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2N H Practicalities SUPPLY CHAIN INITIATIVE

=  FHLIEEE Please mute your cell phones

= K ASER Lunch and breaks

= A% Timings — please look at the agenda
»  XIHE Feedback survey

AU Safety briefing
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ANTI-TRUST STATEMENT

While some activities among competitors are both legal and beneficial to the industry, group
activities of competitors are inherently suspect under the antitrust/anti-competition laws of
the US, UK and other countries in which our companies do business. Agreements between
or among competitors need not be formal to raise questions under antitrust laws, but may
include any kind of understanding, formal or informal, secretive or public, under which each
of the participants can reasonably expect that another will follow a particular course of action
or conduct. Each of the participants in this meeting is responsible for seeing that topics
which may give an appearance of an agreement that would violate the antitrust laws are

not discussed. It is the responsibility of each participant in the first instance to avoid raising
improper subjects for discussion, such as those identified below.

Itis the sole purpose of this meeting to provide a forum for expression of various points of
view on topics described in the agenda and participants should adhere to that agenda. Undel
no circumstances shall this meeting be used as a means for competing companies to reach
any understanding, expressed or implied, which tends to restrict competition, or in any way tc
impair the ability of members to exercise independent business judgment regarding matters
affecting competition.
Topics of discussion that should be specifically avoided are:

I, Price fixing:

ii.  Product discounts, rebates, pricing policies, levels of production or sales and marketing

terms customer and territorial allocation;

iii. Standards setting (when its purpose is to limit the availability and selection of products,
limit competition, restrict entry into an industry, inhibit innovation or inhibit the ability of
competitors to compete);

iv.  Codes of ethics administered in a way that could inhibit or restrict competition;

v.  Group boycotts;

vi. Validity of patents;

vii. On-going litigation;

viii. Specific R&D, sales or marketing activities or plans, or confidential product, product
development, production or testing strategies or other proprietary knowledge or information
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Fire Protection JH [

Presented by

Dr. Daniel Rehm

HSE Consultant Elanco External Manufacturing EMEA & API
tHDaniel Rehm f# £ >k & i

HSEm ], #LK3h % 0r 48 3 ) &, BRI . 3R 9 AT b 2R & J5URE 24

° @PSClnitiative #PSCIChina 18
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Fire statistics ‘K ‘K 41t SUPPLY CHAIN INITIATIVE

345 118117 fires were reported during 2015 in the U S

» +3.1% from

_________________ _2!'!{‘_____4_-___"_5.3_“_1_7_'!‘9'_"_'____
3280 ivlan fire i '
deaths, and SM 3“?:#':3:' y ; department
15,700 civilian fire E damage | p—_g i3

injuries | ey oo
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Passive fire protection # 2/ [ K $8 it

o @PSClInitiative #PSCIChina 18 9




SRIEITIE PR 2850 PSC| reamnceumen
SUPPLY CHAIN INITIATIVE

Example: Torch in Dubai
el WF ORI KK

"
I

10
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Passive fire protection # 3l 5 -k i it PSC' PHARMACEUTICAL

Fire walls [ ‘K55 SUPPLY CHAIN INITIATIVE

=  Fire walls are barriers to keep fire limited to one area
w7 KRR KR R AR AE A X B

= Afire wall should offer at least 2 h of fire resistance

P KIERIZA 024 /NI R ) T

= Look for openings!!!

= FHIFO L \
7

Fire Wall

Fire Barrier Wall
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Passive fire protection #% 3/ By Kk ¥ Jita PSC' PHARMACEUTICAL

Fire doors B k1] SUPPLY CHAIN INITIATIVE

= Afire door should offer at least 1 h of fire resistance
» B KTTROZA 2D 1A/ TR K TA]

=  Reliability is about 80%! Monthly testing required!

= AEEPER KZI80% ! TFEE A A
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Fire Detection ‘K R M| PSC' PHARMACEUTICAL

Types of fire detectors J(TQT%MU%%E‘J%%@ SUPPLY CHAIN INITIATIVE

*  Humans! \!

= Smoke detectors EAEAR N 2%
*  Heat detectors JEIR IR 2%

= Beam detectors H RN 25

Fire growth curve
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Smoke detector JEH IR | 2 SUPPLY CHAIN INITIATIVE

» Different types are on the market 137 A AN[F Fp 2

= New types can be adjusted to environment to achieve specific sensitivity 1 2 EAR R 25
AT DA 4 PR B 47 1 8 Rk 2R o i R L

» Correct installation is crucial: (always) on the highest point to detect smoke early 1Efff 7734
e oREE: KRB () FEf s A 2R E
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Heat detector &5 ¥R ) 2 SUPPLY CHAIN INITIATIVE

= Correct installation is crucial 1Efff 2238 JE 5 JC gk
= Alternative: heat sensitive cameras it & /X: HEHERZNL
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Fire detection ‘K &Ml
Beam detector/Linear detector PS C | PHARMACEUTICAL
o 7 45 ) B 7 2 M ) B SUPPLY CHAIN INITIATIVE

= Use in large area warehouses and workshops H T KA X35k, G FERIZE[H]
*  Very sensitive 3F 5 UK
»  Correct installation height: at 90% of room height IEAfi 2235 = B 15 55 18] /51 B2 90% AL B

Optional Distance 3-5'(1-1.5m) Mounting
Locating h_1odu\e_ Strain Relief R Strain Relief ——
Displays Distance in #/ Connector 15'(4.6m) when using e “
Both Feet and Meters d 4 Guidewire &
.Y
e L] ]
41 N
/ Screw Terminal i
L junction Bax EL M
N g Heat generated by a fire causes thermal End of Line
\___ Leather Wires sensitive palymers to break down which Resistar
Min. 18 AWG allows the internal conductars to make
Ta Fire Alam Max_ 800 (2.4km) cantact signaling an alarm
Control Panel
or module
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Fire detection ‘K KRN
Warehouses with APIs/Pharmaceuticals PSC'

T J5URE 2 /4 ) &

= Highly sensitive smoke detection systems =8B BRI 2 4t

Fire growth cune

PHARMACEUTICAL
SUPPLY CHAIN INITIATIVE

o o ]
» Alternatives f}! 'm
— Early detection fast response sprinklers 534G {3 mp 97 155 2k

— Low Oxygen (13 -15% 0,) systems flt’A ( 13-15%0,) A%
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Fire fighting 75 B SUPPLY CHAIN INITIATIVE
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Fire Extinguishers ‘K ‘k 2% PSC' PHARMACEUTICAL
Spot the hazard & 3 X [

SUPPLY CHAIN INITIATIVE
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Fire Extinguishers ‘K ‘k 2% PSC' PHARMACEUTICAL

Key points <& i SUPPLY CHAIN INITIATIVE

=  Are the employees are trained to use fire extinguishers?

= RITABEAEBEIRAE R K K ?

= Are fire extinguishers of the appropriate type?

= RGNS ?

=  Ensure appropriate inspections have taken place in a timely fashion per
frequency determined for the facility?

» BT HEMRE, e &I HET K KSR R A ?

= Ensure fire extinguishers, hose reels, etc. are not blocked / obstructed, etc.
Directional arrows, signs should be displayed where equipment is hidden
from directional view

= BRORKKER . T KRR A /P ZE . B PSR T 1) ) X dek,
A7 FER SR bR E RO ER K.
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Fire Extinguishers K ‘K 2% PSC' PHARMACEUTICAL
Types of extinguishers K ‘K 2% [#] 25 7Y SUPPLY CHAIN INTTIATIVE

Fire class | Geometric symbol Pictogram Intended use Mnemonic

Ordinary solid combustibles A for "Ash"

Flammable liquids and gases | B for "Barrel”

Energized electrical equipment | C for "Current”

Combustible metals D for "Dynamite”

Qils and fats K for "Kitchen"
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Fire Extinguishers ‘K ‘k 2% PSC' PHARMACEUTICAL

Standards #x SUPPLY CHAIN INITIATIVE

= NPFA 10: Standard for portable fire extinguishers
= NFPA CEHEPF A2 10: FHRAKKEARME
= Every country has its own rules concerning: amount, size and types of portable extinguishers

- GAEEAEE ORI R KO NRITFH K AR R
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Systems Witk R 4t SUPPLY CHAIN INITIATIVE

= Complex systems with many parts (pumps, valves, headers, heads etc.)
» HRZEFWMHNERRG GE. BT, HRKEE Bk
*  Typical systems: B 1] & 4¢

— Drysystem T-ZLRSE

—  Wet system iz L R 4t

—  Foam systems JHJK &40

— Deluge system Mtk R 4;
= Standards: FrifE

— NFPA 13 (USE[H)

— CEA 4001 & EN 12845 (Europe®kiM)
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Sprinkler Mk

Why sprinklers fail to operate PSC | PHARMACEUTICAL
N AW R SR BT ? SUPPLY CHAIN INITIATIVE

In 2007-2011 fires large enough to activate them, sprinklers operated in 91% of fires in
sprinklered properties. The graph below is based on the other 9% in which sprinklers should
have operated but did not.

Reasons When Sprinklers Fail to Operate, 2007-2011

System shut off before fire 64%

Manual intervention defeated system

Damaged component 7%
Lack of maintenance 6%
Inappropriate system for fire 5%

0% 10% 20% 30% 40% 50% 60% 70%
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What to look for & E ¥ &M 4 SUPPLY CHAIN INITIATIVE

SEPT
19-20

Correct system? R4t/ 3 IEHf
—  Foam system for flammable liquids? / Alcohol resistant foam needed? 1% 5 WA AL 210 0K R 81 /02 5 5 B PLis
PEILE?
—  Automatic or manual? (sprinkler or deluge system?) H okl E F5) (WS & RK RS ? )
— In-rack sprinkler (every 2.5 m in high rack storage) 52 4% Py etk (512 02 426 A7 I 42 R B3 2.5 K AT L 4O
Regular testing and Maintenance by qualified 3" party 7 245 5% Jii 1 5 = J7 k& 52 B R0 4 3
—  Flow test: 1/a, valve check 1/month/ visual check 1/week &= MR: 1IK/4E, WM. 1k/H, HOKE: 1
/)4
Protection against freezing? Bii% {4
—  Anti-freeze can lead to leakage during summer [95 4 5 Jiti /£ 5 Z= 1] it <= S FUtt
Closed valves at foam tanks and headers! 6y i A1 A /K e 55 2 P 1 18] 1]
Design documentation % 344
—  Correct occupancy £#F & B0iiti (&)
Fire load below sprinklers Btk N ) Jk o A
— <1.8 m wooden pallets <1.8 K ARFLH:
— < 2.5 m empty plastic container <2.5K ) 75 ¥R} 75 4%
— <2 1BCs with flammable liquids <21~ 2 BALAAR [J1BCs
MOC! A5 B 5
—  Change of sprinkler design in case of change in occupancy #1IR- it (i) A4k, Wit E AR 5

PSCI SUPPLIER CONFERENCE o @PSClInitiative #PSCIChina 18 25



Sprinkler Mgk P S C | PHARMACEUTICAL
Other systems & 2% ) & % SUPPLY CHAIN INITIATIVE

=  Powder K
= Water mist /K%

* Light and heavy foam ZEFIE R K

=  Systems with only limited applications and questionabl 3N Y FE A TR

fill,  (FEAEAEOR) ARz HIX LMk R 4t
*  Foam systems for flammable storage H| T 7 ¥k (RAA) 1EAEIEIE R G
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Sprinkler Mgk PSCI PHARMACEUTICAL
What does not work H 4 55 KA IF % T /E SUPPLY CHAIN INITIATIVE

= Stacked IBCs with flammable/combustible liquids: max height 2 when foam is available

= BINIBCS N AT BN/ ATIRMUR : BRI AZ2)Z1BCs (BBD BITEOLN, BIRRGAS
RE IR LAE
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Sprinkler Mgk P S C | PHARMACEUTICAL
Warehouse protection & J& {4 SUPPLY CHAIN INITIATIVE

. Sprinkler protection in warehouses: G & P4 {58 {7
- Sprinkler protect buildings not stored goods
- WEAGRIEI, AR
- Water and smoke damage render goods unusable
- KA E S R AR E
- Loss for electronics and pharmaceuticals: 100%
- T GEE) FIZMEAE: 100%
. Maintaining small fire areas is crucial to limit loss of product

. AT R IR, Ffp MR KXRERER

_ Structural damage Damage to stored goods
RN SRR SRYBER

No sprinkler protection 100% 100%
ok R A

Sprinkler protection <10% 50 to 100%
MR DR

SEPT PSCI SUPPLIER CONFERENCE o @PSClnitiative #PSCIChina 18 28
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Sprinkler systems itk & 4t PSC' PHARMACEUTICAL

Standards #x SUPPLY CHAIN INITIATIVE

= NPFA 13: Standard for the Installation of Sprinkler Systems

= NFPA13: Witk R 402 hnifE

= CEA 4001

= NFPA 2001: Standard on Clean Agent Fire Extinguishing Systems (CO,, Foam, FM200 etc.)
= NFPA2001: JEIGEFIKKRGibrdE (AR, K. LHRARS)
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Fire brigade ¥H i bA PSC' PHARMACEUTICAL
What to look for & &M 4 SUPPLY CHAIN INITIATIVE

=  Site own fire brigade? Trained fire fighters on site? T.) H . HITHTN? T.) 2 HH %I
TH B 5

= Professional vs. voluntary fire brigade Vi w/££ B IR K B AT

*  Mutual aid available? & &4 Gl ?

=  Equipment (no of fire trucks etc.) % £ (JHBF ERIEUESE)

= Capabilities in fighting chemical fires $h KAk 2725 K K FfE

= Distance to site 5 L) HJEHE

* Intervention time (time from start to full fire = 10 minutes!) TS L (M FFIR B KK B
HIF [A]=1073 %4 ! D
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Water supply f7K P S C | PHARMACEUTICAL
Minimum requirements & { % sk SUPPLY CHAIN INITIATIVE

=  Water supply depends on occupancy fiE/KE T jite (FIiR)

*  Rules-of-thumb: 2567
— Office building: 1’200 L/Min for 90 Minutes: 108 m?3
— MG 1200 TH/oreh, £/907rh: 1083275 K
— Chemical plant: 3’000 L/Min for 90 Minutes: 270 m3
— R E: 3000 Ft/5rEl, 90538 27057 77K
— Warehouse: 3’000 L/Min for 120 Minutes: 360 m3
— @FE: 3000 Ft/5r8E, B/A12000%F: 36037 5K
— Refinery: 15’000 L/Min for 120 Minutes: 1’800 m3
— ki) 15°000 FR/4y R, F/b120%%P: 17800 77K
—  Site water supply: at least 300 m3 [.] ft/K: #/1>30037 75K
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Water supply f7K P S C | PHARMACEUTICAL
Water sources 7K SUPPLY CHAIN INITIATIVE

=  Recommendation: 4%
Reliable water source B FF)/K U5
— Independent from municipal supply 437 F 117 B it 7k
— When connected to municipal supply: a ring pipeline with 2 independent connections
- Y EWEHUKERER . —RNEEE EAWRMALE CEE) &8
=  Possible other sources: 7] B[] H: & /K&
— Rivers Ji[¥i
— Lakes #iVA
— Ponds b
*  Water supply situation of the whole area needs to be taken in account 77 B4 £ X 45 11

PR IEOLH REAEN
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Water supply f7K P S C | PHARMACEUTICAL
Hydrants Y8 ‘K 2 SUPPLY CHAIN INITIATIVE

. When connected to municipal supply: a ring pipeline with 2 independent connections 4
S BAGERZR . —IRMEEE LA PRSI CEIE) &R
. Test requirements: i 2R

- Flow test (m/s and p): 1/a I = MiR: 1IK/4E
- Use test: 1/m fEHIA: 1k/H
—  Visual inspection: 1/w HAUK 7. 17/
. What to look for: 7 EyE B A4
- Condition of hydrants ¥ Kt [K) 261
- Is the location marked? 1 B & 3 A { Z FR iR
- Is the number sufficient and are all hydrants accessi

- HERBLW, DRI KRR
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Water supply ft7K P S C | PHARMACEUTICAL
Free access to hydrants SUPPLY CHAIN INITIATIVE

TH KA AN 52 PR Al 1Y) 45 3 A
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Water supply f7K P S C | PHARMACEUTICAL
Water retention 7K [ 77 i SUPPLY CHAIN INITIATIVE

= Retention of contaminated fire water 3275 4% {178 By 7K A7

— Assumption: 2 h fire fighting fi0%:  2/NEFYE B 7K

— 400 m?3 of fire water + rain water! JHEG 7K+ 7K, 75240057 7K (&)
»  What to look for: F5 ZyE & AT 4

— Fire water retention capacity available? 4B /KA e 1 & 15 215 2

— How much? H£/b?

— If not: where would the water flow? WIEAE, K27 3L H 2

* 01.11.1986: Schweizerhalle fire 19864F11 H1H, G- EZER) HEFHFEMEEI XKk
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PHARMACEUTICAL
SUPPLY CHAIN INITIATIVE

Water retention 7K FJ 1£ i
01.11.1986: Schweizerhalle fire SCl

19864F11H1H, Gt EZE/R) MFEBE kK
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Water supply f7K P S C | PHARMACEUTICAL
e o B SUPPLY CHAIN INITIATIVE

= Fire pumps are installed to provide sufficient flow and pressure to feed sprinklers or
hydrants

= BT NS RGN KRR W R E AN
= Correct installation, testing and maintenance is crucial

= BB AR AR R E
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Fire pumps 7H B & P S C | PHARMACEUTICAL
What to look for & B y: & H 4 SUPPLY CHAIN INITIATIVE

SEPT
19-20

Setup of pumps E I E
— Diesel and/or electrical pumps with jockey pumps ‘7 5 e [ 22 [ 4 i A1/ 55 L 52
— “Standard setup”: 2 main pumps (1 electrical, 1 diesel and 2 jockey pumps) “PrifEiE” : 2
MEERE QAPMHE. ISR EANANRIESR)
— Pumps are available during power cut? 15 F 1) 32 & 75 0] DL IE 5 AR 2
— Pumps are in auto or manual mode? % &1t H 81L& F a3 = ?
Testing of pumps 25 FJ 3%
— Flow test 1/a MR 1IK/5
— Functional testing: T AP
+ diesel 1/week 30 Minutes (NFPA 25) 57122 19/ )8 7430408 (NFPA25)
+ electrical 1/months 10 Minutes (NFPA 25) HL%E 1Uk/&FH FF421050%F (NFPA25)

+ Power generator 1/months 30 Minutes (NFPA 101) & HiAL 19K/ A #4300 8
(NFPA101)
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The Pharmaceutical Supply Chain Initiative
2y i N AR YL

Need more information? 75 LT £ (% 5.2

Visit: www.pscinitiative.org

BV www.pscinitiative.org

Email: the PSCI Secretariat at info@pscinitiative.org
MEFE:  PSCIAR P Abinfo@pscinitiative.org

o @PSClInitiative #PSCIChina 18
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PSCl et e
Chemical Process Safety:
Which parameters are important to
perform a chemical reaction in a safe way
WETZRE:
ZEXHUERNNEEZSH

Liu Li X3z
Boehringer Ingelheim China, ISEE

PRI EEBPE, ISEE

Dr. Stefan Gries
Boehringer Ingelheim Corporate Center, Corp. EHS&S

HHRREBBEA, SHBEHS&S

9 @PSCInitiative #PSCIChinal8



AGENDA

Essential information to chemical processes W ERLFETZER

Critical interactions of material %} E]fY <828 5 1EH
Exothermic and run-away reaction FU#R &z L1580 /& [z -

Scale up AKX =Y.



BEET SOUPPOQIER CONFERENCE
. P S < | PHARMACEUTICAL
Li Liu X3z SUPPLY CHAIN INITIATIVE

» Chemist tFE=

= 7 years with Boehringer Ingelheim China (BI CN) Zhik#&Ez#&&s (Bl) H[E
TE74E

= Current Position: BI ISEE China (Infrastructure, Safety & Environment,
Engineering. EHS Auditor.) BRIL{E: BI#E ISEE (EHMiE®, &
£8IFfR, T, EHSEHIZR)

* Former Experiences LA{E2[A:
Chemical Process Research & Development XETZMMRFA %
Pharmaceutical Chemist Z54J{¢ ¥

SEPT
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BEET SYPPQIER CONFERENCE

Dr.

SEPT
19-20

_ P S C | PHARMACEUTICAL
Stefan Gries SUPPLY CHAIN INITIATIVE

Chemist WFEE=

More than 25 years with Boehringer Ingelheim Z#K48 E% 1%
m TR B 254

Current position: Corp. EHS & S (occupational health,
exposure control, soil and groundwater protection, EHS
auditor) BHETERI]: Bl EREHS&S (ERMIfERR, HRMI3E
], TIEMMTKIRIP, EHSER#ZG)

Former positions in LA{ET{E

- Local EHS ZiHBEHSERI]

- Research & Development (head of pilot plant) fff& (Hr
NZEEHTZTA)

- Chemical Production (head of production plant B) {t.Z=4
7= (APII] plant BfAZRA )

PSCI SUPPLIER CONFERENCE o @PSCInitiative #PSCIChinal8 44
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Fhemlcal rez?ctlon PSC' PHARMACEUTICAL
in a production plant SUPPLY CHAIN INITIATIVE

I 5P ERN

Charging #5#%

Educts
Cha R

Reactor % ¥/

Emissions
EESHEH

=

~, |Centrifuge B L)
7

Waste,
solvents,
w.-water,

etc. 4.
B, BIKE

arging ENH
>| Products/ =4/
45
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Which information is necessary PSC' S ARMACEUTICAL
for a safe process? SUPPLY CHAIN INITIATIVE

ZENIZHFEMLEEFE?

