Robustness (Environmental changes & 9fa FE2Radm)

b



sQC# AT

e Validated methods & ?freliable statistical control T¥d %’

7. Roles of SQC in QC/QA of Process Industry
sQC #T s{fAer:
1. Quality control (QC): Product quality maintain sh{eT
2. Quality assurance (QA): Process reliability 3R compliance '\'flaﬁﬁﬂ?f el
3. Defect detection 3iX process improvement
4. Cost reduction 3R efficiency improvement

5. Regulatory requirements (ISO, FDA, WHO) T &h{sT

Example in Chemical Industry:
e Continuous monitoring of reactant concentration
e Batch uniformity check

e Defective batch rejection based on statistical analysis

Total Quality Management (TQM) in
Chemical Industry

[ETAfAF 3T # Fel UTTAT TaereT)

1. 9R=F (Introduction)

TQM (Total Quality Management) Ueh HI[SellcHe GIScehivT &, foTdenT 382 ¥
HarsA # qoraen FRARTT FI 3R AmEF T FIed FT B

CITE LR

“TQM Ueh H31asT I gt qomrelr g, Toresd weft fysmmr, weft o=y ik asft uftkand
Tl U 3N Ageh HJSC & oI &re el 17



2. Concept of TQM
7Ey =

IMgeh ehiead GreeepluT (Customer Focus)

Organization-wide involvement (F3TaeT & THT TAX mfHA)
Continuous improvement (Hdd U / Kaizen)
Process-centered approach (JTshdT 3TETR)

Fact-based decision making (FTIf&IHT 3er X 3memRa o)

A e

3. Basic Approach of TQM

Quality at every stage of production

Prevention of defects rather than detection
Employee involvement and teamwork

Supplier and customer relationships management
Continuous training and skill development

M S

4. TQM Framework

TQM Framework & eMfA g:

1. Leadership: Management commitment 3iR vision
2. Strategic Planning: Quality objectives 3iR roadmap
3. Customer Focus: IMgH I TTIHdT3T T l3I;13‘f T
4. Process Management: Process standardization 31X optimization
5. Measurement & Analysis: Performance metrics 3 monitoring
6. Continuous Improvement: Kaizen, Lean, Six Sigma
7. Employee Involvement: Teamwork, suggestion schemes
5. Benefits of TQM

1. 3T I[OTa] arel 3c9le,



IqMeeh FIive AR faRard sear
3cUTGe deTd | HaAr
Defective products T TE&IT Tl

Employee morale 3R motivation SGI=IT
Regulatory compliance 3THTsT glel
Market competitiveness SGell

U

6. Barriers to TQM

Managementﬁ FHHASIRK commitment

Employee resistance to change

Poor communication within the organization
Lack of training and resources

Short-term focus over long-term quality goals
Inadequate measurement and feedback systems

SNk =

7. The Seven Traditional Tools of Quality

9HE 39RO (7 QC Tools):

Tool 39T
1. Cause-and-Effect Diagram (Ishikawa / .
. Root cause analysis
Fishbone)
2. Check Sheet Data collection 31X pattern observation
3. Control Charts Process monitoring over time

4. Histogram Frequency distribution T graphical

representation
5 Pareto Chart Problems T JTafASdar AUROT (80/20
principle)
6. Scatter Diagram Relationship analysis between two variables
7. Flow Chart / Process Diagram Process steps visualize sh3elT

8. New Seven Management Tools

AE 7 YasT 3YHIYT (for complex problem solving):



Affinity Diagram — Ideas &1 categorize &I
Interrelationship Digraph — Cause-effect relationship &&=
Tree Diagram — Objective / task breakdown

Prioritization Matrix — Decision-making 3R prioritization

Matrix Diagram — Relationship analysis (2D/3D)
Process Decision Program Chart (PDPC) — Risk and contingency planning

N hE WD =

Activity Network Diagram — Project scheduling 3R task dependencies

Total Quality Management (TQM) Principles

(Temates e § Her TureT See & frgi)

1. Leadership Concepts

Quality improvement =1 71 49 (Leadership) & 31w 21
Deming Philosophy:

1. Quality is everyone’s responsibility

2. Continuous improvement

3. Use of statistical methods for decision making
Role of TQM Leaders:

o Vision 3K strategy define &

o Employees # motivate 3t empower T
o Resource allocation 3R process improvement 3 g T

Implementation Tools:
o Quality Circles
o Quality Statements
o Strategic Quality Planning

2. Team and Team Work

e Teamwork: Employees & small groups % organize & quality issues W M T
e Recognition & Reward: s/=s a3 W incentives 3 awards
e Performance Appraisal: Employees ' contribution 3t improvement monitor =&t

o Benefits:
o Improved productivity
o Reduced defects
o Employee motivation & satisfaction

