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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.

It is the sole purpose of this meeting to provide a fForum for expression of various points of view on topics described in the agenda and participants should
adhere to that agenda. Under 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 to 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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E PSC /\QD EPSC Introduction

EPSC - European Process Safety Centre

Industry Working Together on Process Safety

EPEC Frocess Salety ® I.t\-'\ldlmiﬂllh

€S04
- ¥ L ﬂr ‘]

b tssersbegh. ey r1— ? r

= 5 |"9

EPSC FS Fundamentak
Other larquages

EPSC

THE PROCESS SAFETY NETWORK

I R SR
......L. e N B @ B
[P

EPSC Conference

Website: EPSC - European Process Safety Centre
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Process Safety Hazards for HIZRTTIRMFPN T EREBE
Pharmaceutical Unit Operations R ELE B =l ool

XTSI ] M 1|22 7=\l g
A guide to hazardous unit operations and typical control strategies BT =22l HZsTlb TIF

EPSC (European Process Safety Center)
R R ERE MR G TR e EPSC‘ Y EREEREPSCRRABILUR PSCITE T2k,

Chinese Translation from EPSC members with PSCI China Group
T PROCESS SAFETY NETWORK

Chinese Translation:

LiuLi (U3Z)

Translation Reviewed by

Bao Guoxiang (Lamy , EE#¥)
Boehringer Ingelheim BMS

li_1.liu@boehringer-ingelheim.com guoxiang.bao@bms.com

PSCI YW @PSClnitiative 24



—_—f e e,

Bl = Preface

Preface to “Hazards of Pharma operating units” mEgE e B TSR RE" §i=

Explanation: The EPSC Pharma working group has selected 16 common

operation units that can have chemical hazards. These operation units are iRBE : KM I ZZes (EPSC) HIAT{EAME T EEHEREN16NE
described, the typical hazards are explained jointly with options to get it right, et E, EF 1T AR KL X ERSR{ESCH: | WhXteea e/, B
that is industrial best practices to lower risk. MY T ZRERZLUR IEBANSERRT 7 A,

How to use: The understanding of the hazards and best practices are relevant .

for operations, maintenance and engineers at production locations. Discuss BHEER . N2 ENRELERIERSENREFZATRNRIE. HPLAKR
the topics with the teams to better operate and maintain them, use them in TREARZSRZEEX, XEERATLABFSE/EFIEIEBERIERITIE , LA
safety studies and engineers that change or design these units can use this as BERE. HEITEPNLE/KE, EZEMZIHIRET , XERIFILUE
background information. HERERATRSPEURE TRARER.

Disclaimer: The described industrial best practices are available free of charge.

Using them is a responsibility for the site involved; EPSC can not be hold liable. AR | AN T RELERERZRM. WEMAREXTI ISEE,
‘; EPSCAEIBIHIRAE.

PSCI YW @PSClnitiative 25



T Z2RERENTEES

SIFEAVe

Process Hazards and Recommended Safety Controls
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Unit Operations

EBTIRE

Drum Pumping Hazardous Liquids

FRERENERIRRIAYIR

Powder Charging Operations

IR IEHER(E

API Chemical Synthesis : Exothermic and Gassing Reactions.

APHLEERY © BRI SRR AL

Extraction and Separation.
R0 E

Spray Dry.
BT

Solvent Recovery.

gl | Il

Size Reduction.
MR

Fluid Bed Drying.
I RTE

No
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13
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15

16

Unit Operations

ERTTIRME

Dust Collectors

MR /FRERSGT

Solvent Based Tablet Coating
R38R (ERETEH )

Big Bag Unloading
M GEMFSt

Powder Transfer System

MARBIERSE (ZAIRERSE )

Centrifugation
B

Thermal Oil System
PURARSR

Ammonia Refrigeration System

BFISERSR

Asphyxiation
REES
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1. j;ﬁﬁp% Zﬂz:'éfr_ﬁliff@ﬂﬂ Drum Pumping Hazardous Liquids

Drum Handling (unloading a drum by drum pumps)

FREREMEEEAIE

Barrel Pump @ifER Diaphragm Pump FRRZR

Large volume solvent or reagent transfers are typically handled using bulk transfer from storage tanks with
fixed connections to vessels.

AAFIEFIFNRAOTFIRGEE | — BT E SR A= 2 BRI S AR SR SCHIAY.