= Knowledge about the used chemicals regarding thermal stabilité, physical safety

parameters and toxicology ﬁﬂ%%%?%@ﬁﬁ%ﬁ%, BIERREMN, BUHREEH
w, 5. B

Educts F2IH4HIHR

Products (incl. side products) F=4 (BL3EEI=4)

Reagents x5

Solvents ;&5

Auxiliaries %R 5

= Knowledge about the chemistry {£F 112
+  Main reaction and side reactions & N F1EIR M
©  Waste streams (gas release, liquids and solids) [EF4~=4% (RSB, &EME

&)
. Consecutive reaction, decomposition? ERHIKR N, 9t

= Reaction type &z 7 EH!
. Batch reaction [B]8XT &
*  Semi-batch reaction ¥ [B)E8FT K M
«  Continuous flow reaction ZE4R

SEPT
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What is necessary PSC' PHARMACEUTICAL
for a safe process? SUPPLY CHAIN INITIATIVE

TZ

SEPT
19-20

ZENVEFRH

Calorimetric data of the chemical reaction .5 & M A= R HE

Adiabatic temperature rise E#EF

Gas evolution rate (2 reactor venting sufficiant?) IS IRE (& NEMEUE

5?7 )

precipitation of solids (= reduction of heat transfer, stirrer blocking?) Bl {44
(FRFARPEIR, $REESMED L

Accumulation of reactants, thermal output/time R N4 2FR, WBER=/B1(8]

Stability of reaction mixtures, distillation residues, etc. RFIEE#). RIBKRE

RIFRE M N

Potential for runaway reaction, abnormal operating conditions 5c3% [z 2 B A] &€

M, FERERHE . e

If necessary: investigation of the runaway reaction 303 : IR KITR N

Knowledge about critical interaction between the used chemicals and

other material Fff A L ¥ B AN EH fh 41 B9 X 8 ;e N2

Material resistance of reactor & other equipment & 2= F1H fih 1% & 408 =
ZE
Possible material contact (e.g. media supply) F] GE3ZARAV4IRL (20T R)
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What is necessary PSC' PHARMACEUTICAL
for a safe process? SUPPLY CHAIN INITIATIVE
TZZEMVEZH
= Plant equipment “state of the art”: &£ P IR F I ARKF
*  Inertisation of equipment & & 151t

. Materials of the equipment = > materials test, corrosive data, etc. & &Z# F=> ¥R}
R, BHEBES

*  Earthing of the equipment, explosion-proof equipment & &iEHth, FHtR

«  Blow-down system, pressure relief valve, rupture disc, NGRS, R2iE, B
RHE

. Heating and cooling medium fI#&. 2EIN R

*  Heating and cooling capacity  f#k. 4 ENRES

«  Safety concept e. g. for electrical shut down ZE&1&5t, AE 15 RTAY R T

- Process Hazard Analysis TZ B E S
. Examination of the chemical properties and chemical process safety data together with
the technical installation of the plant FII&FFARAAR—EEEXFERMERMELETL

ZREHIE
A safe chemical process is always an adequate combination of substance handling,
chemical process and equipment. #JRHE(E, WEILZMEEXHEIMEZE
UETLZAAAPHIERRERST
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Warmefluss

Thermal stability of chemical
substances and reaction mixtures

WEYI R/ & MR &P KR

*  Thermal stability: #F2E M

E

PSCI

+ Differential Scanning Calorimetry (DSC) or Differential Thermo Analyses (DTA)

=  Decomposition test closed vessel (pressure build-up):

° e.g. in a mini-autoclave

40 — L T L I— T T
A DSC Intermediate o a7 e

Q B a——
>< (Peak-Max.)
w

Heating rate 5 k/min
20 - Heatingrate 0.5 k/min

AH=2200)/g
0~ 'l _J
ca.225°C  ca.272°C |

20 | | | | |

300 350 400 450 500 550

Temperatur [K]
SEPT
19-20

20

300

B A S o B S B B Y

Mini-autoclave Intermediate

Spontaneous pressure build up at 180 °C

S

Heating rate 0.5 k/min
ca. 180 °c
73!‘\0““480‘1I.45]0‘7I‘

Temperatur [K)]

PSCI SUPPLIER CONFERENCE °@PSCInitiative #PSCIChina18
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Known hazardous substances P S| pammceomen.
2 #1 & & 49 R

= Typical chemical functions in thermodynamically unstable compounds:
AR ELEYNENERER:

«  -C=C- acetylene and acetylide

°© -Ng azide and hydrogen azide

. -N=N* diazonium salts, triazene, tetrazene

*  -N=N- azo compounds

*  -HN-NH- hydrazide

. >C=N=0 fulminates, oximates

. >N-X halogene nitrogene compounds

. -NO, nitrites, nitrates, nitro- and nitroso compounds
«  -0-0- peroxides, peroxy acids, ozonids

. -0-CIO, (per-)chlorate, (hypo-)chlorite

SEPT
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General handling characteristic PSC' ZE";EK‘&%L%;ATNE
of substances ¥R £ {EIF A

= Additional test for thermal stability #f— > #F2 E MR

=  Flammability of solids or liquids [E {43 i {4 X 15 14 BE

SEPT
19-20

Thermogravimetry (TG) or combination TG/DSC; TG/DTA
Quasi-adiabatic heat aging in a Dewar flask (or an adiabatic calorimeter)
Time Pressure Test

Combustion test

Flammability of solids
Smoldering temperature; minimum ignition temperature of a dust iayer
(minimum) dust cloud ignition temperature
Ignition temperature of liquids

Flash point (of liquids)
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General handling characteristic PSC' ;’Sé\mﬁiﬂ'm;mﬂ\m
of substances¥ IRl 3= {E1F "

= Dust explosibility: #34 @VEME
. Dust explosion test
. Dust explosion characteristics (p,,.,; (dp/dt) .0 Ksi; €xplosion limits
. Minimum ignition energy (MIE)

= Mechanical sensitivity, further safety characteristics

MWESIF&F BEEZRESY

Sensitivity to impact
. Sensitivity to friction
. Self-ignition test
. Conductivity

SEPT

PSClI SUPPLIER CONFERENCE
19-20
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Critical interaction PSC' e e
between chemicals and materials SUPPLY CHAIN INITIATIVE
tEEMPBE <ERES M

* Incidentin a chemical production plant A: L] ABY—)XRE ]

. Due to an operational error a mixture of thionyl chloride, ethyl acetate and acetyl chloride
have to be disposed of. For disposal the worker used the empty thionyl chloride drum. Short

time later the drum exploded. I F#{Ekiz, ASHINTIEREEFTNSHILWN,. IR
CEEFNZEESUR &Y. ZERBRIRIEGE.

= Result of safety examination in laboratory:
IRERLIFELER
. No critical reaction between thionyl chloride, ethyl
acetate and acetyl chloride. §4L T . 2R ZHgHN
CEES 2 EEBRER R

. But, the used drum was zinc-coated
=» critical reaction under pressure build-up between
ethyl acetate thionyl chloride and zinc!

SR, IR EEE,
9&%&%\5%IMﬂ%EEmE&E,#m%E

£
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Critical interaction PSC' S ARMACEUTICAL
between chemicals and materials SUPPLY CHAIN INITIATIVE
= MMM R A <8 H A

= Incident in a chemical production plant B: T.J” BEJ— X & #{

SEPT
19-20

Result of safety examination in laboratory

In a process the excess of POCl; is distilled off and purged into a 200 | steel drum with a PE-
inliner. Approx. 10 h later the drum burst. %18 A9 2POC | 8| N —/N200L 1+ PE Y M4
. N0pETE, ERBEER.

Between the batches the pipes were washed with acetone. Residual quantities of acetone

remained in the pipes. LR EERFERARLE, B8P AEREIKE

SREREIPELER:

Retarded critical reaction between acetone

and POCl,. AR
5P0CI, 4E18
KRR
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Critical mterac-tlon . PSC' e e
between chemicals and materials SUPPLY CHAIN INITIATIVE

HERMAR A REES 4

= Reaction experiment &z B3Iz
*  closed cell test, POCI; overlay with ca. 5.8 weight-% acetone

200 50

180

160 I \\ -40
140 35

v
i/

120

P s

o —O=—{ Temperatur [°C] _
) E ] - 5
—4—! Druck [bar] 2,
“‘5: 100 = ﬁ 25 o
E . - =1
[<F) (7]
2 80 f 20 8
g ] / [ =
60 /, 15
1 . i
40 10
20 5
0 1 - =1 1 T 1 1 1 = 1 il 1 Ll 1 1 T 1 1 1 0
(o] 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180
Time [Min]
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Chem'lcal r.eactlon parameters, PSC' S ARMACEUTICAL
calorimetric measurements SUPPLY CHAIN INITIATIVE

UERNZEZSH, kNHRNLK

. Safety_tinvestigation of reaction under process like conditions: IE & & M & H T
B

. reaction calorimeter (e.g. Mettler RC1) with dosing, gas measurement etc.

= Determination of: | E&#

©  Heat of reaction X Ri#& AH, [J/g] or
[J/mol]

* Heat capacity#&% C, [J/g K]

«  Adiabatic temperature rise £&3#;2F
AT, [K] or [C]

. Degree of accumulation &z N2 ZFH[%]

©  Gasrelease SAFER  [I/min]

» Adiabatic investigation of abnormal operating conditions: & & 5% {4 B9 48 M)
. determination of thermal stability under adiabatic conditions (no heat exchange between reaction mass and
surroundings)
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Tempferature chtroI of PSC' S ARMACEUTICAL
chemical reaction SUPPLY CHAIN INITIATIVE

[ R B im 4

Cooling by
reﬂux condension

—-|' IE] ;m./v /ﬁ;E :Lt\l]

Cooling jacket

RERAN

SEPT
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PD Chem - S&T - Chemical Safety

fleat balance of - PSC | rrmmmceonen
exothermic reactions SUPPLY CHAIN INITIATIVE

ﬁﬁ A& }_‘_ 7Y 74 2 1 TTT

heat production heat removal
FEE A BRI

Increased heat production 1 i ## =4 B84 Decreased heat removal PE{E BB A FZ %

+ Additional energy supply Z15 NI BE = e N *  Loss of cooling’&ENL%L
(e.g. heating, stirring, pumpinggnfin#., ik, (e.g. pump failure, solvent evaporated)
=) +  Degrade heat transferf& #p&{%
*  Higher concentration of reactants {2= K& M4 (e.g. fouling, adhesion)
AEE (e. g. missing solvent ﬁu’ﬁ%ﬂ] L) *  Increase of viscosity #EE &0
+  Presence of a catalyst {EFIBIFTE (e.g. higher degree of polymerization)
(e.g. rust, nonferrous metals) - Inadequate mixing SR 7E 4
. Initia’Eion of other exothermic processes5| % (e.g. pump failure, solvent evaporated, stirrer
HA AR Y (e.g. side reaction, failure)

decompositionZN &I Bz, 97 ##)

SEBT
19:-3
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Exothermic and run-away reaction PSC' ;’S’;Ei\\fﬁiﬂ'mﬁlATl\/E
R R % 2 B

= An exothermic reaction produces heat which leads to an increase of the reaction
temperature if the cooling capacity is not sufficient. Z0RLENGE 1AW, SEHGFAR MAY
BmE, RNAREEAS.

= A runaway reaction is an exothermic chemical process, which leads to uncontrollable
reaction conditions due to an uncontrolled rise of the reaction speed. &% K& N 2— ik

HERNEE, ERATREFHRESERNEE AP ATENASIERR .

heat removal ';/

SEPT PSCI SUPPLIER CONFERENCE O@PSCInitiative #PSCIChina18 59
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Exothermic reaction and run-away PSC' PHARMACEUTICAL
reaction B K15 &

SUPPLY CHAIN INITIATIVE




PD Chem - S&T - Chemical Safety

Scale up AKX P%
laboratory = (pilot) plant SEIG=EZF|F i ZE |8

PHARMACEUTICAL
SUPPLY CHAIN INITIATIVE

= Example of a heat balance change during the scale

up AR F &S (1LB1m3)

*  From laboratory (1 1) to pilot plant (1 m3?). SEI&=1LE|H
1375

*  Dosing controlled reaction AIRHE&I R N

*  Exothermic reaction F{#%

. Reaction heat of 360 kJ kg™ (= 0,1 kWh kg!) &

*  Reaction temperature 80 ° C R NBE

*  Density of reaction mass is 1 g cm3R IR EPIZEE

*  Filling degree is 100 % R 2BFAIERFE

. Heat transmission of both apparatus are

500 W m=2 K- &3 R E AR [E]

. Effective temperature difference for cooling is 30 ° C /& &[]

N=|
/m

Z

I24%Y
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PD Chem - S&T

Scale up A K

- Chemical Safety

SCI

laboratory = (pilot) plant SEI& = #| 4 i % 5]

Laboratory Pilot or production plant

Reaction power with
3 h dosing time

(=0,1 kWh kg1 * 1 kg /3h)
heating required

Reactor size 11 1m3
Cooling surface 0,046 m? 4,4 m?
Specific cooling power 15 kW m=2 (=500 W m=2 K1 * 30 K)
Cooling power 0,69 kw ~ 66 kw _
(=15 kW m=2 * 0,046 m?) (=15 kW m=2 * 4,4 m?)
0,03 kW 33 kW

(=0,1 kWh kgt * 1000 kg /3h)
cooling sufficient

Reaction power with
2 h dosing time

0,05 kW
(=0,1 kWh kgt * 1 kg /2h)
no cooling required

50 kw
(=0,1 kWh kgt * 1000 kg /2h)
cooling sufficient

Reaction power with
1 h dosing time

0,1 kW
(=0,1 kWh kg** 1 kg /2h)
cooling sufficient

100 kw
(=0,1 kWh kg* * 1000 kg /1h)
cooling insufficient

SEBT
19-38
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Factor 1000
Factor ~100

Factor ~100
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Expectation of an EHS auditor PSC' S HARMACEUTICAL
PSCI questionaire , Process safety” SUPPLY CHAIN INITIATIVE

EHSE #% A BV HAEE /PSCl O % “HiIEL ¢

= Implemented rules for ,safe development” SESL T ZH A FHL S
J52 0]

= Essential examination of the chemical reactions (AHg, c,, AT, ...) and
substances (thermal stability, minimal ignition energy, ...) %/ 52 FA

MR TV ENE S,

® Transfer protocol from research & development-- pilot plant —

production NLIEZF| i, BEIETEBER

= Risk assessement for the chemical process and defined measures to
assure a safe process TZEMX T, LWUKRHIEHENRETRIREL
ZRE,

SEPT
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Usefull Links DS menemer

= https://www.bgrci.de/fachwissen-portal/topic-list/hazardous-
substances/

=  https://downloadcenter.bgrci.de/resource/downloadcenter/downloa
ds/R003e Gesamtdokument.pdf

S P, PSCISUPPLIER CONFERENCE °@PSCInitiative #PSCIChinal8 64


https://www.bgrci.de/fachwissen-portal/topic-list/hazardous-substances/
https://downloadcenter.bgrci.de/resource/downloadcenter/downloads/R003e_Gesamtdokument.pdf

SEPT
19-20

Questions
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Sources of pictures PS C | PHARMACEUTICAL
s SUPPLY CHAIN INITIATIVE
&k kiR

= Most of the pictures are taken in our laboratories or production plants
(Boehringer Ingelheim)

= Pictures Page 21:

BG RCI, R 001 - Exotherme chemische Reaktionen (BGI 541)

BG RCI, R 004 - Thermische Sicherheit chemischer Prozesse (BGI 828)
IVSS-Broschiire "Verwechslung von Chemikalien" (ISBN 92-843-7159-7)
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Create value by PSI

TZzefEReEmhE

Sep 20, 2018

Zhejiang Langhua Pharmaceutical Co., LTD.
WL RA R 256 TR 22 7]
Ninhua Group

o @PSCInitiative #PSCIChinal8
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Who are we BA4E | 28141

Langhua PSI system BH4EiI] 24 PSIfA &
Langhua Safety Lab BRI 24 22 42 5056 = +
Value created by PSI L. 2% 415 B A& W E T .,



s LANGHUA
Introduction to Langhua Pharm BA#EHI 254 DAY

mu s. FDA/W-HO/EDQM/CFDA/ANVISA approved manufacturer

l Focus on APIs, GMP mtermedlate & CDMO Busmess

Located m Natlonal Level Pharmaceutlcal Industry Zone, Taizhou city, Zhejlang Provmce

Langhua Pharma

LOCATION | . '

[ §;T\iﬁﬁu.S.FDA/WHO/EDQM/CFDA/ANVISA ZERHEIT
u Eliﬁﬁ!a~ S RAREF ECDMO!]!%
B (FNIEaNhEREEDER




’, LANGHUA
 PHARMA
PHARMACEUTICAL

SUPPLY CHAIN INITIATIVE

BtERl g R RIhTE 1986

BAZNARE R

2006 2013
T :_J;J‘ WHO it mﬁ,mw% BERIBITHALE
(2015 HEEAPTILER

Introduction to Langhua Pharma BA4&#1 2544
PSCI

2014 2017 2018
R |F@ideDOM ZEEPIXER #Fach O ERANIEZE
&FDA (USA) Hit
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Langhua PSI system BA#E#i Z5PSIfk %
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WHY SAFETY TESTING ? PSC' PHARMACEUTICAL

SUPPLY CHAIN INITIATIVE

N A AT 2 4 ?

To avoid ...
1

Lab scale Production scale

» D S [ SN R
S5 = AR LR P AR
iIEE)PZTO PSCI SUPPLIER CONFERENCE O@PSCInitiative #PSCIChinal8 72



Langhua PSI system

BHEHIZPSIik R
eDD

" LANGHUA
§ PHARMA

Planning

)
o

[ ]
H

s

Engineering Lab to plant R /Production
logistics Scalepup
i kSuptleriC(i)r
nowledge
i u logistics and PROCESS
related
i regulation SAFETY Project _
Supply chain Design/safe afifia
INFORMATION /5 7 |
Aligned ana construction :
i d
Integrate Engineering

working

QC lab aintenance/Permit
/QA & EHS

Embedded in
process

Production

Maintenance
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" LANGHUA
 PHARMA

Safety Lab Overview P S | e,
i R A 2=
e ot M

SEPT
19-20
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OUR PRACTICE P S C | PHARMACEUTICAL
R b SUPPLY CHAIN INITIATIVE
SE %

Process Safety .2 %4

Id‘enntify Thermal Stability #vf& & 14
gl Reaction Calorimetry 2 i £ #
Adiabatic Calorimetry #4#k
Risk
KU
Understanding Reaction Mechanism /5 N AL
Control Online Monitoring 7E £& VI
25 ] Impurity Isolation %5 73 &5
Risk
P54

Process Optimization L. A4k
Reaction Condition S 2% 1

Process .
inherent (Temperature/dosing rate/pH:----:)
safety Hazardous Reaction f& [ /< i
AR %4
SEPT
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OUR PRACTICE P S C | PHARMACEUTICAL
R b SUPPLY CHAIN INITIATIVE
SE

’—---------------------~
- S
’ S
4 A

~
' d

Development
Explosive Properties

. i Dust Explosion Characteristic
Adiabatic

Calorimetry(Phi-TEC I)
Gas evolution

(Gas collection
equipment)

Flammability
Conductivity

—— i ——,

Thermal Stability (DSC)
Reaction
Calorimetry(RCle)

1
| —Burning behavior

ST | | -Fish poin
| S — | -AIT
Mt

CESEED, [ VRET |y

S > Heatof Decomposition | _con . ctivity

i i

1
» Heat of Reaction :
» Heat Removal Risk Evaluation 1
» Thermal Accumulation “
> AT,, & MTSR & MTT & Tp \ J
\\~—____________________—”
NOXV‘ Future
SEPT =i sk
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" LANGHUA
 PHARMA

PROCEDURE P S C | PHARMACEUTICAL
2o Th SUPPLY CHAIN INITIATIVE
W s

Lab Scale 3256 = Hr Bt
TEAM [\

R&D &
Safety Lab &AL =

OUTPUT %ij

— Screening Thermal
stability #As e

— Identification critical
reactions JC8 5 B 15

— Risk evaluation XU 1A

-

REPORT # 45 =

Risk Evaluation Report Update Risk Evaluation Report
SDS Data Sheet Update SDS Data
CHA Report Update CHA Report
PHA Report Update PHA Report
SEPT
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P S < | PHARMACEUTICAL
SUPPLY CHAIN INITIATIVE

CASE -LAB SCALE
ik B B
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T
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CASE-LAB SCALE
Wt & B B

CHA Report

T memmiz
SECTION §: Chemical Interactivity.
5.1 BRZEEEEE.

| 5.1 Rescliity between raw materisks.,
=T
HEZEH,
Num 1| 2. 2.] 4a] 5af 8| 7.] o] 8o 10 111213
Chemicals..
ber|
1. A
2. B.. [UH R B L R R ) (R R I ()
3. € [UH DU B L ) (R R I )
4. D. R VR I S R B .
5. E. E VR IR ) ()
H|
. F sl uls
N GF.
7. [ (UM [NV INTH VR B -3
8 H. Sa| Us| Us| 50| sal =of wafiaaf afa o] s
9. 1 —f o = = = v =
H,
. Ko —f us Us| s Sa] Ha| = = s a ] af s
" GF.
1. L R IV VY VI TN o RN g RV BT B B I
12 M. Sa| Us| Us| 8af Saf —of Ha| 30| —of uaf uaf 5 s
13, N Sal Us| Us| 30| 84 S0 Us| 8] — U us] 34 S
WIEIELEIE Generslconcusions: .
MR FEES, XX SENFHREEHIEN.
i RERTERSHEHELEANEEEREL FIRE: SymbolNote:,
H: HRER: Exothermicresction; .
Fr 8 Firei
G: BESE (REH. THHSE . but gesms): .
GT: BENE (EENTE) : Releasegases(iodogases): .
GF: BHESE (IS5 Relesse gases(combustible gases).,
E: #45: Explosion; .
P: BIZIMBSERE: Poymerzaton: .
5. ERERK: Soution: .
U: FFEEEAE, {8THE%: Theremaybe fisky, but notclear:
H.F. 6T £k, REHAESE. EohemicFie/Relesse oo geses. .
EEEE#FE. Noresctions using-label .