3. Customer Satisfaction



(arreh wq®)

o Dimensions of Product & Service Quality:

o Performance, Reliability, Durability, Serviceability, Aesthetics
e Customer Perception:

o Customer focus

o Customer orientation

o Customer satisfaction
o Using Customer Complaints:

o Feedback # process improvement

e Service Quality & Retention:
o Timely service, complaint resolution, loyalty increase

4. Employee Involvement

e Motivation: Employee % encourage &%, internal drive develop st
e Empowerment: Decision-making authority &
o Benefits: Better problem solving, improved quality, higher commitment

5. Continuous Process Improvement

e Juran Trilogy:
1. Quality Planning
2. Quality Control
3. Quality Improvement
e PDSA Cycle (Plan-Do-Study-Act): Continuous improvement cycle
o Kaizen: Small, incremental improvements in daily work
e Six Sigma Approach:
o Concept: Reduce defects to < 3.4 per million opportunities
o Methodology: DMAIC (Define, Measure, Analyze, Improve, Control)
o Application in Chemical Industries: Process optimization, yield improvement,
waste reduction

6. Supplier Partnership & Relationship Development

e Partnering: Long-term collaboration with suppliers

e Sourcing & Supplier Selection: Quality, cost, reliability, delivery considerations

o Supplier Rating: Performance measurement using metrics like on-time delivery,
defect rate, responsiveness

7. Performance Measures



e Basic Concepts: Evaluate quality, productivity, and efficiency

o Strategy & Presentation: Data collection, statistical analysis, reporting
e Quality Costs Analysis:

Prevention costs (training, process improvement)

Appraisal costs (inspection, testing)

o Internal failure costs (rework, scrap)

o External failure costs (warranty, returns)

o O

TQM Tools

(T TTUTSNT TEU % ITRTT)

1. Benchmarking

ftwreT:
Benchmarking we ufsrm 8, fores scare, Sfshar ar & <t ot iR wawiq & industry best practices
It competitors % AT TAT Fh AR % 3T §3 SI1d 2l

Reasons to Benchmark (=mwvr):

1. Best practices identify st

2. Process improvement
3. Performance gap s 9ar <1

4. Customer satisfaction sigmt

Process (wfsram):
1. Identify what to benchmark (3cre / wfsam / @)
2. Identify benchmarking partners
3. Collect data and analyze performance
4. Implement improvements
5. Monitor results

Pitfalls & Criticisms (sfr=):

e Blind copying instead of innovation
e Misinterpretation of data

e Time-consuming and costly

e Overemphasis on competitors

2. Quality Function Deployment (QFD)



aRwraT:
QFD w= structured approach 2, 5# customer requirements =t design 3 production
process ® translate ferar st 21

Benefits:

e Customer satisfaction sgmr
e Product design # errors % &
e Cross-functional communication improve &1

House of Quality:

e Matrix representation connecting customer requirements 3= technical

requirements
o Prioritizes design features based on customer needs

QFD Process:
1. Identify customer requirements (Voice of Customer)
2. Identify technical requirements / design parameters
3. Construct House of Quality matrix
4. Prioritize actions based on importance and feasibility
5. Implement improvements

3. Taguchi's Quality Loss Function

i
Taguchi method product quality =t loss to society & &7 # quantify = 2|

Concept:

e Deviation from target — Quality loss
e Loss Function:

L(y) = k(y = T)?

Where,

L = Loss to society
y = Actual value

T = Target value

k = Constant

Benefit:

e Focus on reducing variation, not just meeting specifications



e Encourages robust design

4. Total Productive Maintenance (TPM)

aRwraT:
TPM tws comprehensive maintenance approach 2, f5@e 32w equipment availability iR
efficiency sigr 21

Concept:

e Zero breakdown, zero defect, zero accident
o Involves all employees, especially operators

Improvement Needs:

e Reduce machine downtime

e Improve productivity

e Preventive maintenance focus

e Operator training and involvement

5. FMEA (Failure Mode and Effect Analysis)

R
FMEA t= systematic approach z, sit product/process failures 3R 3 causes iR effects %
identify s 21

Stages (=rur):
1. Identify potential failure modes
2. Analyze potential effects of each failure
3. Determine causes of failure
4. Assign Risk Priority Number (RPN)

Recommend corrective actions
Implement and monitor improvements

ISA

Types of FMEA:

1. Design FMEA (DFMEA): Product design # potential failures
2. Process FMEA (PFMEA): Manufacturing / process failures

Benefits:

e Prevent defects before occurrence
e Reduce quality cost



Improve reliability and safety

6. fi=rd (Conclusion)

TQM Tools chemical 3% process industries # quality improvement, customer
satisfaction 3R operational efficiency se™ & foe 3wt 2

Benchmarking, QFD 3t Taguchi methods product 3 process design # #a & 2
TPM st FMEA maintenance 3 failure prevention & wecquf sifirrr fvm 2

Quality Assurance in a Chemical Industry

(T 3SANT A IOTaAT IMRATHA)

1. Quality Assurance (QA) T qR=a

CITE LR

Quality Assurance (QA) dg JUTTIT %, ST ﬁﬁf?ﬂﬁ Fdr % & 3curg 3y wfRaTe
e poraer AR F HTET 8l

qET 32T

1. Raw materials & &Y finished products deh consistent quality !;ﬁ‘f?ﬂ?f C2GI
2. Defective products 3R process deviations 3T JIehedT

3.

4. Customer satisfaction 3 reliability SIGI=IT

Regulatory 31X safety compliance ﬁﬁﬁ?ﬁl’ AT

2. Concept of Quality Assurance

QA #T Hor f=mt:

Quality T process # built-in FIT, 5T [F Fadl final inspection



Prevention-based approach: Defects @1 Iehell, Detection aTgT

Continuous monitoring 31X improvement

3. Elements of Quality Assurance (QA)

Chemical Industry & QA & 9HY dcd:

N

S kW

Organization & Responsibilities: QA department &T structure 31X defined roles

Documentation & SOPs: Standard Operating Procedures, Batch records, Process
manuals

Raw Material Control: Material specification, supplier quality checks
In-process Control: Continuous monitoring during production

Finished Product Testing: Chemical, physical, microbial analysis

Calibration & Maintenance of Equipment: Reliable instruments 31X periodic

calibration
Training & Competence: Staff trained in QA principles

8. Audits & Reviews: Internal 3{¥ external QA audits

4. Outlines of QA in Chemical Industries

Raw Material Inspection: Purity, moisture content, specification compliance
Process Monitoring: Temperature, pressure, flow rate, pH control

In-process Sampling & Testing: Quality check at different stages

Final Product Analysis: Conformance with regulatory and customer specifications
Documentation: Batch records, deviation reports, corrective actions

Preventive & Corrective Action: Process optimization 3R defect elimination

S. Flow Sheet Preparations

Definition:

Flow sheet Ueh graphical representation g, ToI9# chemical process & step-by-step
operations TG@TT T &l

Importance in QA:

Process understanding 3R monitoring

Critical control points (CCP) 9gdTeloIT



o Standardization 31X documentation 37THTeT

Example:

e Raw material — Reactor — Separation — Purification — Drying — Packaging —
QA testing — Finished product

6. Principles of Process Selection and Unit Operation

Process Selection Principles:

Yield 31X efficiency maximize &=
Raw material availability 3R cost
Environmental 31 safety considerations

Equipment availability 3R compatibility

A o e

Energy consumption 31X sustainability
Unit Operation Principles:

e Unit operations ST distillation, filtration, crystallization, drying <hT proper
selection 31X design

« Each operation must maintain product quality 31 minimize waste

Quality Audit

(o JET e

1. Quality Audit T IR=T
gismT:

Quality Audit T&h systematic IfhaT g, foraeh CART Jg ST SraT g o 3cureer 3 gfame
fruiRa soraar As & AR a9 W § AT 1

ELADF
e Process 3R 3cUTe T IOTEHT T YIS AT
e Deviations 3T Irafa=t &1 UgaTeT =T

o JUR & IUT AT



) Regulatory}ﬂT internal standards 3T ﬂﬁf?ﬂ?—r hIT

2. Preparation of Audit

Audit Y& FA T gl IRT:
1. Audit® 32T 3R scope I dF FHTAT
2. Documents 3R Rel§H &I T RN &
3. Audit team 3R fSFaeIRAT #r AuRoT
4. Process 3R areas &T preliminary review sl

5. Required checklists 3i¥ tools AR FHIAT

3. Conducting Audit
Audit & G
1. Site visit 3K process observation
2. Documents 3R records &7 fadreToT
3. FHAIRAT ¥ STdda 3R process understanding
4. Non-conformities 3R deviations &I note HIAT