-+

PSCI

5.2 BEREERRE.

"

PHARMACEUTICAL
SUPPLY CHAIN INITIATIVE

LANGHUA
PHARMA

5.2 Materialof equipment and pipe..
eEm .
femicsls.. 1. 2| 2| 4| 5. 6. 7. 9.| 10, 11.| 12 12,
FH#E Matarials .,
H,
4 Carbon steel, ! ILUEY I I I R P e e
. H,
THR Stainkess steel., —a| Ua]| —af —] —of —a] — = er] = —| =
ETHW PorcelainiGlass., | —of —| U.| —o| —of —4] U4 — = = = =
PP PE, PBE. —a| = = = = = — —| = =] = —s
PTFE, PVDF, ECTFE (Halar.{ — | —s| —af — —o —| — R [N ) Q.
PVEC. —a| = —a| =] = =] = —a| = = = =
F#8E Caoutchouc., —a| = = =i =] = W = =] =] =] T =
amiE Synthetiubbar, | —| —a| —a| —| — —a| U] —of =] =] = = =
mEESEER, UP, ). | —o| —o| —of = = = = = = = =] =] =+
E® Grphita ., —a| = = = =] =] = = =] = = = =
IR Jaffaite.. —| = = = = =] v = = v =] = =
iR Lube. —| = = = = =] v = = v =] = =
#IEIELEIE Generalconclusions:
XX EFFETEENER LT DA HE RS,
iE: HERTEAESEENEIEONEEEREL TR Symbol Note:,
H: HF4EF: Exothermicreaction: .
Fe B Firer,
G: BHSE (E2H. FRASE) . . butnot geses): .

GT: BASE (WEH%5E) : Relessegases(iodicgases):
CF: BHiS% (THSE) Relesse gases(combustible gases).,
E: % Explosion: .

P: BIZIMB&EE: Polymenzaton; .

5. EEEZE(L: Sowtion: .

U: FAEERE. BFHE®: Theemsy be risky, butnotclesr:
H

L FGT: mft. 24, REASENY%. Sothemic/Fie/Release todcgases. .

#FiE. Mo reactions using™label. .

EEEA
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" LANGHUA
 PHARMA

CASE- PILOT SCALE PSC| PHARMACEUTICAL
v SUPPLY CHAIN INITIATIVE
/N B

B3 Contents o

1. #fi# INTRODUCTION 1«
1.1 & BACKGROUND 1v
1.2 B#F PURPOSE 1v
1.3 PHA I 5 RESEARCH RANGE OFPHA 1¢

2 TZH#it PROCESS DESCRIPTION 1«
2.1 it INTRODUCTION 1«
22 Bk 1 1+
23 Bk 2 30
24 Bk 3 4¢

3PHA R 6«
31§ INTRODUCTION 6o
3.2 Fif METHOD 6
3.3 T{EFiHBH EXPLANATION OF SHEET 7o
3.4 5|54 GUIDE WORDS 7o

4 HAZOP ¥ {4} PROCEDURE OF HAZOPANALYSIS 8¢
4 1HAZOP K [B]3% SCHEDULE OF HAZOP 8¢
42 1F{/MARAEE MEMBERS OF HAZOP TEAM 8«
4.3 E#F{h ASSESSMENT OF DIAGRAM. 9
4.4 FAI23EFE RISK MATRIX 10+
4 5HAZOP T} & NODES OF HAZOPANALYSIS 11«

5. HAZOP &1t 15¢

SEPT - .
19-20 PSCI SUPPLIER CONFERENCE @PSCInitiative #PSCIChinal8 82



[ Ry
CASE- COMMERCIAL SCALE PSCl smmeement
7 Ml AR By B

+4,SHAZOP ¥ & Nodes of HAZOP analysis- q
HAZOP FEHBITZEESFET 27T & 442, Thenodes of HAZOPanalysis arc listed as below: |
+_ 442 BiLTF A Table 4.4a List of nodes-
5. BEAE RitEH BES | wemm
Nos Content of Node~ Purpose of designe D;:g}:m.- Date of analysis®
s zgg@ﬁmnﬂg&ﬂm%wi sorare |
=10 g EQBROONIS | 2
Nodere | X0 Nkt e the procedue of chargngand | 040100 | CPOCILOY
dropping is under comrol »
A
HE2e NP WESABEELER, FHREEEEE | EQBRIONIS 2015.07.27¢
;?udEZP REEHAE ﬁaﬁg@@m» 0401-00¢ 14: O;Hﬂ 000
o
5
XXXX Wi H§ PHA S+#if78hit%l-
" N Sr. RR: [Responsible "
E de ) v Due D S
[Eauipement, g‘;’;{ﬁj B . Rz TR Actions fTabfii: |PURHE| Person: | gof 2t “’;i”i
- e Bl | A o
#IF (Pl02814) o e "
1.1.1- Egﬁfozsos) q:%)@fmwﬂﬁﬁﬁ%%%ﬁi Ly AR RL. | 1 oo L. Z015.08. 074
T i B HARRT R AR, (2. SoP HUERIRRIEHRE 2. 2015. 08. 152
L
; . . 1. SOP HUEIEKARER . i
A0S A (v107861) P oS PRRIETIS, Engest, | S R, g mois 0s. 16
1.1.40 [EI0HEE 74 (RLO2808) |[REZZEFMEL, TFEEE o g =111 pooad A s e
e T R, HitirERZ 3. 2015. 09. 16
" . 3. BRI R
Bz BrE (R102808) |

SEPT
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CASE STUDY P S C | PHARMACEUTICAL
glé’fﬁﬂ éj\*ﬁ SUPPLY CHAIN INITIATIVE

A + BnBr > B
DMF

Problem Thermal accumulation
I‘E‘I@ HEFA

SEPT
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CASE STUDY P S C | PHARMACEUTICAL
?ﬁ{ﬁﬂ ﬁj\ 1‘}? SUPPLY CHAIN INITIATIVE

Purity: 90%

Old process
Trends
30
460
1. Charge DMF, C 0
2.  ChargeA *
3. Heatto50°C *
4.  Dosing BnCl in 40 mins . 8”
£ e 5
¥ 18 oz
0 50
430
Thermal accumulation o
80.2% 0

SEPT
19-20

420

01:00:00 01:30:00 02:00:00 02:30:00 03:00:00 03:30:00
Time
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= 73 Hr

Process optimization -1

"

CASE STUDY P S C | PHARMACEUTICAL

SUPPLY CHAIN INITIATIVE

Add catalyst “
Change BnCl to BnBr 5 g

1. Charge DMF,C n .
2. Charée A d Bad quality
3. Charge catalyst " o

4. Heatto20°C 55

5. Dosing BnBrin7 h oo "

Thermal accumulation

6.68% *

v v v

2018/6/20 2018/6/20 2018/6/20 2018/6/21 201816121
18:00:00 20:00:00 22:00:00 00:00:00 02:00:00

SEPT
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201806121
06:00:00

86
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410

460

450

440

400

39

380

370

360

350



" LANGHUA
 PHARMA

CASE STUDY P S C | PHARMACEUTICAL
gﬁ@u ﬁj\*ﬁ SUPPLY CHAIN INITIATIVE

Process optimization - 2

4
600
2 20
0 550
15
1. Charge DMF, C ? @
2. ChargeA ? @
3.  Charge catalyst -
) 0 5 4
4. Heatto20°C £2 “ IE
. . g : 03
5. DosingBnBrin1h e —~ =,
1 300
16 5
250
14
. 0 A
Thermal accumulation 2
20.3% 10 150 45
Sy  wy | A v A/ 100

20181623 201806123 20180623 201806123 20180623 201806123
13:00:00 13:30.00 14:00.00 14:30.00 15:00:00 15:30.00

SEPT
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CASE STUDY
ESPgh

Process optimization - 3

Charge DMF, C

Charge A

Charge catalyst

Heat to 20 °C

Dosing BnBrin 1 h (20%
in 30 min, wait 30 min,
80% in 30 min)

nhehwn e

Thermal accumulation

11.2%

SEPT
19-20

25

T (°C), Tr(°C)

i

PSCI

r._

LANGHUA
PHARMA

"

PHARMACEUTICAL
SUPPLY CHAIN INITIATIVE

Purity: 89.8%

() 4,

27—

2018/6/24
11:00:00

2018/6/24
12:00:00

L

2018/6/24
13:00:00

2018/6/24
14:00:00

Time

PSCI SUPPLIER CONFERENCE ° @PSClnitiative #PSCIChinal8
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VALUE CREATED BY PS|
TZze(E B alE
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P S C | PHARMACEUTICAL
SUPPLY CHAIN INITIATIVE
Determination of Process Safety Critical

Equipment to Include in a Mechanical
Integrity Program

TENUIR e B MR e Hh nfrT fif e L 2% 4
RPN

Albert Ekin, CSP
Sr. Principle PSM
Johnson & Johnson

9 @PSCInitiative #PSCIChinal8



AGENDA X &

. Mechanical Integrity (MI) — What is it?f
e MU 56 2 4

. Determlnatlon of Safety Critical Equipment
- A Five Step Process ﬁé?@‘&&%ﬁ’]ﬁﬁ%
E- TPV :

= Documentation X {4

= Recommended Resource?ﬁfﬁﬁ )?

= Questions|n] -



Process Safety Management PSC' PHARMACEUTICAL

TZ#zeEH

SEPT

19-20

SUPPLY CHAIN INITIATIVE

Process Safety Management (PSM)

T2 a7 _ _
An integrated management system applied to highly hazardous

processes to ensure that: —/MEH T E X T EH & EHIA R, Ll

T O

= All process hazards have been identified T L. & f& #4712 7]

= Risks from those hazards have been evaluatediX £t T. 2 & 37 K 1)
DS A VA

= Controls are in place to mitigate the risks to an acceptable level KHX

12 425 A PR (6 3 T 2 1 K

Mechanical Integrity is a key element in any Process Safety Management
(PSM) system Ui 5E B FEAT A L2 224 B FAR R P4l 2 — > e

E:e)
TR
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Mechanical Integrity (M) PSC' PHARMACEUTICAL

\ SUPPLY CHAIN INITIATIVE
P ¢ 3 1

The US OSHA PSM Rule requires companies that process hazardous materials
demonstrate process equipment is “fit for duty”. (Other regulations, such as Seveso,
contain similar language.) 32 [E HRMV 22 4 5 e 5 2 Jay 120 22 4 BRI LR Ab
R EH ATHEH TERAGEES”. (LA MNnEAERTES, B34

HE) .

In other words companies need to
demonstrate that processing equipment
handing hazardous materials has been
designed, constructed and is being
maintained in a manner that will prevent a
catastrophic release of hazardous
materials. ¥ A U5, A F 7 EEER(E
SR B T &R Bt s Fn 4k
77 UL RE W7 LE SG A kAR S MEPERE TR

SEPT
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Key Components of a M| Program PSC' PHARMACEUTICAL
B 56 B VTR e 10 6 i 2 R )

Demonstrating “fit for duty” — essential components:
E BET -BARASMARES
= Safety Critical Equipment list (SCE)Z¢ 4= 5% 5 15 24775 H.

= Documentation of design and construction standards
VT A T AR v R SCA:
= Inspection, Testing, and Preventative Maintenance

(ITPM) tasks based on RAGAGEPZE T RAGAGEPH 5 15,
I AN T 577 P4 4 AR 5%

= |TPM execution & monitoring system ITPM$R AT Il 115 4%
AGt

= Equipment deficiency management system ¥ £ Bk [ &

H A2
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Safety Critical Equipment ITPMs PSC' ESQS&@%&%'?@;ATNE
GERERGEFITPM

= Inspection: Tasks to detect the onset of a failure condition and/or assess the
condition of a piece of equipment K& 2. &M H & /& A= AT 55 A0 /B4l 15
RO A5
= Vessel wall crack via x-rayif i X5 28 16 01 725 2 B 24 4%
. Pipe wall thickness measurement & ¥ J5 &£ Il &

= Testing: Tasks, mcIudmg predictive maintenance tasks, which assess the
condition of the equipment and/or detect hidden failuresilit: A% 4 &R
LA /B I B B&“ﬁ&ﬁ% FAESS, BLFE T M 4E 971155
. Detecting drift in an instrument through calibration i i3 1 vE A& X 28 v i EE %
. Function test a shutdown systemf% 4= £ 4 [ Th AE I

= Preventative Maintenance: Tasks which help prevent thegremature failure of
the equipmentTRBTPELES: A BIT-B7 1B &0 RN AE 55

Promoting the equment s inherent reliability (e.g. lubricating a pump)$& F 15 £ I [i]
HRIEEME (FlaEE —&838)

= Restoring the equipment’s reliability by replacing selected parts/componentsif it 5
ST 2 ) AL 6 1 26 10 SR 0

SEPT
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RAGAGEP P S C | PHARMACEUTICAL
S \ v s s S b SUPPLY CHAIN INITIATIVE
73 N HCE I 1 52 B R A TRE S8 R

An acronym that stands for: 45 5183 M/m//hl @
Recognized A AH] /F/w/ ATEX
And DL K& -
Generally &3 1]

Accepted % 1EC m @Iaﬂ”
NFPA

Good R4F :
Engineering 1% @ PED 2014/68/EU
Certified

Practices. 5L

nter for Chemical Process S

RAGAGEP are established design codes, standards, published technical
reports, recommended practices, government regulations, manufacturers
recommendations, internal company standards, or similar documents.
RAGAGEP 2 L& s tH I, Frl, CRAMIIE AR, HEEMIE,
BURHERL, wlE R @i, 2\ N ERAR v EESRACAE

SEPT
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Determination of SCE DS menemer
A B S A B

Safety Critical Equipment: includes process equipment,
safeguards, utilities, and supporting systems that prevent or
mitigate process hazards% 4 8 %% : AR 1EEURE T 216
FHLZ0, ZAaREER, &M RS
Recommended process: fE## i FE :
1. Assemble a teamZH & — 4~ HRA
2. Determine SCE identification criteria fifi & % 4= 58 15 4% R B b
ik
3. Develop a comprehensive list of process equipment, safeguards,
and systemsiil 7 & 1) T 215 %%, PREETE T RG0E
4. Apply criteria to list developed in step 3¥brE N T8 337 &
R
5. Document SCE selection processit. sk % 4 = J ik & g £ FE

SEPT
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1. Assemble a Team PS( | PHARMACEUTICAL
SUPPLY CHAIN INITIATIVE
2H 43 — > 4] BA

= Members to be knowledgeable of the process and the

equipmentZ 51 75 BT T. 2 MR 55 B 1 T fiF

= Cross functional (similar to a PHA team) 5 HREE 1] (ZR1LL

TRl —PHARIFAD

= Facilitated by an individual familiar with the process as well as
the purpose and objectives of the site’s Mechanical Integrity
program FH #4RAZ L2 LU LA w IR L e 2 R e 1 H 1Y
ATH AR Ny 9

SEPT

19-20 PSCI SUPPLIER CONFERENCE °@P5C|nitiative #PSCIChinal8 100



2. Determine SCE Identification PSC' S ARMACEUTICAL

Criteria SUPPLY CHAIN INITIATIVE

Tl € 2 4 IR B W ok B R 0 B

= Clear and specific criteria BH i 1 2AR R FrifE M
= Criteria considers the consequence of failure b5 [& KA J5 S

= |f a failure could result in a High Risk event, then it should be
included in the Safety Critical Equipment list. 215 A e 5
o MBS FAT, R AL AR A R B A TR B

= Companies need to define a risk evaluation methodology to
define a High Risk event. A 7] 75 B2 52 RSP 575K 8 X
e AU A

= Risk = Severity X Likelihood JXU[%; =™ =& P4: X A] fiE P4

= The criteria documents the decision-making process of the team#fE
W EIINCORS e e s

SEPT PSCI SUPPLIER CONFERENCE O@PSCInitiative #PSCIChinal8 101
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Criteria for Inclusion (example): PSC' PHARMACEUTICAL

MNFRUE (B

SEPT
19-20

SUPPLY CHAIN INITIATIVE

Equipment, if it fails, could cause or contribute to a High Risk (HR) event (i.e. vessels,

piping, fans, pumps, etc.) B W R AE TR, 1R S EE TS XS EHF (AL,

i, A, RE

Safeguards that detect conditions that could lead to a (HR) event (i.e. LEL detector,

pressure sensor, etc.) KA K 77 TH 122 4 PR3 4 it v] BE 5 2505 US4 Clnml R4

Wk, HIIMERERSE

Safeguards that prevent conditions that could lead to a (HR) event (i.e., low air flow

shutdown, grounding systems) T 5 14 /2 [T 1) 2 4= OR3P 6 e T B S 20m KU 4 (Canfik

MERH, HHRSD

Safeguards that mitigate conditions that could lead to a (HR) event (explosion flaps, fire

sprinklers, rupture disk) s f5 S AH ¢ 1) 22 4 PR 48 it vl e 5 B0 RS 44 CanB 41,

BTG, RO

Safeguards that contain conditions that could lead to a (HR) event (i.e. secondary

containment) £l 28 1 5% [ 22 4 PR 48 it 7T 68 5 2505 U 44 (o — IR RN 3D

Supporting utilities, if a failure could cause or contribute to a (HR) event (i.e. nitrogen,

instrument air, electrical) S FFME R A H TR &g an Sk v g S 8os S FH 4 CGinE =<,

R, HBAD

Regulatory requirementsiE K Example criteria list for consideration
ANIBRAETE B R
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3. Develop equipment list PSC' PHARMACEUTICAL

e T 7

SEPT
19-20

SUPPLY CHAIN INITIATIVE

Within the scope or boundary of the covered process, generate
a comprehensive list of all equipmentfE¥ M 1. 2 30 [ 8ol
RN, AR B A TRNE 5

*  Process equipment L. 2, % £

«  Safeguards % 4B 18 jite

+  Associated systemstHx £ 4;

Include supporting systems (e.g. utilities)BFE L FF R4 (WA
H T

Sources for identifying equipment for consideration 7] L% &

TR 501] 5 2% SR

© PRIDsEIE AR IAE

©  PFDs LEMAEK

«  Safeguards from PHAs and LOPAs3E [ T T. 2 f& 4 Al
PRI E 43 AT B 2 AR Tt

*  Field or room observations i1z Wi %%
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3. Develop a list (cont.) DGO | e,
YA B )

Example types of equipment to be considered 1] DL 2% [& 1 5 £ 25 R {51 1

Control Valves#= 1 & 7]

Piping’& 1 o

Reactors X V. 3% o Thermal Oxidizers#\EE 4. 25

Pressure Vessels/k /7 o  DryersitT#1

R o GranulatorsfillfiHl

Process Hoses . % o Nitrogen Systems%& < 24t

B o Compressed Air System 4R R4t
Mixing TanksiE & H# * Ventilationid X

Storage Tanksfifi i o Control Systems — HMIs, PLCs#% | R4t
Filtersid yE 2% o Lifting cranes and hoistsit F AL,
PumpsZg

Compressors)E 4l
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4. Apply the Criteria to PSC' S ARMACEUTICAL
Everything on the List SUPPLY CHAIN INITIATIVE

R A N T F BT W

=
« ldentify consequence of failure iR 1] 2R %4 J5 £ %‘
N\
«  Systematically apply the criteria to each item on the list R Gt ¥ bn v N H T
TE L RN T H

«  Example: Explosion flaps on a fluid bed granulatorf¥l7-: #t R EIRIL )
bipz
] 1. Equipment, if it fails, could cause or contribute to a High Risk (HR)
event
[] 2. Safeguards that detect conditions that could lead to a (HR) event
[] 3. Safeguardsthat prevent conditions that could lead to a (HR) event
o Safeguards that mitigate conditions that could lead to a (HR) event
TR S A G IR 22 A DR AP 16 Tt PT e 3 808 AU A
[] 5. Safeguards that contain conditions that could lead to a (HR) event

[] 6. Supporting utilities, if a failure could cause or contribute to a (HR)
event

L1 7. Regulatory requirements
SEPT
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5. Document Safety Critical PSC' S HARMACEUTICAL
Equipment Selection Process SUPPLY CHAIN INITIATIVE

[V qe P S5 A5 & QI PrE = SUN i:

PSM Process: Fluid Bed Granulator
PSML.Z.: It IR HIRIAL

1 2 3 4 5 6 7
Explosion flaps X
QASVs X
Grounding stations X
Binder solution tank Waterbased solution, non-hazardous
Broken bag detector X
Expansion Chamber X

vy

Note: This is an example only /T & : X & — 10 F

SEPT
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Criteria for Inclusion (example): PSC' ESQESA&%EAUILIFI\?II:FIATIVE
NN ()

Explosion Flaps[i &[]

[1 1. Equipment, if it fails, could cause or contribute to a High Risk (HR)
event X 2 WIS & AR ik, AT R T 30k 5 30m XU 4

] 2. Safeguards that detect conditions that could lead to a (HR) eventf
DA 7 TH FA) 22 2 OR3P ik it P 3 3850 XU A

[1 3. Safeguards that prevent conditions that could lead to a (HR) event
TR 1 J T ) 22 4 ORGP i e vl - v XU A

] 4. Safeguards that mitigate conditions that could lead to a (HR) event
IR Je SR S 22 4 PRAP 8 It AT R 3 B0E KU A

[ 5. Safeguards that contain conditions that could lead to a (HR) event
AL IR 1) 22 4 DR AP T PT e 0 AU A

[ 6. Supporting utilities, if a failure could cause or contribute to a (HR)
eventSCRFIE I A F TS SR 40 40 S P ] 5 3 20 m XU A

[ 7. Regulatory requirements‘?z*i%)“bgﬁ%

SEPT
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5. Document Safety Critical PSC' S HARMACEUTICAL
Equipment Selection Process SUPPLY CHAIN INITIATIVE