5. Standard operating procedures (SOPs) kicy guidelines <hl YTelel SATRIAT

4. Audit Analysis

Audit & 3T 3R Alcd & fageyor:
e Observations 3{IT deviations T categorization
. Major3-ﬁT minor issues &T T8R0T

e Process improvement 31T corrective actions T ggaTel

e Root cause analysis

5. Audit Report

Audit Report & QI



1. Auditscope3~ﬁT objective
2. Observations 3{IT deviations

3. Recommendations 31T corrective actions

4. Compliance status

5. Follow-up action plan

6. Audit Follow-up

e Corrective actions I implementation 3T H\Fﬂ'lﬂn_crf
e Re-audit S IISTAT FeATAT
e Continuous improvementﬁﬁﬁﬂﬁ hAT

e Documentation 3iR records update Il

7. Premises (FYTeT 3T AIT=)
3EANT FIS A € & A A1
1. Location (¥YTeT): Proper ventilation, contamination free area
2. Design & Plant Layout (338 3iX sgaa):
o Material 3iR personnel flow clearly defined
o Critical areas segregated
3. Construction & Maintenance (fa&ToT 3k {@-{gM):
o Sterilized 31X clean areas maintain @elT
o Floors, walls, ceilings smooth kicy easy to clean
4. Control of Contamination (q¥UT ﬁl’ti'al'UT):
o Airfiltration, clean rooms, controlled access

o Regular cleaning 3R sanitization

8. Quality Assurance through Automation

Automation & QAIﬁf Hcc:



e Process monitoring continuous 3R accurate gIdT %’

Human error shdH ?ﬂFIT %’

Data recording}ﬁT analysis 3THTeT Il g

Real-time control 31X deviation detection T¥d %’

EAMLUIH
e Automated sensors temperature, pH 3R pressure monitor &I %"

e PLC/SCADA system process parameters @I control i &

Accreditation of QC Laboratories: Tools and Mechanisms

(QC TIRTATAT3T FT HATTIAT JOITelY)
g

Accreditation a8 9fshaT g, for@® canrT I gﬁf%ﬁ fpar SITar & 6 QC laboratory
international IT national standards & agw qdreor X 3IUTH'HT IGEEMEETY Ti?f %I

Tools 3R Mechanisms:
1. Standard Operating Procedures (SOPs) — T UTshaT3TT T gEATdSiTRIOT
2. Internal Audits — IR AdeTor 3K gfshar $r Tt
3. Calibration & Validation — Instruments 3ii¥ analytical methods &r g’f@."
4. Proficiency Testing — External agencies €dRT laboratory Fr &7Hdar ST

5. Documentation & Records — Test reports, batch records 3R deviation reports

e Reliable 3i¥ accurate test results

o Regulatory3—ﬁT customer compliance

¢ International acceptance

Quality Management System (QMS)
(F[OTEAT YT JOTTlY)

1. Quality Management Concepts and Principles



e Quality is responsibility of entire organization

¢ Customer focus iR continuous improvement qHE ﬁl?:\’fﬂ?-r

e Prevention-oriented rather than detection-oriented
Principles:

1. Customer focus

2. Leadership commitment

3. Process approach

4. Continual improvement

5. Evidence-based decision making

6. Relationship management with suppliers

2.1S0 9001:2000 QMS
giRsmT:

ISO 9001:2000 T international standard &, ST Quality Management System (QMS) & farw
requirements F T gl
Benefits of ISO Registration:

e International acceptance

e Process standardization

e Customer satisfaction

e Defect reduction 3T efficiency improvement

1SO 9000 Series of Standards:
e |SO 9000 — Concepts IR principles of quality management

e ISO 9001 — Requirements for QMS

e 1ISO 9004 — Guidelines for performance improvement

e Sector-specific standards — Pharmaceuticals, Chemicals, Food
ISO Requirements:

e Documented QMS

e Defined responsibilities

e Process control

e Corrective & preventive actions (CAPA)



e Internal audits
Implementation Steps:
1. Management commitment
2. Gap analysis & process documentation
3. Staff training
4. Internal audit
5. Corrective actions
6. Registration by certifying agency
Case Studies:

e Chemical industries & 1SO 9001:2000 adoption ¥ process efficiency, defect reduction 3R
regulatory compliance " HQ‘EIII 'g"B-ITI

3. International Conference Harmonisation (ICH) Guidelines

gfsimsT:

ICH Guidelines q?m‘rz—'qj%w 3¢l # drug substances 3k products T quality, safety ik
efﬁcacy'{lgﬁﬁﬂ?f FT & oI harmonized standards W&l &dT gl

HAET Guidelines:
1. Quality Guidelines (Q series):
o Q1: Stability testing
o Q2:Validation of analytical procedures
o Q3:Impurities
o Q7: Good Manufacturing Practice (GMP) for active pharmaceutical ingredients
2. Safety Guidelines (S series)
3. Efficacy Guidelines (E series)

4. Multidisciplinary Guidelines (M series)

e Global harmonization
e Regulatory approval 3THTeT

e Consistency in drug quality

Environmental Management System (EMS)



(TATEROT Y YOTTell)