[V qe P S5 A5 & QI PrE = SUN i:

PSM Process: Fluid Bed Granulator
PSM_LZ: AR HIRLAL

1 2 3 4 5 6 7
Explosion flaps X
QASVs X
Grounding stations X
Binder solution tank Waterbased solution, non-hazardous
Broken bag detector X
Expansion Chamber X

Note: This is an example onlyJE & : X & —1-WF

SEPT
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Other Considerations DGO | e,
HAh & & A &

= Downstream process equipment and piping where hazardous materials could

potentially migrate must be considered 4 2 7% FE fa [ 4 Bl Al REITF2 1) T i L & 4%
MEE

= Equipment and piping that is onsite but not owned, whose failure could cause or
contribute to a High Risk event must be considered for inclusion in the SCE list{E 1%
HEAN & Tk B A TE ,  FLR AR e -3 B il AU A, 0% TR N
Aﬁé?&%ﬁem%zeﬁ
Transportation containers (i.e. rail cars, tank trucks, tube trailers) that are

owned by another companyH 71— K A A A KIS EERER CIngig E5,
MEEE, EiEHESE)

. Fixed equipment owned by others that provides critical utilities to plant
processes (e.g. liquid nitrogen systems) Al N A B[ e 5%, NL] L
RPN TRE S (@'Jﬁﬂifﬁ‘fk%é}f)
= Utilize MOC process to keep SCE list current | FH A8 58 & $ I F2 (R FF 22 4 R B R 4406
B IRHT
*  New equipment#H & £
¢ Changein service R 5545 5
«  Decommissioned equipmentil {5% % #%
?.I;I-D;—O PSCI SUPPLIER CONFERENCE O@PSCInitiative #PSCIChinal8 109



Documentation — ITPM &
RAGAGEP
H4-1ITPMFIRAGAGEP

PSCI

Safety Critical Equipment: Fluid Bed Granulator
Ak R IR ATLL

K7 ol 1 0 TR T

PHARMACEUTICAL
SUPPLY CHAIN INITIATIVE

Safety Critical Required interval Procedure or WI| Assigned Comments
Equipment&£3%K| ActivitypfEiELR] B8 RAGAGEP EFZEIIES  Department e
BigE (ITPM) B SEID ’
Explosion Flaps | Servicing by 3 Years Manufacturer’s MI-1 Maintenance | Must be completed
Glatt Recommendation by authorized Glatt
Technician
QASVs N2 Pressure Check | Quarterly Manufacturer's MI-2 Maintenance
bottles Recommendation
QASVs N2 Replace bottles | 3 Years Manufacturer’s MI-2.2 Maintenance | Long lead item
bottles Recommendation
QASVs Trip circuit Annual Company MI-9 Maintenance
function test Engineering
Standard
Broken Bag Calibration Quarterly Manufacturer’s MI-3 Calibration
Detector Recommendation
Grounding Verify ground Annual IEC 60364 Mi-4 Operations
Station
PV-1293 Pressure Test 2 Years Directive MI-5 Maintenance
2014/68/EU

Note: This is an example onlyyE & :

SEPT
19-20
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Excellent Resource PSC' L ARMACEUTICAL
75 1) % U5 SUPPLY CHAIN INITIATIVE

= CCPS publication
o LTI RR R4 (CCPS) HIFRY

MECHANICAL
INTEGRITY
SYSTEMS

| COROM KW
€pPs WILEY

SEPT
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Questions
i) et

SEPT
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P S ‘ | PHARMACEUTICAL
SUPPLY CHAIN INITIATIVE

JRALT 2 B 2 RAE T 45 B B LA

1| 4L 4O
BlE&#H
T FH AR 5 f5 44k T FR 2 5




AGENDA

v IR0 2 R 1 JR 3 A L5
v OR3P T BIAE
‘/ﬁ%ﬁ%)()dﬁylfﬂ@
v T BAAFHIEFE




rarrasanEaggs P OC| e

« NATFAEZERKRE KNS

SEPT
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narrErmnEmney P OC| e
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BIERS DL : PB4

Explosion risk assessment: ATEX Directives

PSCI Capability Building Committee
Process Safety Management Sub-team
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= BRBE=MIE  The fire triangle
= BYETMAY The explosion pentagon
= BIEECKCR S Explosion is more rare than fire

¢
ENERGY M

ENERGY

e
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45 [/ICONFINEMENT FTAIR 71 R ¥)COMBUSTIBLE SH/SAIR
5y R4 COMBUSTIBLE b
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Management of Explosive PSC' PHARMACEUTICAL
SUPPLY CHAIN INITIATIVE
Atmospheres

= YR KR FEZFE N, (HEE GRS Explosion is more rare than fire, but is more

dangerous
FEIRMPE Sudden heat release (flash)
- M Shock wave (explosion)

— SN Missile effects (explosion)
— WA HINO time to escape
= BJj-K Fire protection
- HZUAHIE H Organization
- BHNFB Detection
- KKARG Extinguishing systems
- MNEER Emergency preparedness
= [Ji#% Explosion prevention
— XS5 Risk analysis
— BT AR F IR AAIAEE Avoidance of explosive atmosphere
— /b /B 1R ME RS2 R Protection against explosion effects

SEPT PSCI SUPPLIER CONFERENCE c @PSClnitiative #PSCIChinal8 133
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Explosive Atmospheres of what? PSC' SUPPLY CHAIN INITIATIVE

= SARPTLUESE Gases can explode
— S HE—AEFMEZR  The gas group is an international system
o SAKZH 1A Gas group IIA: H BT K moderately sensitive (FF ¢ methane)
o SAKZH1B Gas group I1B: V&K sensitive (£ /i ethylene)
o SAKRZNC Gas group IIC: HEEVEEK highly sensitive (5. hydrogen, Z.%kacetylene)
= IAIZEVR 2 1% VESolvent vapors can explode too
—  KEBo B 2R T H TR IA . 5 & T 1B
Most of them belong to gas group IIA, some ethers to group |IB.
— RN IR TN S fERS: Danger if T process > Flash Point — 10 K
= B AR 2R 2R XE All combustible dusts can also explode
— JRYENT e S B/ K BE A KExplosion likelihood is linked with the Minimum Ignition Energy
(MIE)
+  MIE > 1000 mJ: 1R i) 1E XK very low explosion risk
o MIE<10mJ: & HIENE XK high explosion risk
— /KRR SR AR EUR KN ¢ The MIE is linked with the particle size.
o YHIRK 2R S AN G Fine particles are more dangerous
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= S T R TN R PR S S 1 TN ) e A M e LR 4 R B AR 2L SR Minimum requirements for
improving the safety and health protection of workers potentially at risk from explosive atmospheres
- HERXREENTER not linked to major risks regulations
-  REETAESFINZ SR Concerns safety at the workplace
= R RTAE A E2SF, ERREAT (08811 atm) AIMASERE (-20%+40 ¢

= Only concerns workplace conditions: under air, at atmospheric pressure (0.8 to 1.1 atm) and ambient temperature
(-20 to +40°C)
= JEEHIEE Y 45Main obligations of the employer:
- BARIERURIEIA R Avoid formation of explosive atmospheres
—  WRAEE, MBS K If not, avoid their inflammation
- WRERE, FREIEBRYERIRZNIF not, limit the effects of an explosion
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= JEEMFHAR X 55 Other obligations of the employer:
- BLPPA XU Assess the risk
—  WAfE L A% 4 Ensure the workers safety
— BSIBEIX Establish a zoning
o fEMEREF, BERK B T BURIETEIR
* Permanent or transient formation of an explosive atmosphere during the
process
o RAMNE R I ] B E AR
* Accidental formation of short time explosive atmospheres
— 5k (F5ECE) Write a report (Explosion protection document)
— R RRTEPIEESR Ensure equipment conformity (Ex class)
= ATEXfE4 MR #: Problems of the ATEX Directive:
- BEXRESHHFRITER It does not give clear indications
—  fRRERE KA ] ANE The interpretation is very country/ company
dependent

igP;’O PSCI SUPPLIER CONFERENCE 0 @PSClnitiative #PSCIChinal8 16



European ATEX Directive PSCl

1999/92/EC
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B X I iR & The signage of hazardous zones:

EX

PATLAYICI ORTAM

Bélge 22

TE W] BETE OB E IR BE IR 7 . N AE N AR R B R b &
“Places where explosive atmospheres may occur ... shall be marked with
signs at their points of entry in accordance with Annex IIl”

FEIX L0 7 200 el TAEVFRE - () 3l K V7 nTHIED

Special work permit (hot work/ fire permit) is mandatory in such places.
KT BT G RIRE A B AR RIR ], HZ e R R 5d = M,
B2 B 4K, Thereis a large tolerance in the form of Ex signage, as
long as it is a yellow equilateral triangle with black letters.

FEWNAERR IR PR X B2 (X481, 2245) Itis advisable to

indicate the nature of the zone (zone 1, 22, etc..) under the sign.

PSCISUPPLIER CONFERENCE ° @PSClnitiative #PSCIChinal8
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The new European Directive
ey PSCl e o

= B S5 WAA RMN1994/9/ECTIE S
= Replaces Directive 1994/9/EC related to equipment
- S5HTBIERSIN R &R KRG KM
— Harmonization of the laws relating to equipment and protective systems intended for use in
explosive atmospheres

—  REIRG RO A BRI R U7 5K
— Importers shall mention their names and contact details

—  WAEAHER . HE ORI 8Y E ) TTE S 21 N 5% Responsibilities are reinforced for equipment
manufacturers, importers and distributers.

- WEPRIRBA % The equipment signage is not changed:

C€ 1180 €x) 12GExdIICT3Gb

= $541999/92/ECHKF A Directive 1999/92/EC is not changed

- WO T RE T IR AR AR SE R 1 T B PR e

—  Ensures protection of workers potentially at risk for explosive atmospheres

138
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EH: EHFWPTE4USA: NATIONAL FIRE PROTECTION ASSOCIATION

— NFPA70: HZFHSARIINFPA 70°: National Electric code ——
— fERIXAE X (5500%%) Definition of hazardous zones (article 500)
o I BIRAIERFNEAEClass I: flammable gases and liquids R AT
o S AK 2 Class Il: combustible dusts mw?;:mm
o B W HBRINAT4ESL K ZiClass |1l ignitable fibers or flyings ® (vEeT gTdE)
—  HAEH TSI RYE AR Protection techniques for electrical or _ Indian Standard
ccronica ipmert
—  IXFPIZEE S NG ATEXSE 2 41l The philosophy is similar to the European ( First Revision )
ATEX Directives
—  FERE SR A B & The main focus is on electrical equipment
EIRE: ATEXZr X 7E LR B A bt R F (¥ India: the ATEX zoning is adopted in 4l
the standards for electrical apparatus L%
—  EPEE/ 1EC 6007945fEIndian Standards IS/IEC 60079
HE s BEERS IS FL )3 BT E / GB 50058-2014
BRIEVESRIRES, BIEVER AN, DARRNETE PR EE Y i ) 3 B et
o PSCISUPPLIER CONFERENCE ° @PSClnitiative #PSCIChina18 139



ATEX/NFPA zonings PSC' PHARMACEUTICAL

SUPPLY CHAIN INITIATIVE

- ST 7 HE AR PR PSR A B 26 A BRI SR PR T REAE:

= They reflect the likelihood of explosive atmosphere in/outside the equipment
: EATLAS LB ER R SR — 2

= They must be consistent with actual operations and conditions

. 2 E RINFPAZY X FE AT B 7K A /A0 R0 ] R A R K PR 45

= The American NFPA zoning does not distinct permanent/frequent and likely

Frequency of ex. atm. K A B A5 Z Permanent T BETE IE 150 R 7 DL (R AN B (]

or frequent Likely under normal P )Rare (accidental or
conditions short period)
SAAEEZER I X 0] 1 2
Zones for gas or vapors
(ATEX)
SRERZEIR M 43 X Class |, Division 1 Class |, Division 2
Zones for gas or vapors
(NFPA)
AR X 22
Zones for dust
(ATEX)
¥y 2273 1X Zones for dust Class I, Division 1 Class Il, Division 2
(NFPA)
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Explosive atmosphere: TR BT T RE I Likely %% ILRare
Permanent or frequent
SMEZRI X 0] 1 2
Zones gas or vapors
MR X Zones 20 21 22
dust

TN A5 il 5 5% 5% T-0/2011) X 35 /Workers shall not be exposed to zones 0/20
= (E1/21IX TAEWZ0A Bi# /Work in zones 1/21 must be secured
= 2/220X F P Kot REk s 1% /Zones 2/22 mainly concern leaks or spillage
= A3 DX B SRR Y XU/ The zoning must reflect the actual risk
— BP0 [X /Avoid “blanket” zoning
= ATEXIX kI 53 A & F1 A & —Fi R F%/The ATEX zoning is not a safeguard per se
- UFUREEARFIH LU i /Technical & organizational measures
- AEM &L TSR R4E AR EEquipment adequacy & maintenance

SEPT PSCI SUPPLIER CONFERENCE ° @PSClnitiative #PSCIChinal8
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ATEX zoning: solvents . PSC' SUPPLY CHAIN INITIATIVE

JRJEI I Explosive 7K A B AT ] HE ) Likely ZZ I, Rare
atmosphere: Permanent or frequent

AR X 0 1 2

Zones for gas or vapors

. G125 28 FP 1) 550X Zone 0 in non inerted vessels
—  Ff, fEHE. Drums, tanks,...
. s TF O JE B N1[X Zone 1 around vessels openings
- JEBREIL: TERUERIEI, BRAE LR RE A T AR
J¥Risky situation: the explosive atmosphere is present
and the operator can create an electrostatic discharge

. %5 X Zone 2:

—  fEF X JE El/Around zone 1 [Zane 1]
—  ARER A MR AL T Where leaks or spillage may [ Zone 2]
happen

142
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ATEX zoning: solvents

= EEES X
= Inertion modifies the zoning

- JEtEL 23 401X Zone 0 in non-

inerted vessel

- Bl 211X Zone 1 in inerted
vessel

PSCI

PHARMACEUTICAL
SUPPLY CHAIN INITIATIVE

Table B.1 — Influence of independent ventilation on type of zone

Ventilation

Degree
. %%EE Validation Grade of High Medium Low
[N N . release Availabilit
- IR BB T A 1K e ———
Zone 2 if inertion is interlocked il °° °°" | orpoor
- j@})—(l‘% é}EXTJ_ ﬁj\ B: ﬁﬁ@j{ E"]%ﬁ u@ continuous (Zone 0 NE) (Zone 0 NE) (Zone 0 NE) Zone 0 Zorle 0 Zorle 0 Zone 0
Premise ventilation strongly affects the R e et e
. g y b (Zone 1 NE) (Zone 1 NE) (Zone 1 NE) 2 ; Zone 1 Zone 1 Zone 1 or
+ +
zont ng YL BB . N N e Non-hazardous® Zone 27 Zone 27 one Zone 2 Zone 2 zone 0°
- Y{ﬂﬁgkiﬁxﬁm E‘J}J_—‘%[Hj Ijil b (Zone 2 NE) (Zone 2 NE) Zone 1
. . Secondary’ Zone 2 Zone 2 Zone 2 Zone 2 and even
Eg: leak in non ventilated room Non-hazardous® | Non-hazardous? Zone 0°
—  Fn#fEEN 60079-10-1/Norm EN 60079-
10-1
SEPT PSCI SUPPLIER CONFERENCE @PSClnitiative #PSCIChinal8
19-20 143
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Frequency of ex. atm. (B /8BTIE LI e AL T B Likely Z= {l,Rare
or frequent
#2243 [X Zones for 20 21
dust

= 20X %4f5|Zone 20 example:
— AR A #Inside the Fluid Bed Dryer
. 211X %5f|Zone 21 example:
— &8 0In the charging booth
= 22[X%f5|Zone 22 examples:
—  TEUREEZR 251 FEl Around the collecting bil
—  EJE HIER 47 After the filters

igPZTO PSCISUPPLIER CONFERENCE ° @PSClnitiative #PSCIChinal8 144
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fe [ DX 35k A HE 52 AR 47 B S % £ i i T B R XU Non protected electrical equipment in hazardous zones

create an important risk

—  HKAET] DL SRR NE 3RS Electrical sparks may ignite the explosive atmosphere
— T RE S SR 42 BRI 7T Overheat may ignite sensitive powders or solvents

VR BT E 7 BE X R 0 A EE 3B R . Numerous norms define the construction requirements to

avoid this:
— kAt BE B Sparks avoidance or containment &
— 2 Tightness

—  AM5EIREEBody temperature (%1073 & B2 455 R /N T-200/% eg T3 means body T < 200°C)

Frpg e T Gk X 3k 15 45 158 The signage defines for which hazardous area the equipment is
designed

—_—
— ATEX Directive: C€ 1180 @ ”m I Gb
= NEC standard: ' Class |, Zone 1,AExd IIC.T3 Gb
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SEPT
19-20

W AU T 43 2. The equipment costs depend on the
class

— R T0IX [ ST T-2/221X Do not use @

equipment for zone 0 in zones 2/22!

FE A AT 5 1 AN BE /K R 1IEThe electrical compliance is
not guaranteed for ever

— R A] LA AR % 4 Vibrations can alter the tightness

—  ZRE{ANS 2 shall not be modified

—  SEREMERG T 9 P [ Integrity check is mandatory
HL A W & AN 2 ME— 1 5] BRYR Electrical equipment is not the
only source of ignition

—  HrH ARSI Electrostatic discharges

— HSRESME, Feh sE % ) Electrical continuity,

grounding are mandatory
—  RAMHEHLEL S IEThermic motors
—  JBEEE, 43R I N Friction, decomposition reactions
LA A U R I, (HIX A 20

Electrical compliance is mandatory, but this is not sufficient.

N
N = 4
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AR, EFIZETR,  HE H AT RRETRY A BETE % X /Gases, solvent vapors but also combustible powders can
create an explosion

ATEX$64-1999/92, E7Efr#" 1. \/ATEX Directive 1999/92 EC aims at protecting workers
%L i Priorities:
— B RNEINEE /Avoid explosive atmospheres
— Bk A5 K/ Prevent their ignition
—  PBRHIERLER J5 S /Limit the consequences of explosion
= ATEXZy[X 23T XU 79 #T 1#)/The ATEX zoning is based on a risk analysis
= X R —ANREER, AR AL . /Zoning is only a risk mapping, not a protection per se.

o T W B R I I 1 S B XU /1t must reflect the actual risk of having an explosive
atmosphere

= SR UIEE M IT HARLF B 4EP /Electrical equipment must be compliant and maintained

SEPT PSCI SUPPLIER CONFERENCE 0 @PSClnitiative #PSCIChinal8 147
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Lunch Break £

=

12:30 — 13:30

AT OF e B R SR, B F 3

1% Shanghai City Bistro

Please take your own belongings and lunch ticket.
The restaurant is Shanghai City Bistro on 3 floor

° @PSCInitiative #PSCIChinal8
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Inerting — Key Considerations in Design and Validation

PE - 72 B T AR IR LR ) SR BV T S 0

Albert Ekin, CSP
Sr. Principle PSM
Johnson & Johnson

9 @PSCInitiative #PSCIChinal8
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Inerting as a Basis of Safety PSC' PHARMACEUTICAL
P > SUPPLY CHAIN INITIATIVE
7 FEARER-TE

Inerting is used to prevent fires and explosions in
processing equipment.

WU T LZW &SR, MBI,

=  Eliminates one leg of the fire triangle or explosion pentagon
= JHRR KR ZAEARE IO R — N R

= Inertingis used where it is challenging or impractical to eliminate
all ignition sources

= VAR T BRI R R VRT3 m i LS ft R 1 0 R

=  The objective of inerting is to reduce the O, concentration below
the Limiting Oxygen Concentration or LOC of the fuel

PEALH H B PRV REE, BRI R A IR EELOCEL T Combustible Particulate

SEPT
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7 FE AR FOR-E L

In general, it is almost impossible to eliminate all possible sources of
static electricity in manufacturing, particularly in processes handling
nonconductive solvents and/or powders

For Example:
— Handling and storage of non-conductive flammable liquids
— Addition of powders to flammable liquids
WE, AR A R RE R AR AN TTRERT, R R AR
3k H A PR/ B
E/UF
— ERAERAE AR T F I R AT A
— R RN 2 5 A

SEPT
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Inerting as a Basis of Safety PSC' PHARMACEUTICAL
) > SUPPLY CHAIN INITIATIVE
7 FE AR FOR-E L

Other inerting applications
= Solvent granulation
= Flammable liquids heated above their flash point
= High speed grinding of combustible or explosible powders

et -
= VAR R g R
= DRI I I T A
= TR AT By R e By R R R
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Commonly used Inerting gasses 75 FH I TE 4L S AR
= Nitrogen &<,
= Carbon Dioxide 5 {L.5%
= Argon "<,
= Helium &K,
= Steam Z&7%,
= Flue Gas JEX,
Selection Considerations 1% 74 & =5 1
= Cost A<
= Availability 7] F %
= Compatibility &1k
= Reliability of supply fit25 ) v 54

SEPT
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+ <.

SEPT
19-20

LOC is defined as the limiting concentration of oxygen below which
combustion is not possible, independent of the concentration of fuel.
It is expressed in units of volume percent of oxygen.

LOCK /R A RSN T RAE, BBeA kA, BRI E
TR, HEAH D HEEIR,

LOC values for many flammable gases and vapors are available in
reference materials (e.g. FM Data Sheet, FM-DS-7-59, NFPA 69)

AR IS5 B Rk AT DL ) B AT R SRR 28R ILOCE . (e
FM 232, FM-DS-7-59, NFPA 69)
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A

= LOC varies with different inert gasses LOC{H 5 A~ [a] 45 14 40 S 44

N2-Air Mixture CO2-Air Mixture

Flammable Vapor LOC LOC
IRFEIR 0, volume % 0, volume %
Acetone i 10 12.5
Ethanol 7.2 9 11.5
Heptane JFifi¢ 10.4 13
Methanol F 8.5 10.5

Adapted from NFPA 69, 2014
= LOC varies with temperature and pressure

= LOC {5 i A IR gt AE AR 4k
= For hybrid mixture use LOC of lowest constituent

= XNTREY, EHLOCHE R

SEPT
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TAEZ%

= Recommended key parameters for system design
= RGVCITES, HEERTEES
*  Limiting Oxygen Concentration (LOC) 1% [[L 2“1/ /£ LOC
+  Maximum Permissible Oxygen Concentration (MPOC)#% K 7t -

A
« Alarm #RZ
 Normal operating level 7 A
= |In practice, a safety margin must be maintained between the LOC
and the MPOC

= fESZT, e REUAL4ERE LOC A1 MPOC 2 |A]
= |mmediate corrective action should be taken if MPOC is exceeded

= I MPOCRRAE, A2 B R B R it

SEPT
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Operating Parameters P S C | PHARMACEUTICAL
N M2 SUPPLY CHAIN INITIATIVE
TAEZ%

= Determination of MPOC
* Foran LOC > 5%, LOC minus 2% - 4% (2% is common), up to a maximum of 8%
* If LOC < 5%, and 02 continuously monitored, MPOC = 60% LOC
* If LOC < 5%, and 02 not continuously monitored, MPOC = 40% LOC

= MPOC BT
« UIERLOC>5%, MPOC=LOC - 2% - 4% (2% ¥ W), f 51 {E.8%:
© AERLOC<5%, [FII A 02 FF 42 I ill, MPOC = 60% LOC;
© WHLOC<5%, KA 02 FFZE IR, MPOC = 40% LOC

SEPT
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Operating Parameters P S C | PHARMACEUTICAL
T SUPPLY CHAIN INITIATIVE
THEZH

= Determination of alarm level & Z 1] % &
* Can be set at MPOC or some margin lower
* Consider response time of the system to avoid spurious alarms
* If not using O2 analyzer, some other parameter is used, i.e. flow or pressure
* Define operator actions and/or automated control response and time required
- A PABEEEMPOCIE B34 Ik — 4
o N T BERS R, P RS AR G NI A
o WERAME A BRI ATRMERERZSE, i, RiE. B
o SCHRAE TR N SRR/ B E 15 2R G e N3 1 A ]
= Determination of normal operating level & M4 /)4 &
* Same considerations as determining alarm level

- [FE

SEPT
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Inerting Methods PSC' PHARMACEUTICAL
- KB SUPPLY CHAIN INITIATIVE
PE T B

Common inerting methods (but not all) & FH ) /57E (EAZETE)

= Initial O, purging #1465 1Y% &
+ Vacuum purging E 25 B #1
* Pressure purging J& /] B #t
- Sweep through purging "X 49 & #t

= Maintaining inert condition 451t
*  Fixed rate addition [& € EALS
 Variable rate addition 1838 FE R LS

SEPT
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Vac

uum Purging P S C | PHARMACEUTICAL
SUPPLY CHAIN INITIATIVE

"B #

SEPT
19-20

Most common
Draw a vacuum to target level and break vacuum with inert gas
Repeat until target oxygen concentration is reached

Equipment must be able to handle the vacuum
0

K L

X R B SR, AR A T
RATHRAE, HEIERE A S RER

B A T B
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Vacuum Purging PSC | PHARMACEUTICAL
- SUPPLY CHAIN INITIATIVE
AT E#H

= Oxygen concentration x, after k purge cycles
= kB, AGEXMITE

= Quantity of inert gas, V,, required for k cycles
= KIRER, PE TR, H T
(PH_PL)VI

Vmh—p—

Note: Equations and nomenclature used in this presentation are readily
available in technical reference literature.

e BRI A A EARE, EASREOR S 25 Sk 2 ] & 2

SEPT
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Vacuum Purging Example PSC' PHARMACEUTICAL
T'T lﬁi%ﬁ’}ﬁﬁ FKJ WIJ _T,; SUPPLY CHAIN INITIATIVE

Assume a vessel initially contains air at atmospheric pressure. Determine the
number of cycles to lower the O, concentration to 4%. A vacuum pump is used
that reaches 0.4 bar absolute. Nitrogen is used to break the vacuum back to
atmospheric pressure.

BUE B BVIEERNT A, KK, RTEBESEER4%. T ELN R
7% JE0.4bar. i A AT E R KT

k
X = xo(—) X,=20.9% 02, P, =1bar, P,=0.4 bar

After 1 cycle, x =0.209 % = 0.084 or 8.4% O,

After 2" cycle, x =0.084 % = 0.0340r3.4% 0,

Therefore, it takes 2 purge cycles to reduce the O, concentration below 4%.
TR, AAREHRRAT DA S ERFERIA% LT .
SEPT
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Pressure Purging P S C | PHARMACEUTICAL
= o SUPPLY CHAIN INITIATIVE
k71 E

SEPT
19-20

Pressure purging is the opposite of vacuum purge, add inert gas
under pressure, then depressurize

Repeat until target oxygen concentration is reached
Equipment must be able to handle the pressure

?ﬁﬁﬁ%ﬁ T EGFA S IR, SRR s A
i

IR AR, HESFIFCRE MR T EER
B I IRAE I K

PSCI SUPPLIER CONFERENCE O@PSCInitiative #PSCIChina18
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Pressure Purging PSC | PHARMACEUTICAL
b SUPPLY CHAIN INITIATIVE
Ik 71 &

= Oxygen concentration x after k purge cycles
= kB, AGEXMITE

P k
)
= Quantity of inert gas required for k cycles
KRB, EHTARRRV, R T 5

(P PV
k HPHL 1

V,=

Same equations as for vacuum purging.

R AXEHEE .

SEPT
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Pressure Purging Example PSC' PHARMACEUTICAL
in 717 %D;:}ﬁi‘ WIJ% SUPPLY CHAIN INITIATIVE

Assume a vessel initially contains air at atmospheric pressure. Determine the

number of cycles to lower the O, concentration to 4%. Nitrogen is available to
pressure the vessel to 3 bar.

BEZBEBVIIEENTR, RAET.. FEBESEREI%. A0 LT3
3bar,

k
A‘k:xo(P—H) Xo=20.9% 02, P,=3bar, P,=1bar

After 1 cycle, x=0.209 % = 0.070 or 7.0% O,

After 2" cycle, x =0.070 1) = 0.0230r2.3% 0O,

(3)

Therefore, it takes 2 purge cycles to reduce the O, concentration below 3%.
W, B E 2R DL S R RI3% LT,
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Example Volume Calculations PSC' PHARMACEUTICAL

f= = =T SUPPLY CHAIN INITIATIVE
RAHEIH

For previous examples, assume the same vessel with a volume of 1000 L.

R H B B3, BOE = A A Dy 1000L.

il

For vacuum purging 2 & #

1-04
v=(2)( ) ! (1000) = 1,200 L of nitrogen 5 £ 1200L%("<,

For pressure purging J& /1 B #t

(3-1)

V=02 g

(1000) = 1,333 L of nitrogen 75 #1333L%A

SEPT
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Sweep Though Purging PSC | PHARMACEUTICAL
nk j:zl E‘ig;zl:ﬁ% SUPPLY CHAIN INITIATIVE

= Inert gas is added at one opening and vented at another )
opening, “sweeping out O0,”
= QOpenings to be as far apart as possible

= Commonly used when equipment is not rated for
pressure or vacuum

= |Inert gas is added and vented at atmospheric pressure

= ERAEMN—AIFEEE, B EH, R
=ik IR HE R o s sk 7

= GEE T A KL, AR EEHR T
PR A KRR T

SEPT
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Sweep Though Purging PSC | PHARMACEUTICAL
nj—»\ j:zl %ﬁ‘j:ﬁ% SUPPLY CHAIN INITIATIVE

= Assuming perfect mixing
e R TERIR G

C
t=Vin| =
o= (g
= However, perfect mixing Is normally not attained, a
correction factor K is used
- (R, SESEINRA LR IR, TSI
I R K

V&

Or 7 Zn( Cz)

= Appropriate K factor is based on geometry of
equipment

= e SR I R BT R 45

SEPT
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Maintaini I ti
e PSC

= Fixed rate addition
* Inert gas added at a constant rate and vented
* Constant rate must meet peak demand
* Orifice plate typically used to set flow

= [l E A
o PEA AR DUE E s E A FHE
o E R T AR A ZTH A2 A& B K 7 R
o FLARE R E AT E

ﬁ

SEPT

N2 Supply
—

Orifice Check

Valve
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SUPPLY CHAIN INITIATIVE

02 Analyzer/Alarm
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Maintaining Inerting PSC' PHARMACEUTICAL
vt SUPPLY CHAIN INITIATIVE
AR5 15 1

= Demand rate addition
* Inert gas is added at a rate equal to demand
* Maintain constant pressure
* Addition capacity must meet peak demand
* Pressure controller used to set flow

* 02 analyzer can be used to increase inert gas flow 02 Analyzer/Alarm
if needed

Uses less nitrogen

" *E?E F RIS N2 Supply " ”””””””
PEI A 1'4‘1‘@?}?5 7 RS Contol Check
o WARYERFIEE K
R KR
o R i A SRR T e AL SR
o AR HTACRT BRI IS A A B IR R —
- AAHESED
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Design Considerations PSC' PHARMACEUTICAL
VIL ST Y. e 7 SUPPLY CHAIN INITIATIVE
WETH T = 5 I

= Consult an expert

= KWL F

= Perform risk assessment (i.e. HAZOP) on design prior to
implementation

= (EEHETN T BSOS 23 (4, HAZOP)
= Reliability of inerting system based on risk assessment or LOPA
= BT R HTELLOPARR 3K, it E b R G m S

* Integrity level %M

* Levels of protection {&#" 22k

+ Redundant backup may be needed U % i1

SEPT
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Design Considerations PSC' PHARMACEUTICAL
VIL ST Y. e 7 SUPPLY CHAIN INITIATIVE
WETH T = 5 I

SEPT
19-20

Maintaining inerting during powder addition to vessels needs special
consideration

Centrifuges processing non-conductive solvents require special
consideration

Inerting gas supply quantity and reliability
FESOINE A LS %‘&%ﬁﬂ%ﬁ?ﬁnﬁéﬁ% &4k
O LR H AR IR, 772 n % E
YA TR R R E AT A FEE
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Testing and Verification PSC | PHARMACEUTICAL
ST vy - y SUPPLY CHAIN INITIATIVE
N A 56 Ik

Initial Verification #J4HL6IE

SEPT
19-20

Completed before introduction of hazardous materials

FEINNSGREA) i 22 HiT 76 B
Leak check of system
RS SRR
Qualification document il A4
* Verify equipment installed as per design
o IR UE TR A R IR T 2 3
* Verify target O2 concentrations are achieved
o ISR HARH A S ER T AT LASEIL
Training 551/l
Procedures F£ 7 #l €
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Testing and Verification PSC | PHARMACEUTICAL
ST vy 5 SUPPLY CHAIN INITIATIVE
I K A0 56 E

Verification during operation 7E 5 /E i F2 Hh 86 41F
= Oxygen monitoring . & & Wl
= Validated procedures B XX I FE
= Other operating parameters to verify MPOC not exceeded
= FH RS RBRAE S HOR IS UE A B IE MPOCIR
> Flow Ji=
* Pressure £ /)
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Testing and Verification PSC' PHARMACEUTICAL

R W AT

SUPPLY CHAIN INITIATIVE

Verification during operation £ #/E i F 36 41F

SEPT
19-20

Oxygen monitoring . & = Wil
+  Continuous 722 M
« Scheduled [] g W5
+  Random BEHLIR
* Analyzer Compatibility with gas environment
o S RPN %S T BT SR B 5
Pressure indication 1514544 & 771525k
Flow indication 184S & 15241
Vacuum indication B %5354k
* <100 mbar absolute, continuous O, monitoring not needed
o Hi%) s J1<100mbar, AR E AT R A S & R
* <50 mbar absolute not capable of supporting combustion
o Zi%}IE F7<50mbar, Toik SRR
Following a validated procedure with no means of verification is discouraged

DRI BREFFERIE, MBRAHITRIERA D1
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Management System PSC'

BEHRG

PHARMACEUTICAL
SUPPLY CHAIN INITIATIVE

A documented management system is critical to ensure the
inerting system continues to function properly

Iﬁiﬂcﬁﬁ THARG, B RRRE

SEPT
19-20

Basis of safety 743 A}

S IR RIS AT HY SR B

Design basis and calculations (including key parameters, i.e. LOC)

B AR AL (A SCEESE, Wioo)
Required level of integrity

i B ) e B SR

Verification procedure (initial and ongoing)
WAERER (HIER A = ek i v
Maintenance and inspection Procedures
drip Ak AR P

Training 55 1)I|

Annual Management System review process

FEEHE ARGV H

PSCI SUPPLIER CONFERENCE O@PSCInitiative #PSCIChina18
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Other Considerations PSC'

HedF=HEm

= Inert gases are asphyxiants

Evaluate hazard of potential leakage in surrounding area, ensure
adequate ventilation

Consider area oxygen monitoring with alarm

Employee training

Emergency procedures and equipment to respond to oxygen
deficient atmosphere

Strict adherence to confined space entry rules

Labeling and signage

= R E BRI

SEPT
19-20

PRI R ARt e, R DX I AR RS, DR 2 8 3 X
2 i DX A DA

J\Iin 1}”

PO 77 S P VAN iy L - AP S B

PR R S 52 R 2 ) i N A )

PR AR

PSCI SUPPLIER CONFERENCE ° @PSCinitiative #PSCIChinal8
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SUPPLY CHAIN INITIATIVE

NITROGEN

PRESENT

ASPHYXIATION HAZARD
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Other Considerations PSC' PHARMACEUTICAL
PRSI SUPPLY CHAIN INITIATIVE
HedE=EHEm

= Vent exhausts to safe location

= HEFRHR R 2 e X NITROGEN
, , ASPHYXIATION HAZARD
= Cross connections between inert gas and other PRESENT

utilities are not allowed

= ANA]LURHE A AR 2 B SRS SO
= |solate inert gas from process with check valve(s)

1R W TN ] S (R R 2 N B
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Recommended Resources PSC' PHARMACEUTICAL

S S N I SUPPLY CHAIN INITIATIVE
HE 17 55 R

Factory Mutual data sheet FM DS 7-59

“Inerting and Purging of Tanks, Process Vessels, and Equipment”
= NFPA 69
“Standard on Explosion Prevention Systems” Chapter 7

= EN 50271

“Electrical apparatus for the detection and measurement of combustible gases,
toxic gases or oxygen”

= EN 50204
“Performance Standard for Oxygen Measurement System”
= UK HSE Codes

SEPT
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Questions

SEPT
19-20
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P S ‘ | PHARMACEUTICAL
SUPPLY CHAIN INITIATIVE

B £ B - St R PR R B
R

Angelo Chinni, CIH, CSP

Manager, Industrial Hygiene & Safety
SAFEBRIDGE Consultants Inc.,

A Trinity Consultants Company

Chao Wang
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Potent Compound Program Management
=R SV H &

What Does It Take to Manufacture Potent Compounds?

AL E VI IE T E AT A

Case Examples of Containment

e 5 42 il = 451



SafeBridge Consultants, Inc. PSC' PHARMACEUTICAL
- A Trinity Consultants Co. PUPPLTCHAIRIITIATIVE

= Group of environmental, health and ™ ESN ORI R

safety professionals with expertise in: il

— Toxicology — e EE R4

- :—lzalt? .arlulzlqsa.fety _ TP

— Industrial hygiene N -

— Analytical chemistry ﬂ*ﬁ%i

— Occupational medicine B %‘%%% ‘

— Product safety and risk assessment — PR AR AR DA

— Developing programs to recognise, — HETHRICLR A, SRS A % 5 R 2y
evaluate and control occupational Y R 2 55

exposures to potent pharmaceuticals . %U%ﬁé%nfﬁ%%ﬂ\l@

= Expertise is in pharmaceutical safety P L
and health consulting = [HEIEX . 42490, =A4EE

= Offices in SF Bay Area, New York City, LM FIRKIM AP A Z; INE K20 %
Pennsylvania & Europe; also staff AL skegh M BRI tHA TAF

located in Toronto, Canada and N

Raleigh, NC ‘_J\ ‘
= Trinity Office in Hang Zhou = BN A=E
SEPT
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e PHARMACEUTICAL
ﬁ%”}ﬁ%&ﬁ[’f{ﬁ#@%%’ﬁ“& ? PSC' SUPPLY CHAIN INITIATIVE
Common Question from: %ﬂ)—['_‘ I‘Eﬂ %EEI% E :
— Contract Manufacturing 2 A
Organization (CMO) - Al (eMOo)
— Contract Research Organization — WFFAHLF) (CRO)
o — IS
— Analytical Laboratories
Manufacturing and R&D: il 1& 5 R&D:
— API Manufacturing (Chemical _ APle'JfE:T (4%%/5\52)
Synthesis) L i
— Pharmaceutical Oral Solid - ?’Jq@ IEIEI—?:{Z]K%IJ)SICU CH
Dosage (tablets and capsules) ;M*ﬂﬂj&%)
— Sterile Injectables - %/f%ﬂ?ﬂ]

— Creams, Gels, Patches ol 2 _ .
— FUiF Bk 5

SEPT PSCI SUPPLIER CONFERENCE °@PSCInitiative #PSCIChinal8 185
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wammmis o POC| e

GHIB R

Common Questions to T%L'g'uﬁ/‘] % SafeBridgelf!
SafeBridge : 1] L

= Do | have the right facility? o A I B ?

= Do | have the right controls? A 1L A3 i e 2
= Canljust put my employeesin = &THR%TE{&E’] T

airline respirators? JBAEHES iﬁ“}”&%ﬁﬁnzﬁ ?
= | want to manufacture " uﬁ?'Jl_Cat oryﬂZ
Category or Band 4 Material — Band 4418} - Fe ] PALE
can | do this in my facility? L] A= ?
= How do | make <Potent = A S <E Y
Compound Product> safely? 1A >R 22 42 2

SEPT
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yaj \j% A ? P S C | PHARMACEUTICAL
ﬁtl: { ) ’ I~ SUPPLY CHAIN INITIATIVE

A Comprehensive Program is required to
safely handle potent compounds.

i B PN T I FE R R A P
R G

SEPT
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= A A E X

= An APl or pharmacologically active
intermediate with a therapeutic dose at or
below 10 milligrams;

= An APl or pharmacologically active
intermediate with a SafeBridge OHC of 3 or 4;

= An APl or pharmacologically active
intermediate with an Occupational Exposure
Limit (OEL) at or below 10 micrograms per
cubic meter of air as an 8-hour TWA;

= An APl or pharmacologically active
intermediate with high selectivity (i.e., ability
to bind to specific receptors or inhibit specific
enzymes) and/or with the potential to cause
cancer, mutations, developmental effects or
reproductive toxicity at low doses; or

= A novel compound of unknown potency and
toxicity

Note that ALL Pharmaceutical Compounds need to
be handled with proper controls and procedures —

even “non-potent” compounds have health effects.