1. Environmental Management &l aR=r
s

Environmental Management dg I %, ST ﬁﬁ'ﬁﬂ?—f FIAr % %W F gt F17 ggEr
Holhel HF ¥ fFr Fv 3-ﬁTpoIIution control, resource conservation 3T sustainability
SGIEEC I

ELCADH
o TATRONT YHTT (Environmental Impact) T e HLAT
e Waste 3iR emissions &r fag=or
e Legal 3R regulatory compliance
e Resource efficiency dgll

e Sustainable development ﬁﬁﬁﬂﬁ hIAT

2. Environmental Management Concepts
° Industry@f Ffafafear gATaRoT W 38T ST Hehdl %.L (air, water, soil, noise)

e Continuous monitoring IR improvement ﬂ%ﬁ'qy‘f ?‘
e Pollution prevention over pollution control

e Stakeholder involvement: Employees, community, regulators

3. Principles of ISO 14001 Series of Standards
e International standard for Environmental Management System (EMS)

e Focus: Environmental protection, legal compliance, continual improvement
e g
1. Environmental policy define &hiaT

2. Planning — Environmental aspects3-ﬁT impacts bl H\FCI'IT:F-I'

3. Implementation — Operational control, training, communication

4. Checking & Corrective action — Monitoring, measurement, internal audits



5. Management review — Continual improvement IR compliance

6. Legal & regulatory compliance

4. Requirements of 1SO 14001
1. Environmental Policy: Organization T environmental commitment

2. Planning: Environmental aspects, impacts3—ﬁT objectives TRA T

3. Implementation & Operation:
o Roles and responsibilities

o Training and awareness
o Documentation 31T operational control

4. Checking & Corrective Action:

o Monitoring & measurement of environmental performance

o Non-conformance handling 3R corrective actions
o Internal audits

5. Management Review: Top management gdRT performance evaluation 3R improvement

planning

5. Benefits of EMS (I1SO 14001)

1. Compliance with environmental laws 3R regulations

2. Reduced environmental impact IR pollution

3. Cost reduction through resource conservation 3iR waste minimization
4. Improved corporate image 3R stakeholder confidence

5. Continual improvement 3iX sustainable operations

6. Competitive advantage in global markets

6. Case Studies on ISO 14001 in Chemical Industries
1. BASF India:

o Wastewater treatment, energy efficiency, emission control



o IS0 14001 certification & TG, process optimization 3R environmental compliance
2. Reliance Industries:

o Hazardous waste management 31 emission reduction

o ISO 14001 implementation a legal compliance IR community safety '\gﬁﬁﬂﬂ' §é’

3. CIPLA:

o Resource optimization, safe chemical handling

o 1SO 14001 certification & pollution control 3R sustainable manufacturing

enhanced

Industrial Standards and Control

eafrs A 3t A=)

1. Industrial Standards &T IR=T
g

Industrial standards 08 freiRa e 3ilx specifications %‘;,Gﬁ 3c4lq, gfehar ar dar v
T[T, & 3R freagwaaar giafRad #a 8|

ELCAD
e Products 3R processes uniformityﬂﬁﬁﬂﬁ AT
e Consumer safety3-ﬁ'\" reliability SGT=T
o Domestic 3iX international trade & foIT standardization

e Regulatory compliance ﬁﬁ%ﬁ' EXGI

2. Government Standards in India

2.1 Agmark

. "fﬁ' 3R agﬁra?crm’rasﬁtr standard

o Quality3—ﬁT purity certify sh{drl g
e Applicable for: Food products like oils, pulses, spices, milk

2.2 Bureau of Indian Standards (BIS)



e National Standards Body of India
e ISI mark (Indian Standards Institute mark) 9&Tel ST &

e Ensures: Quality, safety, reliability of industrial and consumer products

2.3 Hallmark

e Precious metals SI& HIAT 3R AT Hr purity @& certify ST g

e Legal requirement for sale of jewellery

2.4 Indian Standards Index (ISI)

o BISSART UGl [T I1AT certification mark

e Products comply #d & Indian Standards & T
2.5 Central Drugs Standard Control Organization (CDSCO)
e Indiadr drugs regulatory authority

e Drug manufacturing, import, clinical trials 3R quality control regulate sh{dr g

2.6 Indian Pharmacopoeia (IP)
e Official publication for drugs in India
e Defines: Drug identity, purity, strength, packaging, storage
e Used by: Pharmaceutical industry and QC labs