P S < | PHARMACEUTICAL
SUPPLY CHAIN INITIATIVE

= TR TET102 5,

= SafeBridge OHC ~38k4;

= U BEFERE (0EL) MFET
1005 /S )7 K2, 8/NTWA;

= A SR B R APIER 24 B 22 E
PR RA CRI &5 AR5 52 AR B
HilRE B B RE 1) A/E R A TE
IR E T ol EE , "%, K8
RAON B A B 7 1 )

= —FRENRI A EE RS

IFILE P 2991 & i Hd
L& =G FIFE 7 T 2 2 - BT
1t “JEET AL E ST R
SR o

SEPT PSCI SUPPLIER CONFERENCE °@PSCInitiative #PSCIChinal8 188
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K R FAEL2E 71

= Recognize the Hazard

Occupational Health Categorization (OHC)
Occupational Exposure Limit (OEL)

=  Evaluate and Control the Risk

Use advanced engineering controls due to
unique toxicity and potency

Select/Design Controls appropriate for risk
Develop Procedures

= Verify the Controls through Measurement

i.e. Surrogate Monitoring

=  Industrial Hygiene Monitoring - API

Develop Quantitative Tools to Measure
Worker Exposure

=  Other Program Elements

Medical Surveillance/Reproductive Health,
Cleaning and Maintenance, Waste Handling
and Disposal, Training

Apply similar approaches to Quality
endpoints to prevent cross-contamination

SEPT

19-20

PHARMACEUTICAL
SUPPLY CHAIN INITIATIVE

PSCI

NREIEE

— HA#FE 525 (OHO)

— PO REFER{E (OEL)

PP A 1] XS

— TR, Al et
1) T AR

— IRPR/ETEIE A KU 4

- HlEEF

piipunl b= hanl

— RPN

Tk PA: WS - API

- FREMHTHREE T NZEEE

HABTHRIZER

- BEITIRB /AL, ISR,
EIASTRAIALE, B

X ot B AR B I SRABA 1 5 925 BA B 128 X5 4
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P S < | PHARMACEUTICAL
SUPPLY CHAIN INITIATIVE

Recognize the Hazard

WREEH

SEPT
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PS5 i B B /8070 93 2R P S C | PHARMACEUTICAL
(SafeBridge/ﬁ%é}E) SUPPLY CHAIN INITIATIVE

Occupational Health Categorization (OHCs) and

Handling Practice System
B f e 5> 2% (OHCs) FIALBESZEE R4

— Category 1: Low Toxicity k&4
OEL >0.5 mg/m3 (aspirin)

— Category 2: Intermediate Toxicity &£
OEL 10 pg/m?3 - 0.5 mg/m3 (insulin, oxycodone)

— Category 3: Potent =% (default)
OEL 30 ng/m?3- 10 pg/m3 (estradiol 17-B, paclitaxel,
fentanyl)

— Category 4: Highly potent JF 7 5%
OEL < 30 ng/m?3 (nafarelin, leuprolide, sufentanil)

SEPT
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HAN g R 7 28 (42l v [ D

BANDING CUTOFFS 2016

PHARMACEUTICAL
SUPPLY CHAIN INITIATIVE

a+

6
I

S5s¢
I

AN I N T RN

—— CasE by Case
I

w

6

3b

1 — 4

12 [ ——

13

14

15

16

17

18

19

20

21

3b

3b

3b

23

24

25

26

27

28

29

30

3

32

a3

34

35
26

28
39
40
41
42
43
44

HPot

—

— 2

f—

—

— 1D ——

—

— 2

— 2

— 2

1 —

— 2

— >

— 2

Int Tox

2b

0.001

SEPT
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HH T P S C | PHARMACEUTICAL
OHC - E =z ﬁ ﬁ SUPPLY CHAIN INITIATIVE

* Understand the Banding / = THRFBAREE/ KRS

Categorization System Used

— If Customer says “This is a band — WMERE UL “ﬁ%?ﬁ.j@%
or Category 3” don’t assume you 7 3 R R R
know what that means. Ask fg?’ ’ W"Tﬁ{&;x“%u
guestions, get the baseline EWEM 4. BN, 3R
information used to make the HE = E, DE#MEES
decision. Make your own
judgments and decisions. ) I A AR 5 E

m D(_evelop_System for your organization s O E XTI R REGE L%
with defined Criteria for setting the

categories. =il
= Use an experienced Occupational » AT FERNY ST S 58 sk
Toxicologist to set the bands or UL e b g
categories. BB Y B
— Want to get band “just right”. — AEIFTEE “PABEALT . A
Not too conservative to limit -
manufacturing flexibility but still IR AR ST 1 PR i) i) 3 R 3% 1
be protective of worker safety. B REARY T A ﬁ%o
SEPT
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P S < | PHARMACEUTICAL
SUPPLY CHAIN INITIATIVE

A40/N I A IS Ta) B8R 3 2 Bk ) R 42 320K

% 25 OELs Il 1

HAL T HEWEL, OSHA PELEXACGIH TLV

Drug/Material OEL L
Naproxen (NSAID) 5,000 pg/m3
Nicardipine (cardiac drug) 400 pg/m3
Isotretinoin (Accutane for acne) 5 ug/m3
Paclitaxel (anti-cancer) 0.8 —10 pug/m?3
mAbs 1->100 pg/m3
Fentanyl (synthetic opioid) 0.7 ug/m3
Thalidomide 0.25 ug/m3
17 estradiol (natural estrogen) 0.1 ug/m3
Ethinyl estradiol (synthetic estrogen) 0.035 pug/m3
Camptothecin (anti-cancer) 0.03 ug/m3
Nafarelin (peptide hormone) 0.001 pg/m3

PSCI SUPPLIER CONFERENCE O@PSCInitiative #PSCIChina18
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P S ( | PHARMACEUTICAL
SUPPLY CHAIN INITIATIVE

Evaluate and Control the Risk

TPA 0142 ] XU

SEPT
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B 5 5 i 2 PSCl mnceomen
1. Inhalation "2 A

2. Dermal Absorption (ASLs) 7 Bk &

3. Ingestion & A

4. Inadvertent Contact with Skin & Mucous Membranes

o I i S JHRRTOR i

Exposure Pathways
Source — Pathway — Target
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SUPPLY CHAIN INITIATIVE

m Bﬁ - TJEE ?&E j( m I}ﬁ EI(J %l% P S C | PHARMACEUTICAL

SEPT

19-20

Physical form of the material

Labor intensive steps
— manual transfer of materials
— weighing active materials

High energy operations

— milling, sizing, fluidising,
spraying

— over-pressurisation

Poor work practices

— carelessness or lack of
awareness

Cleaning and maintenance

operations

PSCI SUPPLIER CONFERENCE ° @PSClnitiative #PSCIChinal8

PR T 2

57 SRR IR
— FENER AR
— REIEHEYR

= Re AR

— WFEE, LI,
— &%

TR R

— MO EEEZ FH

TG A YES AR

Ak, TR
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}'ﬁ_'i FEIJ - 5 f@ Bﬁ\ 7|‘H 9\% ﬂ% PHARMACEUTICAL
(OHC / OEL) PSC | SUPPLY CHAIN INITIATIVE

= Facility Design 1 Jifi 5% 11
= Ventilation i X
» Gowning/Degowning JiiF A/ 2 Ak

= Engineering Controls _L F£ % |
— Controls — Hoods %l - 5| % 535
— Containment — Enclosed process, Isolators

B - BRI RE, B e
= Work Practices SZFrffE

= Gowning / PPE J& 1% Ji/PPE

SEPT
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= Negative differential air pressure in processing

i 3 il e &R

rooms relative to surrounding areas.

= Room air locks/anterooms are recommended

= Recirculation of air into non-production areas is

® Provide an air pressurisation barrier
® Serve as a gown/degown area

not permitted

=  HEPA filtered room air exhaust should not be

recirculated
= Designated areas should be posted with

appropriate notification and hazard warning

= Segregate personnel and material/equipment

= Controlled access to the work area is
required.

flows

= Locker rooms and showers contiguous with
processing/work areas are recommended for

manufacturing suites.
= Air showers are not recommended

=  Mist/water showers are preferred and
recommended.

SEPT
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AR F A G T ] el X3 AU 22
B HE NS ABYETE

o PR SN B R

= VE A IX I,

AR B S S A B TR A = X I
%MLﬁiWWPﬁTTEﬁH
8 DX IR 5K G 38 Y )i A A G
l}/\““dtﬂ:

= TR TAEX AT 52455 1)
8BS N AR R £

SR T/ TAE X 5 5 A = Ak
T RIAHAR .

AN Rk =

5% 55 [ KRS 2 B I T HERE
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=
" Process containment MRS
T i wolators {equipped /B ¥ (ML4RTP)
— bag techniques (bag w/in a — ALAEROR (43484%)
. baj) f = B RS
= Closed transfer systems B o fes
— vertical process trains ﬁﬁui‘fﬁuim
— intermediate bulk containers — TR A (IBCs)
(IBCs) o L HIERASAIE]]
* specialised connectors and (SBVs)
valves (SBVs . ,
o elves BBYS) . A
Ventilated enclosures R
— powders weighing hoods — A AP L R
— enclosures for subdividing, — HTH5y, ER, Two
filling, sizing 1) T B

ingTo PSCI SUPPLIER CONFERENCE °@PSCInitiative #PSCIChinal18 200
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SEPT
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SUPPLY CHAIN INITIATIVE

= Powered air purifying respirators (PAPRs) ] /] 75K,

{FALIPIR 25

® With combination cartridges

oA A R

® Hood covering
G R

= Skin protection JZ I AR$"

e Tyvek® coveralls and sleeve covers

Tyvek® LAE R A&

® Booties

LA

® Double gloves
WET &

iSPZTO PSCI SUPPLIER CONFERENCE o@PSCInitiative #PSCIChina18 204
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SEPT
19-20

s I S B B 0 PDISI(C || mrremen,

Movement of material into and out of the control /
containment

Cleaning of work surfaces

Proper use of controls

Use of control for purposes designed
PRFE A2 ] /R B e B

Ein ARG

T 45 FH 75

Kz H T3t B

PSCI SUPPLIER CONFERENCE ° @PSClInitiative #PSCIChinal8 205
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Verify the Controls through
Measurement

18 1o 0 B B

SEPT
19-20

halpaRrS

PSCI SUPPLIER CONFERENCE ° @PSCInitiative #PSCIChinal8 206



~ — > . S PHARMACEUTICAL
%_L)i %U/B'% I%%J E[l\/ﬁ -[/IE P S C | SUPPLY CHAIN INITIATIVE

= Surrogate Monitoring

= Factory Acceptance Testing

= Site Acceptance Testing

= Statistical Analysis

= Comparison to Control/Containment Performance Target (CPT)
- BRI

= T S YSet

= JL37 5 St

= Giitorh

= PEl/BEE RS (CPT) HELAR

SEPT
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Industrial Hygiene Monitoring — API
Nk DA - API

—

SEPT
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fi B 5 52 4 Tl
T 5 A

Requires sensitive air sampling
analytical methodology

— RIA, ELISA, HRGCMS
— goal is to detect 10% of OEL in 15
minute sample
= Task oriented monitoring

— identify worst case and
representative cases

— careful observation of controls
and work practices

= Data analysis

— calculate and compare to OEL or
CPT

= Report and Recommendations
= Periodic reassessment

SEPT
19-20
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i EARURR B A SRR M 5 Tk
— RIA, ELISA, HRGCMS

— HbrE e 80 N A 10
% 1'JOEL

T T A 55 A M A%
— B AR OUAACR T 2 B
— A IR AR SE

G T i)

— 153 50ELERCPTiH T EL Ak
et A
SE W T VRS
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Preferred Sensitivity B i R /E

Principle/5i¥f:  Quantitate 10% of the OEL iga 15 minute air sample
FEL5 73 B B 25 SORE i E 510 %6 B OEL.

Assumptionsfizi%: Sensitivity in ng/filter;
Sampling rate = 2 L/min; and
OEL=0.5 pg/m3

Sensitivity % B :

(0.1) (0.5 ug/m3) (1000 ng/ug) (2 L/min) (15 min)

1000 L/m3
=1.5 ng/filter
ig?;o PSCI SUPPLIER CONFERENCE °@PSCInitiative #PSCIChina18 210
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— Medical Surveillance/Reproductive Health
— Cleaning and Maintenance

— Waste Handling and Disposal

— Training

— [T B A T i
— JHVE AN 4EY

— JREWPRCFRANAL B

— EHl

SEPT
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Case Studies — Examples

E S0l

SEPT
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= Pin Mill Technology

=  “Hand Scooping” to load mill

= Poor/No Containment

= Milling in small room with low air changes

= “Product Recovery” sweeping bags from dust collector
using a hand broom

= Exposure Exceeded Maximum Respiratory Protection
(> 1000x the OEL)

— OEL =1000 ug/m3

= EFEHAR
= TR OMEENL
= E/TkRE
= FEERARAENEI N 5 RN BT

“REEm BT R FR RS MRS TERST
Tk 2 BRI AR YT (> 100015 0EL)

— OEL=1000ug/m3

SEPT
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P S ‘ | PHARMACEUTICAL
SUPPLY CHAIN INITIATIVE

Logprobability Plot and
Least-Squares Best-Fit Line

)
\E,/

e

1 100 cond@9PQion 1000000

190000
165000
140000
115000
90000
65000
40000
15000

-10000 -

Milling Example

! = Initial Study

1 155392
1 136820
1 132911
1 119525
1 112595

1 98377

50468
2292

! = Follow Up Study

4
7307
6298
5255
2681
2434
2390

1234567 8 91011121314

Intervention: Improved local exhaust ventilation and cleaning
practices. T-Til: 3 /) HRARIE KNG v A

(~ 80% reduction in mean exposures, ~ 60% reduction in 95 Percentile)
CF 53R £980%, 95 H /A /> £160% )

SEPT
19-20
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= Previous Example: (Non-
Potent)

E—A Bl (ER RO

= Potent Handling:
(Needs More'”)

SEPT
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SUPPLY CHAIN INITIATIVE

Zippers

Total Height With
enclosure and top frame =
~9FT

Support Cart
Concept -
Final design will

Discharge
have Handrails Connection
wheels, and TBD

enclosure support
top frame

Mill Legs Increased

/ 18 inches

verPac

Containment

. Systems
P, PSCISUPPLIER CONFERENCE o @PSCInitiative #PSCIChinal8

216



PHARMACEUTICAL
SUPPLY CHAIN INITIATIVE

verPac
(Wm Assembly Not Sealed
~ Systems

SEPT
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Wt B%- Over Drive Comil SRR AT AT

DoverPac®

Mill

Transfer
Sleeve

Canister matches

S mill interface

@verPac"
. Systems

SEPT PSCI SUPPLIER CONFERENCE O@PSCInitiative #PSCIChinal8 218
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. . P S C | PHARMACEUTICAL
Wt B%- Over Drive Comil SRR AT AT

Location 2 B Sample
Time (min.)
| I
f Area Sample: Milling Located at 7 <0.076
: | glovebox
BB BIEATEEA
e Operator 1 Breathing Zone 7 <0.072
AR BRI X
\ i Area Sample: Milling Located at 7 <0.074
R glovebox
= XIHEfh: R FFEM
*l‘ . Operator 2 Breathing Zone 7 <0.074
ERAE G20 X

verPac’
Containment
Systems

iSPZTO PSCI SUPPLIER CONFERENCE O@PSCInitiative #PSCIChinal8 219
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verPac’
Containment
Systems
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Lactose 0.1120-0.010§ 0.0026-0.0027

Granulator

Granulator Lactose 0.0247-0.300Q0 0.0027-0.0331

Drying Lactose 0.0395-0.0414 0.0026-0.0028 Operation
Oven (2)

Drying Lactose 0.0142-0.0630 \0.0026-0.0037 Cleaning
Oven (3)

Containment
Systems

iZPzTo PSCI SUPPLIER CONFERENCE °@PSCInitiative #PSCIChina18 21
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= UNLOADING IS
MANUALLY
PERFORMED
OPENING THE
CENTRIFUGE
AND
TRANSFERRING
INTO DRUMS

. EIERE TR
IEFFIE L
IR FIT

SEPT
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= UNLOADING IS
MANUALLY
PERFORMED
OPENING THE
CENTRIFUGE
AND
TRANSFERRING
INTO DRUMS

= ElEe FEk
TETF G DAL
H R Z A

@V@I’ Pac
> Systems

i';PZTO PSCI SUPPLIER CONFERENCE °@PSCInitiative #PSCIChina18 223
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verPac
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(253t )

BTL Glovebox FE4H:

= Compound is a gonadotropin-releasing
hormone agonist (GnRH agonist) with
an OEL of 1 ng/m3.
&P R A M R T R T8O R T 71
(GNRHIENF]) , OELA1ng/m3

= Old containment could not adequately

protect employees and breaches led to
surface to surface contamination.

|F ) o B 45 I e V2 78 0 DR P O AN
FAT N, BSR4

Courtesy of Corden Pharma
HiCorden Pharmaf2fit

SEPT
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https://en.wikipedia.org/wiki/Gonadotropin-releasing_hormone_agonist

012 DS menemer
(St

Courtesy of Corden Pharma
PSCI SUPPLIER CONFERENCE 0 @PSClnitiative #PSCIChinal8 227
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REPORTED

SAMPLE DURATION CONCENTRA | ESTIMATED 10-HOUR

OPERATION | TYPE SAMPLER LOCATION ! TIONL TWA3

(minutes)

}ET%{"E 4‘$un7c 1‘$5‘ﬂﬁ§ Hﬂ' K ﬂi /7{% }_L .
il (ng/m?3)
(ng/m?3)?

ffi11107/NEF TWA3

Personal

Sampling Partial Personal breathing zone.  69.5 50.0 5.79
and Period
Packaging at
Glovebox [N Pump placed ontop of — _, g 6.0 0.71
Glovebox
FEBIX
=R
Area Pump placed on chairset 19 3.1 0.098

Courtesy of Corden Pharma

o 30 PSCISUPPLIER CONFERENCE °@PSCInitiative #PSCIChina18 228
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REPORTED
SAMPLE DURATION CONCENTRA | ESTIMATED 10-HOUR
OPERATION | TYPE SAMPLER LOCATION Nralliies) TION TWA
. flith 107N TWAS
LT > [ ~
1RAE 1;$|:|n7< = VA= A Ak E .
bill (ng/m3)
(ng/m?3)
NAF-9 On top of CPU located on
Humidificatio Area desk in laboratory. 88 10.3 1>
n at
Glovebox Area Pump placed on chair set 83 6.8 0.94
RA-BTL-GB1 off the Northwest corner.
Cassette on bottom West
FEFEBRA- Area corner of drying rack >8> %38 94
BTL-GB1fY
NAF-9/IiE
IOE Area Pump placed on top of 82 257 3.5
Glovebox
Courtesy of Corden Pharma
SEPT
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(0 JE)

H AR ] 245 2 ] S i

SEPT  pbsc| SUPPLIER CONFERENCE O@PSCInitiative #PSCIChina18
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(it ) )

F AR ] 245 2 ] S i

SEPT PSCI SUPPLIER CONFERENCE °@PSCInitiative #PSCIChina18
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N2
(BBt )

Engineering
Operation

#fE

Control:
TR

Package NAF
9

Package NAF

RA-GBX-BTL 9

Package NAF
9

19-20

PBZ

PBZ

PBZ

PBZ

PBZ

Sampler
location

202.0

203.0

83.0

83.0

129.0

129.0

Duration
(minutes)

599.8

600.5

245.3

244.4

384.2

382.2

PSCI

Reported
concentration

MEWRE (Ng/m?)
1.3
0.90
0.413
0.413
0.58

0.26%

H R B 1 24 2 ] e 11

SEPT  pscl SUPPLIER CONFERENCE O@PSCInitiative #PSCIChina18

PHARMACEUTICAL
SUPPLY CHAIN INITIATIVE

Estimated 10-hour
TWA
{5110/ Eftwa3

0.36
0.25
0.0473
0.0473
0.10

0.0703

232
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E,nl
S

AT ZRUF LA R MU X s PR L T 7 B A s

Scott Patterson —ILC Dover
www.ilcdover.com

Amy VanAntwerp
Corden Pharma Colorado, Inc.
www.cordenpharmacolorado.com

SEPT

19-20 PSCI SUPPLIER CONFERENCE O@PSCInitiative #PSCIChinal8 233


http://www.ilcdover.com/
http://www.cordenpharmacolorado.com/

#ie 7]
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Typical Containment Solutions and Performance
B 22 PR fig R T R 5 18 i R

SPEAKER NAME: Junbo Zhao
TITLE: EHS Director
COMPANY: Porton Pharma Solutions Ltd.

W N RREW
BHAZ: EHS &5

A F s R T I R 24 B A R A

9 @PSCInitiative #PSCIChinal8



AGENDA X &

Controls Hierarchy =B
IH Assessment Flow TY R4 1FLTIE

Typical Operation Performance B1BYEa iR 1’E}eﬂ§ﬂ,&%

Controls Examples =75 3ESE61
Engineering Enhancement TiEgiE



About PortonFXFtaEpE PSCl e

Vision|&=- Mission{§#n:
To build the world’s leading Pharma Solutions platform, enabling the transformation Help people live long and healthy lives!
of molecules to medicines with continuous improvements in speed and cost
AR ARS TS, LT ERENRESZEE ERE—X, BE—BF!

Founded in 2005, Porton is a top-tier CDMO company with 4 R&D centers + 3 Sites globally, who reliably helps global
pharmaceutical & biotech companies more efficiently deliver improved health outcomes across the whole drug life cycle
through End-to-End API development and manufacturing solutions
BREEHIZRHR D BIRARIRIZI T 200558, ELEKBEEINMALRTL, 3PME-Eitt, B —FIRREMMRES
BEHZGARMEDHIZS A SR ELS FEA R RRESESI A LIRSS (CDMO) RIEFTHAREL
NEBKHZS R E PR EIRIAPIFFRFEFIRSS

API Process R&D Analytic Development Crystallization Solution Process Validation APl manufacturing

ISHREFLERML BRBERR HYEREAR = [RHEEF=

GLP Operation Method Validation High Potent Handling Biotransformation Flow Chemistry

GLP&E= SR EIIIE St RE R YRS RA ELERBIEA

° @PSCInitiative #PSCIChinal8



Business Positioning PSC| PHARMACEUTICAL
Ql_}ﬁ AL SUPPLY CHAIN INITIATIVE
W SFEN

Global Market Focus - Pharmaceutical and Biotech Innovators

SEIVSSEREE - SIFEHIESHAENHIZS 28

q e CDMO: How We Help You Succeed
STAR REst ARCH PORTON
= CDMO: B 1JAZ5RELN
cycle R4

Nl R ItspRAT ItGPRER SR SRS

Drug life

chain e I o
\ LT i 72
AP S R GMPHRJEIHR Elzg

t +

& C1S° RE i
CRO strategic partner ) BIODURO SQQEJG\I S ?;;k ;;;ggﬁs&?;r <
CROBKBESEIKIE -
*Industry-Leading Preclinical Solutions Offered via BioDuro *Leading biotransformation technology via Codexis
RERHE — 1T RSS2SR IRANEIFI CMCBARSS CRO SBRMTHIEMEIFA -- Codexis

o @PSCInitiative #PSCIChinal8
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CO ntrOIS %—E‘i FE‘[J PSC | SUPPLY CHAIN INITIATIVE
Respect hierarchy of controls E i #] /5K

" Focus product transfer & ;E7/= fiLF%

= Primary containment: —RZ[7]:
- Isolator technology [ B 28 A
- Flexible containment: big bags, endless liner, ... R4 ZR|F]: KEAR . &R
- Containment device§: PTS/DCS,Powdgr feed unit, split butterfly valves, ...
A F B PTS/DCS., HHHERTT . 2 AR
- Ventilation systems: cabinet, down flow booth, LAF

X RGE: fRlE. ERE. SRERE

= Secondary Containment: —RZ|7F): N
- Separation areas: control flow air pressure difference 837 F X 15 : 52

HZESRMAMEHNE
= personal Protective Equipment ™ A B53P A &

SYHPREE M

" Importance of on the job training & maintenance &1l

SEPT
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Controls %]

P S < | PHARMACEUTICAL
SUPPLY CHAIN INITIATIVE

Respect hierarchy of controls G 7% i Z K

Controls

Hierarchy of Control 4 #1] 2 2%

wAE , .
BEST ¢ Elimina%ion - Frevenson YI% K{%-}ﬁj[&ﬁ
o Subsidulion - Prevention BAR-FiiB
¢ Modlly process " 2% 75 2]
¢ Confainmen! 7]
s Ventlolion | Engineering Contro
LA EE il
o Acminisreive lssves 5 T T B
I » Personal Protection WNYE
Rgé'“ + Or any combinalion of fhe ctove

EidTr A&
JE BRI

SEPT
19-20

Approach /2 For each Health Hazard Class
BEERR
Less Process %, active
containment Volume®i# Dustiness22®  Energyid BaEEProduct EttH4
HHRRE (58)
Wet producti® &
Grams 1%
Kilo{sZ Fr i 10%
To

More
containment

HHRRE GR)

PSCI SUPPLIER CONFERENCE ° @PSClInitiative #PSCIChinal8 240
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IH Risk Assessment
TR PoC

Lab scale Pilot scale Commercial
LIS Arizl scale ik
g

Qualitative Assessment CO"”%‘g’;ﬁ?aSUfe
EETE Chemical exposure risk
¥ R EERISEMETE qualitative assessment
EF process : :
Engineering I )
Commercial scale, control
High potency, High toxic, CMR
Additional
administrative {TIEES TR

(SR A A= E SE S Ao Rt (S
Review Quantitative Assessment measure

Emﬁ EE#{E RBEAP (Risk Based

} Exposure Assessment
EFRBEMREFITEER Process) THBGIR

-

o Review&
Monitoring Update
S5 E B

PSCI SUPPLIER CONFERENCE ° @PSCInitiative #PSCIChinal8 241
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IH Risk Assessment PSCl tmncemen

-Qualitative Assessment with Residual Risk

7E T S PP A 5 R AR RS

For active ingredients (API/IPI), IH Risk Qualitative Assessment is
applied to assess Inherent Risk and Engineering Control

EMEM ISR R TG E AR RIES XA TAEH]

OEB ] [ Duration ] [ Quantity ][ Form ] [ Operation ]
BRI B g RS RME

!