2.7 British Pharmacopoeia (BP)
e UKSPT official standard for drugs

e International reference for quality of pharmaceuticals

2.8 US Pharmacopoeia (USP)
e United States &hT official pharmacopeia

e Provides standards for drugs, excipients, dietary supplements

e Widely used internationally in manufacturing and testing

3. 357 3 Agea
e Product quality 3R consumer safety ﬁﬁﬁﬂﬂ' AT
e Regulatory compliance 3R export-import facilitation

e Industry # uniformity, reliability 3R international acceptance



e QClaboratories & ToIT reference standards provide &aT

International and National Standards & Regulatory Bodies

BaRTAT IR T AEF vd AIHEF qEUW)

1. International Organization for Standardization (1SO)

e |SO Udh international standard setting body %’I

e Provides standards for quality, safety, environment, information security, energy

management 3T |

e Example: ISO 9001 (Quality Management System), ISO 14001 (Environmental Management
System), ISO 45001 (Occupational Health & Safety)

o 3Ga?Y: Global standardization 3T international trade facilitation

2. British Standard for Occupational Health and Safety Management Systems (BS OHSAS)
o  Workplace safety 3R health management & [oIT standard

e Focus: Risk assessment, hazard control, employee safety

e Adopted by organizations for safe and healthy working environment

3. Occupational Safety & Health Administration (OSHA)
o USH TTHRT Toidl EITworkaace safety3ﬁT health regulations implement T %I

e Objective: Reduce accidents, injuries, and occupational diseases

e Provides: Safety standards, training, compliance guidelines

4. US Food and Drug Administration (USFDA)

e United States &bl regulatory authority
e Regulates: Drugs, food, cosmetics, medical devices
e Ensures: Safety, efficacy, quality of products

e Provides: Guidelines for manufacturing, testing, labeling, clinical trials

5. International Conference on Harmonisation (ICH) Guidelines



e Pharmaceutical industry & foIT international standardization

e Focus: Drug quality, safety iR efficacy

e Guidelines cover: Quality (Q series), Safety (S series), Efficacy (E series), Multidisciplinary (M
series)

6. Fruit Products Order (FPO)
o HRA H fruit and vegetable based processed products & ToIT legal standard

e Ensures: Quality, safety, packaging, labeling

e Applicable for: Jam, jelly, squash, sauce, pickles

7. Food and Agriculture Organization (FAO)
e UN organization focused on food security, nutrition, agriculture

e Provides: Guidelines for food quality, safety, agricultural practices

8. Food Safety and Standards Authority of India (FSSAI)
e Indian regulatory authority for food safety, hygiene, labeling
e Objective: Protect public health, ensure safe and wholesome food

e Provides: Food standards, licensing, inspection, enforcement

9. Scale-Up and Post Approval Change (SUPAC)
e USFDA guideline for pharmaceutical manufacturing
e Focus: Changes in formulation, process, equipment after product approval

e Ensures: Product quality consistency and regulatory compliance during scale-up or post-
approval modifications

R&D and Technology Transfer
@ErraeTe va e 3R vl gxarawon)

1. Role of Research & Development (R&D)



o R&D f&&T 8T 3T T innovation 3T improvement center g1
. AET 3T:

S 3cure 3R ufhar fAefaa Fer

Process optimization 31 yield improvement

Raw material utilization 3 waste reduction

Quality 3R safety AR =

Competitive advantage 31 market expansion

A e

2. Functional Structure of R&D

e Organizational structure:
1. Basic Research Unit — U concepts 3R materials T @reT

. Applied Research Unit — Laboratory scale studies 31X feasibility

2
3. Process Development Unit — Pilot plant testing, process optimization
4. Product Development & Formulation Unit — Final product design, stability

3R testing

R&D T FRIVOTEN:

o Idea generation — Laboratory study — Pilot scale — Scale-up — Manufacturing
integration

3. Unit Research Strategies and Manufacturing Interface

e R&D T focus process efficiency k' ing quality improvement 9 gIdT &
« Manufacturing interface # integration:

o Process reproducibility check shIaT

o Raw material 3iR energy requirements analyze =T

o Safety 3R environmental compliance Qflj?-lﬁil?f LGOI
« Objective: Lab results ST manufacturing scale 9 implement AT

4. Laboratory-Industry Interface

« Laboratory & industry e knowledge sk technology transfer I UfghaT



Mechanisms:

. Pilot plant trials

2. Standard operating procedures (SOPs) transfer
3. Training of operators and engineers
4

—_

. Process validation 31X quality control guidelines

S. Technology Transfer

Definition: New technology IT process I laboratory/pilot scale & commercial

manufacturing scale X ofTd] hAT|

Purpose:
1. Process reproducibility
. Product quality maintenance

2
3. Safety 3iX regulatory compliance
4. Economic viability

6. Pilot Plant Operation and Scale Up

Purpose:
o Laboratory studies T realistic industrial scale I validate T

o Process parameters, yield, quality 3{X safety check &=
Planning & Design:
o Equipment selection 3iX process layout

o Material handling, safety devices, environmental control
Operation:
o Process parameters monitoring

o Sampling 3iR in-process testing

o Data collection for optimization
Analysis of Results:
o Yield, purity, energy consumption, cost analysis

o Process bottlenecks 3iX optimization areas identify eIl
Assessment of Flexibility:
o Design &I flexibility check =T

o Safety 3R economic aspects Pl consider T
o Future scale-up IT process modifications accommodate @al T &THAT



7. fs&Y (Conclusion)

« R&D 3R Technology Transfer chemical 3R pharmaceutical industries
innovation, process optimization 31X product quality ﬁﬁﬁﬂﬁ T 2l

« Laboratory-industry interface 3{IX pilot plant operation & commercial scale
production # safety, cost-effectiveness 3R reproducibility maintain gidr %I

e Proper planning, design 3R process analysis ¥ flexibility 3R economic feasibility

ghATRa gl gl
Intellectual Property Rights (IPR)
@lefaF Fuer FfUFR)

1. Introduction to Intellectual Property

o  9RHTET: Intellectual Property (IP) 98 3f8&R g ETH@W # TeATcAS T,
IfAsHR 3R innovation &1 qrat A g

o Historical Perspective: IP T concept‘fl}'lﬁ AT H gl %; Y &7 T 1947
R 20T @ A HigATNs [dehrd & ATY formal rights ST I7TY

« Economic Importance: Innovation, creativity 3R business growth & foIT ST&T;

R 3T o1 T g H Qe |

e Need & Importance:
o Innovation T qLa

o 3f¥e ey FlARYd e
o Waﬁmﬁmmisusem

Factors Affecting IP Protection:

e Technology changes
e Legal framework
¢ Enforcement mechanism
e Public awareness

2. Types of Intellectual Property



Patents

Trademarks

Copyrights

Geographical Indications
(GD)

Industrial Designs

Trade Secrets

3. Copyrights

fazor

AU AShHRT 6T FR&T, exclusive rights, limited time (20
a9)

Products AT services T Tgdld & ToT Koy, logo,
symbol

Literary, artistic, musical works $r HE’T&:IT

Products T TaAYAT T & AT (S Darjeeling
Tea)

Product & unique design 3 aesthetic features

Confidential business information, formulas, processes,
strategies

o Introduction: Literary, artistic, musical 3 software works T LRl

« How to obtain: Application submit &=, copyright certificate fHel=T|

« Difference from Patents: Patents invention & foIT g1 §, copyrights original

expression & foIT|

4. Trade Marks

o Introduction: Product IT service T TgdTeT 3R brand protection|

« How to obtain: Trademark registry # application submit a1T|

e Types of Marks:

o O O O

Collective marks
Certification marks
Service marks
Trade names

o Difference from Designs: Trademark product identity g, Design product appearance|

5. Patents

« Introduction: &% invention T legal protection GaTT |

o Basic & Associated Rights: Exclusive right to make, use, sell invention |



e  WIPO & PCT System: International patent filing 3R protection facilitate It gl
« Traditional Knowledge: Local knowledge @l patent & Tg&d qIai|

o Patents & Healthcare: Innovation promote h{alT 3R public health balance ShIsT|
« How to apply: Patent office H specification 3{X claims submit =T

« Software Patents: India # software innovation 3T qILa|

6. Geographical Indications (GI)

« Definition: Specific region # & products & ToIT protection |
¢ Rules: Registration process, proof of origin, quality link|
o Importance: Economic value, cultural heritage, global recognition |

o Prevention: Illegal use 3R misbranding & ST

7. Industrial Designs

o Definition: Product T unique shape, pattern IT ornamentation |
« How to obtain: Industrial Design Registry # registration |
o Features: Novelty, originality, aesthetic appeal |

o International registration: WIPO + Hague system & dgd |

8. Trade Secrets

 Introduction & History: Confidential business knowledge I H&TT|
e Scope of Protection: Formulas, processes, marketing strategies, client lists |

o Risks & Legal Aspects: Unauthorized disclosure, employee misuse, litigation |

9. Y (Conclusion)

o IPR innovation, creativity 3R business growth & foIw HE'C_CIH:U‘I' gl



o Patents, Trademarks, Copyrights, GI, Industrial Designs 3R Trade Secrets fafde=T
gk FT intellectual property T qIam X gl
e India# IPR legal framework 3 international treaties & ded regulate 'élal %I

Conceptual Knowledge of Different
International Agreements and their
Relevance

GARSAT gAEtd 3R 35w Ageq)