[

Classification of Severity ] [ Classification of Likelihood

EEMHSR FIEEIESR
Engineering Control
T

[ Classification of Residual Risk ]

19-20

Internal tools for qualitative
assessment

BT s IR T & 8 R R AL TR
Focus on: OEL/OEB, character,
containment, process, unit
operation, etc

FvE: OEL/OEB. #JRMER . %
i I

SEPT | bscl SUPPLIER CONFERENCE O@PSCInitiative #PSCIChina18 242
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IH Risk Assessment

-Quantitative Assessment
Rt £
= Monitoring 3 1 il

Porton follows SMEPAC guide
to figure out test proposal
and perform the sampling.

K ESMEPACTE
= Testing FE i Mt
All the samples are sent to

Bureau Veritas North America
Inc. for testing.

Bureau Veritas=st

1200 = o BT A
= Data Processing %4 &b #

AIHA IHSTAT software is used to

process results data.

Focus on peak date and 95%
possibility limit data.

K = H A 95% B 5 FE{H

PSCI

Static sampling EREE

PHARMACEUTICAL
SUPPLY CHAIN INITIATIVE

Personal sampling {MASREE

Sampis %

Fygiene Statistics )
e

Saquantisl Data Fiot

Lo iy S

»

Ideaiizad Lognormal Dissribution

PSCI SUPPLIER CONFERENCE o @PSClnitiative #PSCIChinal8
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SUPPLY CHAIN INITIATIVE

IH Risk Assessment
PSCI

-Quantitative Assessment

i B R

* Documentation 3%

IH report is used to document assessment process in Porton. The key
elements are as below

porrron
AT Tk AR A RS FE. RiE: . sAT Report
Site Acceptance Test (SAT) Report
ing C i Perf of &
Continuous liner in Mini plant
v' Purpose H /) s
.
v’ Executive Summary & 24 e
‘ o \ B e s Ay i om0
v Chemicals & Surrogate 1t & & & A4 1% i (. Eot ey _
v Ventilation & Containment j# X & %% [7] ity
o Aisrsponysiniui s e
v' Operation &Observations £ F &% N 25 —
. ‘ e e
v Result & Interpretation 45 % & 45 fift 152 e
3. Surrogate
e oo S0 g e < oy
» Communicate Data & Review % Z1& 0] i - Gimbor ant contous ke descrtion
IH report T PAEIRE
SEPT o )
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SUPPLY CHAIN INITIATIVE

Typical Operation Performance PSC'
LAY B AR ) 45 ) RIOR

(In general, better containment performance mostly means more
complex operation and higher cost.

BRI E R SRR AT E S RAVERE.
\ NETBiFEHIE, TRSEREIRE.

~N

Containment equipment combination is always based on target value.

Continuous
liner

OEB-1 OEB-2 OEB-3

1000 100

SEPT
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PHARMACEUTICAL
SUPPLY CHAIN INITIATIVE

Typical Operation Performance PSC'
s R B ST AR B 42 1] BSOR

Volume iitES Containment
Scale #{& Unit operation H5TiR{E Controls ZZEA#EH . batch)g performance (1g/m3)
: TS
800

Dispensingz#t Down flow boothEiRE 100KG
Reactor charging ittt Flexible isolatorFZ 4R ss 5KG 10
Wog‘sajhop Reactor charging ittt FleingﬁgégfogTF;TS 25KG 10
Discharging, milligg ,pqcking PTS, Flexible isolator 50KG 1
TSR . A% FHbEE=E. PTS
DispensingZ#t Rigid isolatorfE[FRIRE2S 10KG 1
Reactor charging 2k} Rigid isolatorfE[EiREI2S 10KG 1
Pilot plant Reactor discharging sz H Glovebox, continuous liner 5KG 1
iz # FEMR. TR
DryingTi& Rigid isolatorfERpREas 5KG 1
Milling transferfyfasiEsl SBV4> itz 5KG 10
R&D Lab operationsSCIGERIE{E Rigid isolatorfERPREas 5009 0.5
ﬁ)%?:ﬁ&x Weightingf#R&E weight cabinetfR2= 5009 0.5
SEPT
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Controls Examples
P =~ PHARMACEUTICAL
?—éﬁ ﬁ%lj % 1§U P S C | SUPPLY CHAIN INITIATIVE

Unit operation: Lab operations (Dispensing, drying, weighting)
BonfE: LR =ENEBE (R, T MES

Controls: rigid isolator, weight cabinet % /¥ ] : WHIE B 4. WWESE
Weight scale: 500G #tH#H &: 500G

Containment performance : <0.5 pg/m3 Z W% . <0.5 pg/m3

Rigid isolator fEIREI2S Weight cabinet FREZ

EPT e L. .
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Controls Examples
S i T P S C | PHARMACEUTICAL
}ﬁi IL:EIJ % 15” SUPPLY CHAIN INITIATIVE

Unit operation: Miller charging/discharging

BInHERAE . B REHLEE/ Bk

Controls: Split butterfly valve Z A& o4 20 i "]

Weight scale: 5KG it H &: 5KG

Containment performance : < 10 pg/m3 EMH R HE: < 10 pg/m3

Charging via SBVi#tk} Discharging via SBVH#}

EPT e s .
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Controls Examples PSC' D ARMACEUTICAL
?LH‘ ﬁ%]J ; ﬁﬂ SUPPLY CHAIN INITIATIVE

Unit operation: Reactor charging ¥ Ju /. M E B
Controls: PTS, Flexible isolator, continuous liner
WS PTS. MR EAS . ELE

Weight scale: 25KG filtE & : 25KG

Containment performance : <10 pg/m3 ZEHHE: <10 pg/ms3
SR

Operation outside isolator Operation in isolator

PRE=RIr PRE=RA

EPT e L. .
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Controls Examples

s ] 532 451 DS(C | B,

Unit operation: Reactor charging ¥t /. N E R
Controls: Flexible isolator, continuous liner

B MRS, LA

Weight scale: 5KG #f{tEE &: 5KG

Containment performance : < 1 pg/m3 ZEMHRHE: <1 ug/ms3

Operation outside isolator Transfer into isolator

PRESRRIR(E YIEME NSRS

EPT e L. .
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Controls Examples

e = P S ( | PHARMACEUTICAL
j:l ﬁ:}IJ yi‘ ﬁ” SUPPLY CHAIN INITIATIVE

Unit operation: Discharging, milling ,packing

HonHRfE: DUHEH R B, R

Controls: PTS, Flexible |solator, continuous liner

Bl PTS. MM E4R . ELLE

Weight scale: 50KG filt EE &= : 50KG

Containment performance : <1 ug/m3 ZEMHME: <1 ug/m3

PTS

Miller
A AL
Flexible
isolator
FERERI 8
Double cone
dryer
X -
it Continuous iy
liner
SEPT e L. .
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Controls Examples

Dy = PHARMACEUTICAL
}ﬁﬁ%u%,fﬁu PSC' SUPPLY CHAIN INITIATIVE
Unit operation: Drying B Ju#/E: T 15

Controls: Rigid isolator, continuous liner

S PR A . g

Weight scale: 5KG #tE &=: 5KG

Containment performance : 1 pg/m3Z MR HR: <1 pg/m3

ol

B-As042

b 54}

T

Ak ||
W

33 34

Operation outside isolator Operation in isolator

FREIEsh (S

SEPT

19-20 PSCI SUPPLIER CONFERENCE °@PSCInitiative #PSCIChinal8 252



Engineering Enhancement

[ PHARMACEUTICAL
:|:$35 }ﬁ: FEIJ ﬁé& P S C | SUPPLY CHAIN INITIATIVE

Beforedi&a] Afterdii&S

Before: chuck connection
After: flange

ZAMBTBHR L=, BUIRE
ERRIZAME

Set a automatic valve to
control the dust feeding
valve to minimize the dust
flying

BINBsE, =5 TFEhEE, BE
EHLE

Set two flexible connector to
absorb the vibration of the
milling to minimize the dust
escape.

SEINFRSLERIERELAR O =R, R

42 pg/m3 R BRI AR
AR
SEPT
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Engtlinferlng Enhancement PSC' SHARMACEUTICAL
I%ﬂi%ﬁi %IJ ﬂé& SUPPLY CHAIN INITIATIVE

Before#i&g1 Afte rEﬁI

Improve the connections
between liners and isolator to
minimize the dust escape
Before: Rubber rings

After: C-Type clasp
OBUIAKI I CHA B
BRIEEEREIE S LB DI
ST IEESERRI AT RElt

Improve the connections to

the reactor

Before: Rubber rings

After: Hopper+C-Type clasp

ORI EEEE

I:&‘:i%&%ﬁl‘%& DR R
a

7 pg/m3 <1 pg/m3

SEPT
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Questions
a8 18

%

SEPT
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P S ‘ | PHARMACEUTICAL
SUPPLY CHAIN INITIATIVE

Industrial Hygiene Risk Management in
Pharmaceutical Industry

il 2347 b b AR XU B

Dan Wang
EHS Senior Manager, EHS SME
SynTheAll Pharmaceutical Co., Ltd.

9 @PSCInitiative #PSCIChinal8



AGENDA

Introduction of STA A &] faj 4

Qualitative Assessment & 1% TFAh

Quantitative Assessment & & 1A



PHARMACEUTICAL

Enabling Innovators SUPPLY CHAIN INITIATIVE

\
( A

At WuXi STA, we enable bold innovators by

arming them with the industry’s most ' |

comprehensive pharmaceutical develb‘binent_

and manufacturing platform equipped with T —
very latest technologies to aid'their 9(’1'est t CU .
design, develop and manufacture 'thgflnno?‘ative '
medicines.

H/\CO-;

SEPT
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“End-to-End” Small Molecule PSC' PHARMACEUTICAL

SUPPLY CHAIN INITIATIVE
CMC Platform

WuXi STA has invested in building capability to support your process R&D and manufacturing
needs from preclinical to commercial. Our comprehensive one-stop platform enables us to move
your project forward faster throughout the product development cycle.

PRE CLINICAL PHASE | PHASE Il PHASE Il COMMERCIAL

DS PROCESS RESEARCH & DEVELOPMENT

DS CLINICAL MANUFACTURING DS COMMERCIAL MANUFACTURING

FORMULATION RESEARCH & DEVELOPMENT

DP COMMERCIAL MANUFACTURING &

DP CLINICAL MANUFACTURING & PACKAGING PACKAGING

ANALYTICAL DEVELOPMENT AND QUALITY CONTROL

SEPT
19-20
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A Culture of Quality and
Regulatory Excellence

Global regulatory approvals

Bl cFon [
e L ® fndo
- v]

SEPT
19-20

P S < | PHARMACEUTICAL
SUPPLY CHAIN INITIATIVE

WuXi STA has an ingrained quality
culture, not a passive approach to simply
meeting existing standards.

First CMC platform in China that passed
FDA inspection for new chemical entities.

6 successful FDA inspections across 3
sites in 2013, 2014, 2016 and 2018.

First CDMO to support the approval of an
innovative drug in China through the "MAH"
pilot.
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Industry leading R&D and PSC' PHARMACEUTICAL

. SUPPLY CHAIN INITIATIVE
Manufacturing Centers

WS s Changzhou, 185 km northwest from
4 Shanghai

AP{ R&D and manufacturing
Oligonucleotide, peptide R&D and
manutacturing

Wuxi, 117 km northwest from

Wi+ Shargha Shanghai

Jinshan

DP manufacturing

Shanghai Waigaogiao Free Trade Zone

San Diego, USA AP R&D
AP{ R&D and manufacturing DP R&D and manufacturing
Oligonucleotide R&D

I Al ‘ Jinshan, 60 km south from Shanghai

API manufacturing

iIEE)PZTO PSCI SUPPLIER CONFERENCE °@PSCInitiative #PSCIChinal8



_ P S C | PHARMACEUTICAL
Risk Management SUPPLY CHAIN INITIATIVE

[ HazardousFactors ) [ Safety, Health,
Identification < Environment, Process

\ 4 - \ - -
Collect Information Process Safety Information

e IEYS! J L LZueEE

a

\ 4
Periodical Review Risk Assessment ) - f Qualitative and Quantitative
5E 39 51 Jot PBSE PPA )R EEMER
- N\ Engineering control )

Action Determination

1| 5 3 i —»1  Administration control

\  Personal protection  J

v A
Record and Execution [ Containment System

SEPT
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Identification and PSC' PHARMACEUTICAL
. . SUPPLY CHAIN INITIATIVE
Information Collection

» New Product Introduction Evaluation7 7= 5 5] A ¥EAh

— Intermediate and API toxicological data: NOAEL, LOAEL, OEL, OEB, MTD......
Hh B) 44 FIAPIEE 1 £ 5: NOAEL, LOAEL, OEL, OEB, MTD......

— Route of entry (oral, injection)
B E (O, 35D

— Absorption, metabolism and excretion
Weie, AR FlFt

— Special API: B-lactams, steroid, hormone, cytotoxic......

FEIRAPL: B-PITERL . SRS, BERE. ... ..
o MSDSZEFARVIHF

— Section 2 Hazard identification f& 3%

— Section 8 Exposure controls/personal protection 3z il 42 il F1 AN A By 37
— Section 9 Physical and chemical properties ¥4t 45

— Section 11 Toxicological informationd ¥ 215 &

SEPT
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Identification and PSC' PHARMACEUTICAL
. . SUPPLY CHAIN INITIATIVE
Information Collection

. Handlmg%'i’%ﬂ3
Physical form: dusty, solid, wet cake, flaky, viscous, liquid......
EIEA: BR. B4R, 8P Rk AR ..
— Pressure, temperature, composition......
T2EI. BE. EwAHK......
— Lab(small)/pilot/commercial scale?
iR sege =g, ok ik, mlkik.....
— Open/enclose handling?
gt PEl? E?
— Manual/ mechanized/automatic?
ANT? Hlbfe? Hashik?
— Continue/intermittent process or batch?
LA /AR ? TR R /AR ?
— Routine/temporary/shift task?
H % /W B /HE 2 AR 2
— Long-term/short-term process?

K/ T2

SEPT
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Identification and PSC' PHARMACEUTICAL
. . SUPPLY CHAIN INITIATIVE
Information Collection

* CleaningiB .

Manual/ mechanized/automatic (CIP/WIP)? A\ T./HLi/EHshik (FELiEH:) ?
Continue/intermittent? i 4/ [8] Wi /E M. 2

Routine/temporary/shift task? H & /Il it /BEZH #1 /2
Long-term/short-term process? /%5 {1 T. ¢ ?

Deactivate for High Potent API? SV APIZ VG AL ?

* Personal impact/MAEFS I :

SEPT
19-20

Age: youth, elder fEi#%: FREN. FZEAN
Gender: male, female 5. B, otk
Life habit: smoking, drinking, overnight, sport Z=%& > f5t: WO, DR, BRI 18

Potential disease: diabetes, hypertension JE£EZR : FEIRTG . =L/ E......
Individual habitus: allergy...... ™S A& : BURIET......
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. PS Cl PHARMACEUTICAL
Occupational Exposure Band SUPPLY CHAIN INITIATIVE

STA

= T G mmen @ e

E S

C =& @2 D I K

Alrborne Cencentration (meg/ma)

SEPT
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Qualitative Assessment PSC'

= The purpose H i]:

— Anticipate/estimate the risk level T X% 25 4%

Develop inventory of operation units, hazards, controls......
BATHERERIT. EERE. 0B S

Develop Similar Exposure Group (SEG) and IH monitoring plan
T ST AR R 2 55 AT H B I oK)

Review the effectiveness of the current controls

[ o5 i 42 1) e ) A7 81

= Qualitative assessment tools ¥ F 5E 145 T A

Risk Based Exposure Assessment
ILO Chemical Control Toolkit
COSHH Essential -

AIHA - USA

GBZ/T 298 - China

= Limitation: depends on IH experience judgment

JRIFRME: ARBIHN T HIE 50 A W

SEPT
19-20
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SUPPLY CHAIN INITIATIVE
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) . PS Cl PHARMACEUTICAL
Quantitative Assessment SUPPLY CHAIN INITIATIVE

= Why conduct IH monitoring JN4H4 BE4TIHIE M ?
— To assess compliance with relevant control limits or exposure standards
PEA R 75 2 2 1] PRAB B R i v Y 20K
— To check the effectiveness of control measures
B DA 1 it FA) A 251
— To assess the suitability of respiratory protective equipment

PP IP 1547 P o 10 T

= What shall be conducted by IH monitoring H &£ 5 E 3T IHIA I 2
— All new and improved equipment, operation units, containment facilities, processes......
FirA H o /BOE A BRI, B, T 2%
— Personal exposure
AR F K
— Periodically monitoring
SE A e

SEPT
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) . PS Cl PHARMACEUTICAL
Quantitative Assessment SUPPLY CHAIN INITIATIVE

= Personal sampling AM&FE i
— To check the effectiveness of control measures in place to control chemical
release
BN B TSI Tl P o 9 it P
— To assess the suitability of respiratory protective equipment being worn

DA 4 T

J;';f =
%
\ O :
o "’f
Tube & FIRAEE IOM Calibrator
(charcoal/silica gel)  #3Z2KAFES MER KA
QEREV /IS D)
SEPT
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PS Cl PHARMACEUTICAL
Quantitative Assessment SUPPLY CHAIN INITIATIVE

= Static sampling & S5
— Background sampling 15 StH¥ i
 Before operation or/and during operation 4F 46 A 84/ FlHEE i f2
* To establish chemical concentrations that may lead to airborne chemical release
into work area A X 155 [ P4 AT HE ) 2 28 A6 7 i RS
— Leak monitoring s W
* To confirm that the controls in use are sufficient to prevent the spread of chemical
and that the integrity of the enclosure is being operated Affi A S H 25 il 45 it )
AR, CART R AR 2 S ORI A FH 35 A A 2% 1) S B
— Cleaning process monitoring J& Vit i F2 W
* To assess the suitability of personal protective equipment during cleaning process
PGS I AR N7 4 A
* As part of a cleaning qualification procedure to verify an area is suitable for re-
occupation
TBVE IR B — 8 55,  DABRIA X380 DU T FR Rk
* Air sampling or/and wipe sampling
AR B AR
(ISPE guidance ISPEf& )

SEPT PSCI SUPPLIER CONFERENCE O@PSCInitiative #PSCIChinal8 270
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) . PS Cl PHARMACEUTICAL
Quantitative Assessment SUPPLY CHAIN INITIATIVE

= Criteria of the monitoring results [ ] 45 B34 Wrbr v «
— Containment Performance Target (CPT) usually is the lowest limit of each OEB
T HITERE H PR A E B 25 OEBIY H IRIA

— The statistic calculated 95th percentile of a dataset with three or more samples shall be
compared against the CPT

AN L EAMARE SR et i AT AW, S CPTE AT L
* |HSTAT - AIHAZ; it T H.
 Bayesian decision analysis (IH DA Lite software) U1 H-#i&i1t T

— If a dataset with one sample, the measured result shall be compared against the 10% of
CPT

HA— MM, 510%CPTHEIT LA
= Establish Similar Exposure Group E >N LR B
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. _ _ PS Cl PHARMACEUTICAL
Containment Guideline SUPPLY CHAIN INITIATIVE

[ OEB1 OQEB 2 | 0EB 3 | OEB 4 | QEB 5 |

OEL (ug/m?} 500 100 10 1 STA

|
rﬂﬁﬁ. Local Exhaust Ventilation (LEV

##lE 3 Charging Funnel

i E#& & F Down Flow Booth

B A& Fume Hood
VBSE

F I Glove Box
it 2 Big Bag
52 + 24 Big Bag + Glove Box
2h B £ &8 Intermediate Bulk Container (IBC) bin

FoE #8824 B B 8 Powder transfer system (PTS) + Flexible Isolator

#EEE Continuous liner
B & m#& Charging Bag
FHEHE Flexible Isolator

= i & £ Rigid Isolatol

PTS + ¥ & PTS + flexible Isolator

BEgnds - 2HEEES Clharging Bag + flexible
I

Tﬁﬁ + M E B Continuous liner + flexible

SEPT
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_ P S C | PHARMACEUTICAL
Containment Example SUPPLY CHAIN INITIATIVE