1. World Trade Organization (WTOQO)

o  9RHTET: WTO (’?F'm HIST & ST global trade 3T regulate 3R facilitate
ERG I

« Objective: Trade barriers 3! & &I, fair trade promote T, R dispute
resolution Sh{=AT|

1.1 General Agreement on Tariffs & Trade (GATT)

e WTO T ITYRY
o Tariffs 31X trade barriers & FIeT &7 agreement
« Objective: International trade T liberalize =T 3R trade disputes reduce T

1.2 Trade Related Intellectual Property Rights (TRIPS) Agreement

o Intellectual property (IP) protection & folT WTO framework
« Ensures: Patents, Trademarks, Copyrights &I international protection

« Relevance: India & pharmaceutical 3R chemical industries & IP protection 3R
export facilitation

1.3 General Agreement on Trade in Services (GATS)

e Services trade oI international regulation
e Includes: Banking, insurance, IT, consulting services
« Relevance: Indian service sector 3R R&D exports H HGG



1.4 Madrid Protocol

International trademark registration system

Single application & multiple countries H protection possible

Relevance: Indian brands 3R products T global recognition

1.5 Berne Convention

Copyrights &I international protection

Automatic protection of literary, artistic works in member countries
Relevance: Publishing, software, media industries

1.6 Budapest Treaty

International recognition of microorganism deposits for patent purposes
Relevance: Biotechnology, pharmaceuticals, industrial microbiology

1.7 Trade Related Investment Measures (TRIMs)

Investment-related trade rules under WTO
Ensures: Restrictions on foreign investment not discriminatory

Relevance: Multinational companies & India & operations & foIT

1.8 Paris Convention

Industrial property (patents, trademarks, industrial designs) T international
protection

Priority date protection: First filing country T benefit

Relevance: Indian inventors 31 innovators & foIT international protection

2. Relevance of International Agreements to India

A e

Export-import regulation 3THTsT

Intellectual property 3R industrial rights 3T qIam

Technology transfer 3R FDI promotion

Global market access 3R competitiveness SGT=IT

Pharmaceutical, chemical 3i¥ biotech sectors  international compliance ﬁ'ﬁﬁﬂﬁ
T



Intellectual Property Infringement,
Enforcement and Indian Context

@ Fuer 3edud, AN I aTd FEA AR HRA
# IP FToe)

1. Concept of IP Infringement

o QRN Intellectual Property T unauthorized use AT copying, S patent,

copyright, trademark, industrial design 9T trade secret T Sodd|

o Examples:

Counterfeit products

Software piracy

Unauthorized production or sale of patented drugs
Trademark imitation

o O O O

2. Enforcement Mechanism

2.1 Role of Judiciary

o [P disputes shT resolution shIelT

« Injunction 31X damages &T TG ST

« Patent, Trademark, Copyright 3R Trade Secret violations & legal remedy 9&TeT
T

2.2 Role of Law Enforcement Agencies

« Police: Counterfeit 3{¥ piracy cases investigate ST
e Customs: Imported goods T IP compliance check sh3=T

« Other agencies: Industry regulators 3{¥ enforcement bodies IP compliance monitor

R

3. Economic Value of Intellectual Property



« IP as Intangible Asset: Intellectual Property tangible sTal glal, elfchel SHoh

economic benefits ?I?f %I
¢ Valuation:

o Market approach: IP &I market potential estimate ST

o Income approach: Future earnings & 3TYIR 9T value
o Cost approach: Development cost basis

Importance:

« Licensing, mergers, and acquisitions # IP &T valuation crucial &

o Financial statements ¥ intangible asset & &I & include HIAT

4. Intellectual Property in the Indian Context

4.1 Various Laws in India

The Patents Act, 1970 (Amended 2005) — Patents bl protection

The Trade Marks Act, 1999 — Trademarks 3R service marks

The Copyright Act, 1957 — Literary, artistic works

The Geographical Indications of Goods (Registration & Protection) Act, 1999
The Designs Act, 2000 — Industrial Designs

The Semiconductor Integrated Circuits Layout-Design Act, 2000

Sk =

4.2 Licensing and Technology Transfer

e IP T commercialization 3R industrial use possible SITT
o Licensing agreements: Use of IP by others against royalty/payment
e Technology transfer: Lab IT research innovation & manufacturing T transfer

5. Key Takeaways

1. 1P infringement & industries 3R economy T oJhHlel

2. Judiciary 3iR enforcement agencies IP T qIam H HEF:N;U‘T Sﬁﬁﬂ fema €

3. IP@T economic value intangible asset & ®9 H industries & TIT significant &

4. India® &% IP laws &, ST licensing, technology transfer 3R commercial
exploitation @I regulate HI &
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