= Small scale — Charging
bag for charging/
discharging

= Pilot scale — Flexible
isolator with
continuous liner for
dispensing/ weighing/ Glove Bag Flexible Isolator
charging/ discharging/ Photo m ONFAB _fkl9£qfrom STA»
milling/ sieving/ & |
packaging

= Commercial scale — Big-
bag with liner system
for charging/

discharging s
Containment Big Bag System Continuous Liner
Photo from ILC Dover Photo from ONFAB
SEPT
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PSC' PHARMACEUTICAL
Challenge to CRO/CMO/CDMO SUPPLY CHAIN INITIATIVE

Challenge Problem

* Handle new chemicals safely * No or limited toxicological data
o AR S o 23 VB oA BUA R

e Cost balance: production, - * Old facilities VS new design

equipment and manpower containment equipment
o WHI M. A7, w&. AT o |HAEF= Uit VS 3 7 2 4] % %
e High EHS requirements e Efficiency VS EHS requirements
o FEHSE SR o ‘E PR VS EHS TR
SEPT
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Questions

SEPT
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PHARMACEUTICAL
SUPPLY CHAIN INITIATIVE

Tea Break &k

15:45 - 16:15



P S ‘ | PHARMACEUTICAL
SUPPLY CHAIN INITIATIVE

IH Case Study - Reactor Charging & API Kilo Lab
T BPAZRR- R MERBA T HELK =

William Zhu, CIH
Associate, IH Service Manager
Golder Associates




AGENDA

Reactor charging improvements < M. 25 $5% R 25 14 B 8

IH Controls at a Kilo Lab 2 J7 2% SEE6 =5 3d 14 250 e o 1) Tolk TP AE %
il 45 it - e

Containment Performance Assessment % A PEfEITAG . .~ = - 72



PSC' PHARMACEUTICAL
SUPPLY CHAIN INITIATIVE
Exposure Control Options for Reactor Charging

Jso N2 28 50RO 4% Al 4 Tt F) e 49 (3 AR 4 1 4 1))

= QOpen process with local exhaust hood (captor hood)
TR EERAE, Be R B AR R G (AR HE X AR

= Open process with local exhaust hood (partially enclosed hood)
TR, e SR R HE R R G (R BB 2 T HE X))

= Powder Transfer System (negative pressure) E=% FRI RS

= Split Butterfly Valve (SBV) AR R4t

= High Containment Flexible IBC =% MIifE R4

= Glovebox FE

= |solator (hard-walled or flexible) #ff J5i 5 24 i 55 2%

SEPT
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PS Cl PHARMACEUTICAL
SUPPLY CHAIN INITIATIVE

Exposure Control Options for Reactor Charging

N 1ORE TR 45 o] Fi it ) e

Improved Local Exhaust Ventilation J& & HE X R G AL

ek g gt

picture from BOHS LEV Guide

SEPT
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P S C | PHARMACEUTICAL
SUPPLY CHAIN INITIATIVE
Reactor charging- Level |
SN ZE BB - 7 %R
Glovebox: FE4f

= Single chamber Ao {4
= Open door (right side) to transfer bags in ] /7,
& Nk
J - Bag-out port to transfer empty bags out ¥ B 5 =48
RO R I W e
= Negative pressure inside by LEV fg{& PN £r$57 £ & (18
ITLEV & 5E)

= Better containment performance than local exhaust

ventilation % A MEREAL T B E HE X 2

EPT e L. .
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PS Cl PHARMACEUTICAL
SUPPLY CHAIN INITIATIVE
Reactor charging- Level |

S L BORE- T R

= Containment assessment results (2 bags of
surrogate lactose, 25kg/bag): highest
personal exposure 47.8ug/m?3

EHIERE: FI2W AL (R B 25ke) HEAT AL AL
AR, MR i =547 .8ug/m3

= Problem: Re-opening the door to transfer the
2"d bag in could cause dust exposure.

sl B EYIEMEAR, T ESTIT
HET], ATAE BRI A BB 2R iR

282

EPT e s .
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PS Cl PHARMACEUTICAL
SUPPLY CHAIN INITIATIVE
Reactor charging- Level Il

S L BORE- 7 &N

Improvement: t{3% 775

= Bag-in/Bag-out port to transfer bags in
“BEHE” A NIR

= Can transfer more than one bags in while
maintaining good containment.

TS NS ELRL,  [RIR {5 B A

SEPT
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P S C | PHARMACEUTICAL
SUPPLY CHAIN INITIATIVE
Reactor charging- Level Il
N EE OBE- T FE N
= Containment assessment results (2 bags of surrogate lactose,
25kg/bag): highest personal exposure 2.82ug/m?3

wAERE: F2EILNE (R E25ke) HEAT LU 3RAE,
AR TR AR 5 fx 7 92, 82ug/m3

= Further improvement opportunities #— 2 i EN 2

v" Negative pressure maintained by fan {5 F E 2l i 75 ) XL,
MANJELEV R G GERFAB AR 7 K

V' Leakage test fts /A iR )

v" Two chambers (passing & charging) SAGA& (1A /FERHIR)

v" HEPA for air in/ out 3 i IR K SR L 0L e 28

v Safe change of gloves T %4 T it

v Washing in place fEZiE VL

SEPT
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PS Cl PHARMACEUTICAL
SUPPLY CHAIN INITIATIVE
Reactor charging- Level Il

e N2 BERE- T SN

= Hard-walled isolator i Jii 5 25 2%

= Containment assessment results (lactose
surrogate):

highest personal exposure 0.782ug/m3
WHIERE: AR AR B s 90.782pg/m3
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P S ‘ | PHARMACEUTICAL
SUPPLY CHAIN INITIATIVE

Containment design 5 ] & 11 2 A

OEL/OEB HR Mb B fish R AR/ HR Mb 22 fiph S5 2%

Material quantity and physical state ZJB & HUIRAS

Process/ unit operation B JLER/ESSAY

How materials are transferred in and out? ¥Rl anfaf&dt. L H?

Any possible leakage during the process operation? 1% £ iz 47T i b /2 & A s Al fE 2
Exposure during QC sampling? QCHUFER A& 758 F il XU 2

Exposure during troubleshooting? ¢ #% i S& HE BRI & 15 A 2 it XU 2

How to deal with residual inside equipment? 5% N 58] 4701 ana] kb 3 2
Exposure during equipment cleaning? WA BE T v i FE A 2 fd XU 2
Weakness of a specific containment technology - —4 i % M1+ AR A §5 1502
Emission control/ waste disposal K< AR il /R Ak B

Productivity % PFERAVEXT AR 7= R 1520

Ergonomics % A1 #AE 1) T 245 7] @t

Cost % PAIFH T 1 e A

Safety issues %5 [H 45 Jiti [ 22 4= AU

SEPT
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P S C | PHARMACEUTICAL
SUPPLY CHAIN INITIATIVE
APl Exposure Control
T T 25 90 R 3 BR Y 432 ik 4 | ‘
Primary containment % 225 7

Secondary containment 5 Jiti % 4]

\ PPE - A4l i

Emergency containment M. 2 Ab &

SEPT
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PS Cl PHARMACEUTICAL
SUPPLY CHAIN INITIATIVE

APl Exposure Control for a Kilo Lab (OEL 1 p g/m?3)

AR ZEMEL Y5 (OEL 1w g/m3) 3 fili % i

Primary containment: hard-walled isolator for the whole process from reactor charging
to packing (containment performance verified).

WA B ML, . BRI EREBTRR B &8 N AT, TR gk
Secondary containment: Entry/ Exit; Airlock; Dedicated HVAC system; No air
recirculation; Air changes; Air filters safe change; mist shower.

WHE A NPk, HIEIE; MOTHVACRSE: 4 AR E: HEXGL IR RS 22w e, ik

Respirator during routine work: disposable N95 dust mask (half facepiece respirator with
cartridge for solvents)

RN IR A PR B (B T SR A

Respirator during chemical spill: Airline respirator or SCBA

PR BIRPIR B 47 A PR 2% B E e U3 PR s

Emergency containment: Vacuum cleaner (with HEPA), Spill kit, Deactivation, PPE
decontamination

NSALE: FHAFRAAH(ACHEPA); HHRALE TH: KIGR(EM); PPEBLIH

SEPT
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. PHARMACEUTICAL
Contalnment“??rforj’:\ance PSC | SUPPLY CHAIN INITIATIVE
Assessment 25 71 658 PF A

ISPE (International Society for Pharmaceutical Engineering) “Assessing the
Particulate Containment Performance of Pharmaceutical Equipment”

o 1) 24 TR W2t R - o 285 B0 2 UKL 70 3 AT B O TP A )

= Simulated operation Bl #E1FE
= Surrogate material (lactose, naproxen sodium, mannitol, acetaminophen,

etc.) &AW (FLFE, ZREEMN, HEEEE, X OMEERE)

= Occupational Exposure Limit (OEL) HR 3 fik FRA{E

= Occupational Exposure Band (OEB) HR M 42 fih &5 2

= Design OEL (DOEL) % [ 11 FRAH

= Containment Performance Target (CPT) 25 114 6¢ H #
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Containment Performance DGO | e,
Assessment 2 714 88 1F 4L

= Air samples (task-based)  ZS R (T HILEAE)

Area: background; during operations & A (EEE AT 50bE; BRAEIEFEARR)
Personal: during operations  MAKE

= Surface samples (swab) FEH#EHFE

= Sample analysis by accredited laboratory ¥ i 73 #7
= Data interpretation and statistical analysis 25 LA G 1t 240 #r
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IFIR=1EiE A e S 2 EAG W

Kelvin Jiang
Application Engineer
3M China R&D Center
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- FREERE

- [FIRERIRESIAILE .-
. IFIREEAOTHE By
 Case Study 1 : [FIE=SAN®E

« Case Study 2 : [ESSREAER?

. Eg

([N = |
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AR RESEEE I AR AFESHFRIGERSERBIR

1. RS EEX

( BESEITARTTH RS )

2. 55, (GEER

( BEBAEAAENSARIERNEEE )

3. B it

(BERES | BURAY |, AN )

4. IR ERTRL

( BEBESEFT B RARTDAE )

5. AlF B SR FRSATEEE
BaRENS
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6000751
IRIHER 750055

B

9502+/KN90 9042V/KN90 8210/ N95
Bfi=se mifE, Bl E
BERORER

650077
AR

K 9,

8862 / KN95 9334 / FFP3 1860 / N95
AFEREL =mEtRt wER, EM
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Wk IR /IR VS EST AN

B GB 2626-2006 BIRiSEziR BRI IR S

. R oE e s
_ 20% 95% 99.97%
R KN9O KN95 KN100
= ke KP90 KP95 KP100
EEESEY | EESNEE EESEEE

® NIOSH 42 CFR 84 Respiratory protective devices

SR Sk R
95% 99% 99.97%
NZE N95 N99 N100
a3 R R95 R99 R100
P& P95 P99 P100

®m EN 140-2001 Filtering half masks to protect against particles

S e 80% 94% 99%
EN 149 5 | FFP1 | FFP2 FFP3

20

SERT 19 PSCI SUPPLIER CONFERENCE o @PsSClnitiative

P S C | PHARMACEUTICAL
SUPPLY CHAIN INITIATIVE

BF RMEA. EIIRAT L

0.01 ot .0 0 100 1,000 10.000
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Case Study - 1
5 % =5 Y176 15

;EPT 19- PSCI SUPPLIER CONFERENCE o @PSClnitiative #PSCIChinal8



B X %

- BRPER - C,/C

= Co = FFIRERIMISSISIAKE
= G = RSN S[ISHRIRE

F

SEPT 19-

P S C | PHARMACEUTICAL
SUPPLY CHAIN INITIATIVE

15 EBTIPE# APF

EX: —ME—EIgEEE TR
R, AEAERAZEMNAERERR
Al T, MRS SITRYIRERR
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GB/T 18664
IO 28 B 3 K 2 PG e

GB/T186641E F B ¥ (HF) SRS (e ind e

IR B SR 3R BR A5 (OEL) A b1 N ]
. KESHR gu&-mit o APF=10 * ,? e
- RERMHPL, DSSRREBSE; mee ) ammevEE g il AT
HFfE A, fBEKTEHS, EEMHRAT RR  Apre10 DML 4] APF=25-1000
Fik "
e BELEE mpems
(2WR)
e % A=Y HSITIRES

w  PROREE APF > B EEH HF SCBA
RIS IR © APF>1000
PAPR  APF=25-100 :

SEPT 19- | L oC| SUPPLIER CONFERENCE ° @PSClnitiative #PSCIChina18



12 I 28 145 3 & 41 PSC| msuscemen

484 OEL: PC TWA = 0.05 mg/m3

MiHALEM: 0.3 mg/m3 IABLEM: 0.7 mg/m3

EEF# =0.3+-0.05=6 EERF#% =0.7+0.05=14

Alik: ¥HE, 2EHE Retikem=E

T E/PKNIS TR E/PKN9S

P6@® Jow
APF=10>HF = 6 APF = 100> HF = 14
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<)

Case Study-2 @ 575 )

=



m TR T[S R

Activated Carbon Technology

Adsorption...

8% Bfg 413

Chemisorption...
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= Rt RE , BTF3M5mI
- 2YH=E

« FHERRERER

o 2, HmS

“ | 3M Occupetional Health & Environmental Safety Division
Cartridge Service Life

 EESURRAMES. RE. WERE. |
SHRREAIIMAR , sk, BT saanamze

IS S RERERRIENL ; B

= - - + ummEE Y L
- RIS R AR ErrEEe
P Py + AFIERFES  REREEAREA,
BT e ——y
SR R W,

SFEATN , WIROHLES S AR 4212210500 RTERN)
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——BNERSHE

FIERIREARRMENBIZESITE3M 6001CNBHESIES2NERS

. 6001CN{EFH®H
BiRE | REmg/m? (R )| R
% 30 93 80
ik 30 275 10
PR 30 554 144
2 N A=y o N
W LB RERESEMESAERFHI EREEY el
HELSMISeE) | BE20°C, HXIRE65% , EEEE SEERR
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BIESES CFBMESE

ﬁﬁ?lﬁﬂbﬂmﬂ SR R B
ST EERRIRB 1B AR B
NEREX RSB INEE INGREXERS RN RHE

® -

o WEIRMIESRERGH RIS YNETTE

i PUHH,LS : 100mg/m3 , 20 °C, FRERNTSE , BRIERR6/ET, 65% 367 173
ERSARREHI R E R SIS AGRES | B = 173
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Questions
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PSCI Supplier Conference Shanghai
PSCILI R = L - A

Closing Comments

B 5 BUR

Ingrid Vande Velde Johnson and Johnson

Lamy Bao Bristol-Myers Squibb
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Our' is to esta blish: and promote
‘improve ethlcs, Iabor health safaty and
enwronmentally sustalnable outcomes for"‘ff"‘
) " our supply chams
ﬁmmf s FUE R 7 Emfﬁ
AN W A0 AL N B Y T %ﬁ&&%\
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EEPTSlEgPT PSEI SUPRPRIEER COFMRERENCE@ M @PSClnitiative #PSCIChinal8

2018



BEET QURBLIER CONFERENCE
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THE MEMBERSHIP fi% 1 SUPPLY CHAIN INITIATIVE

30 member™* companies already share the PSCI VISION and are committed to continuous
improvement in the supply chain

30MAF A * VA B T PSCH RS, IFEUT T A sk it N 5
abbvie .:i-:-A"er gan As'traZeneca/‘? Baxter P:‘A:'Fj e BiOgen
e : e e
i Tonger @ Britol Myers S Catalent. éelgme Se v ESTEVE
) (C] S e
BOLAN. osk) Sicilaiia o e, 9 Naliniros
@ @ L E O @ @
€9 MERCK ) NOVARTIS h ) RION @
Y ® SHIONOGI /Shire EVA Westo
SANOFI g =) e ® ©)

*Full members have the following symbol: The rest are associate members.
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Alone we can do so little,
Together we can do so much.

45 J1EN
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fife R Bk ik

Sum

Nordeq oOf

+ Us

International

Labour -. ,. IHE Eluqﬁ}ﬁpﬁls
Organization ‘l‘ or Sustanable Dealapm

rrrrr FUTNIENPS
ORI NS

& SPHS

Redefining
HealthCare

MODERN s"ﬂKVERY ACT
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THE PSCI PRINCIPLES AND THE D ARMACEUTICAL
IMPLEMENTATION GUIDANCE SUPPLY CHAIN INITIATIVE
PSCI JR I L5 S it 45 F

The PSCI created Industry Principles for Responsible Supply Chain Management.

These five Principles outline our expectations for sustainable supply chains in our industry and provide
descriptions of our expectations for pharmaceutical supply chain partners:

PSCIfi € 1 Il 25 Tk “ﬁﬁﬁ‘]ﬁifﬁmiﬂ” JEN
R ILIUENER T FATRAT W AT PSRN BRI I8, IR 1 AT 2 b B N B S AR AR R R EE -

ETHICS LABOR HEALTH & SAFETY ENVIRONMENT MANAGEMENT SYSTEMS
RESZE BERAG

To put these into practice simply, our comprehensive Implementation Guidance
provides N T 8 TR IX EAHE SR B, RATIRHLETH B LT FS:

v' Clarity about the Principles in each of the five areas i 2 1 1 fiff F1. AN 40 A 1 B — A Ji )
v A framework for improvement — > 5 [ HEZE

v" Examples of how to meet the PSCI expectations 1A Jif /& PSCIHAEE ) 7~ 51l
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THE PSCI STRATEGY 2018 -2020 PSC' PHARMACEUTICAL
2018-2020 %H]% SUPPLY CHAIN INITIATIVE

VISION & PURPOSE

Our VISION is to establish and promote responsible practices that will continuously improve ethics, labor, health, safety and environmentally
sustainable outcomes for our supply chains.

The PURPOSE of the initiative is to bring together members to define, implement, and champion responsible supply chain practices; fair and safe work
places, responsible business practices, environmental sustainability and efficiency of resources and improved supplier capability.

PRIORITY AREAS ffL 5 Aut

FAIR AND SAFE WORK FLACES RESPONSIBLE BUSINESS PRACTICE ENVIRONMENTAL SUSTAINABILITY
B Worker protection B Business integrity and fair competition AND EFFICIENCY OF RESOURCES
B Process safety B Bribery and corruption B Water use and management
B Fair treatment B Data privacy = Waste management
B Wages, benefits and working hours B Data security B Pharmaceuticals in the Environment
B Freely chosen employment B Anti-Microbial Resistance
B Energy use and carbon footprint
SUPPLIER CAPABILITY
B Sustainable sourcing and traceability B Transparency and disclosure ¥ Business resilience B Management capability and systems
S =
STRATEGIC PILLARS AND OBJECTIVES WB}%%HE*
1. LEADERSHIP 2. A COMMUNITY OF 3. PARTNERING
1.1 Promote the PSCI Principles, audit and IMPROVING SUPFLIERS 3.1 Build external partnerships
methodology to define the industry’s 2.1 Deliver excellence in supplier capability building 3.2 Build PSCI's external profile and visibility
expectations 2.2 Enhance collaboration among members and 3.3 Offer PSCI as the delivery partner for other
1.2 Secure a higher profile for PSCI within member suppliers sustainability objectives
companies 2.3 Explore a supplier recognition model

1.3 Lay the foundations for becoming the one-stop-
shop for responsible procurement in Pharma

GOVERNING WITH TRANSPARENCY AND MANAGING WITH ACCOUNTABILITY

G.1 Allow greater diversity of members G.2 Be a healthy, growing, trusted organization G.3 Develop ways to measure PSCI's impact
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WHAT WE DO
FAAT A

= A common voice for our industry.

= Set standards for ethics, labour, health &
safety, environment, management systems
(The Principles & Implementation Guidance)

= Build supplier capability
— Conferences
— Resource library
— Webinars

= Define common supplier assessment tools
(e.g. Audit framework, SAQ, audit
protocols).

= Audit and promote audit sharing to reduce
burden on the industry and drive continuous

P S C | PHARMACEUTICAL
SUPPLY CHAIN INITIATIVE

BRAAT 3 AP 2
B, T, R4,
SR, ATELEE FARE R
ik )

BT LRI S)

_ A

- G

~ W&TF S

E SCE BN VRS TR (1l 4n
BIFHEZE, sAQ, HHIFHEO .

improvement ‘ B
AR HZILE, DURAT
b S gH I Al fRr S et
; (E) PTSIPT | PSEI sSUPRPRLEER COFMRERENC ° @PSClnitiative #PSCIChinal8 319
2018



BEET QURBLIER CONFERENCE

A REFLECTION ON LAST TWO DAYS PSC' PHARMACEUTICAL
FAT XN X A R B SUPPLY CHAIN INITIATIVE

This is your conference...... X AR <L

— Promptresponse on invitation - immediately fully booked
— 4 case study sessions

— Presentations = topics submitted by you

— First time also suppliers presenting = a success!

— Not only presenters but all of you talking & networking

— 2 days = new journey of continuous improvement

— Tell us how we can best support you so that we can continue to improve our conferences and
support programs

— R [R5 - AR PR A4 3 R

- ANROIEEE

- EUPEERE TRAEEE

- oA RNERRESERN ZEN LS

- AR

— XPRAE L IR RFER i R BB

—  HURBRATIAT B A O IR ASCRF DA BATRENS QRS2 SO A T 1 2 WA SRR &I
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www.pscinitiative.org

= 0 o 0

info@pscinitiative. PSCI Secretariat: PSCI @PSClnitiative
org +55 (11) 94486
6315
SEPTSIEPT | PSEI SUbRRIAER COFNRERENC o @PSClnitiative #PSCIChinal8 321
2018


http://www.pscinitiative.org/
mailto:info@pscinitiative.org

Look forward to see you soon!
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