Smaller scale transfers or speciality chemicals may be conducted using mobile IBCs or drums with flexible
connections.

DEFMTITAIIE |, TREERSERRHERS (FEIBC) | BYRERS RN,

Barrel Pumps (centrifugal) or Diaphragm Pumps (positive displacement) are commonly used to empty containers|
into process vessels.

EEMEITERS (18, 1BC) RBETZHER (MRNZ ) i, BEERE O HEFSRERAREER.

Process Hazards to Consider

§%§§H§sz‘%l§l§

Transport of mobile vessels such as IBCs or drums presents risk of leakage during transport or storage, e.g. due to a dropped
load. Storage or transit areas and associated equipment may not be ATEX rated for such spillages.

Boi\ASes (WIBC, 18 ) s, FHITREPAIEIER (IEIME ) . FHEEENXIERBXIZE I NHE R THRSE
HRMEMINEIN R SEK (MBUHATEXBIIEREREK )

Temporary transfer systems present an increased risk of human error leading to a loss of containment of the fluid from the
connection point, or accidental transfer to the wrong vessel or “mix-up” which could result in an uncontrolled reaction in the
receiving vesse WIFHENX RAMIGINEREIN T ARKIRNATRE | SEEERGTR. 3E | PRI EREERN T ZEEN |
EESEMERYREINES | SEKIERAL

Flexible connections between the IBCs/drums and the fixed plant present increased risk of leakage and leaks may spray out
under pressure. |BC/#IFHEFIEREIR & Z BAVEUERBIEIN T YIRHERXG | XiPtREZ T aeREw E RIS,

It may be difficult to test these connections with inert fluid. Avoid the use of “clip on” connections.
BRI ESEEH TR 2R EMERY, [ R EA-REERES .

Flammable liquid should not be stored in plastic IBCs - in case of a fire, an average IBC collapses within one minute and adding 1
m3 of flammable liquid to the fire (cf. Moerdijk incident).

AERABRMENIBCEHBRRE. XRERT , SHIE1DHLARIBARME |, BREXFHRINISZANSREIR.  ( Moerdijk &Y )

Typical Safety Controls & Options to Get It Right:
ﬂﬁ:ﬂgﬂéﬁﬁﬂaﬁﬁ*ﬂEmﬁh

Equipment connections should be designed to eliminate accidental mis-routing of incompatible materials.

EEHEERTT , BRI ESEMERRIRINRE R &EIR.

Equipment connections should be of “fixed” end type where possible. Where temporary connections are used, consider self-
sealing fittings IRFIEEN REXARKER, IGES , ZBRFEREEIEL.

Ensure secondary containment systems (e.g. spill palettes or bunds) are placed around drums.

BRTRAS (MMERERR ) .

Diaphragm type positive displacement pumps should have diaphragm rupture protection.

SR RIERERIRIRREE R,

The dispensing container, pump and pipework should be earthed and bonded.

Forlses. R, EBEPNEIREE.

Flexible hoses should be static dissipative or conductive to avoid the risk of charge accumulation during transfer of fluids which
could result in a spark in hazardous areas. Further precautions are needed for insulating liquids — consult an expert.
ZMEREEEHEIEEESHEEN , AR RPN E T SR BRI A KTEIEE, WHEEMRIR , FEXR
EUH—EP B , FESFEXER.

Spray hazards from connections should be controlled by flange guards.

IEEERAL  BERNIERT |, FREEEIR (B) .

Consider secondary containment and ventilation of the area where the transfer happens.

EIRIEE R IR EE SR RS ST IEN.

Take the tube right down to the bottom to avoid bubble formation and splashing.

BRI EETARESD , BRI RSIBLAR=4E Kk,

PSCI

Y @PSClnitiative 27




2. *ﬁ'fZlKj:ﬁ*SHETQﬂE Powder Charging Operations

Charge of Combustible Powders

ARG ST

2 Elavatar

1. Manual Loading

Ratary Vale

It is very common in the pharmaceutical industry to add powders to a reactor or a vessel. Often the
powders are combustible and frequently the reactor into which the powder is added contains a flammable
liquid. Open handling of combustible dusts in solvent atmospheres should be avoided where possible.
ERMNEHEFREIINGE , EHZITERELNERE. BEXLHEEIRE , MRNEBETEEES
AR, SEEEFESE , BIRATWAIER R | ROZ/RrT ek a T URIE,

Process Hazards to Consider

=

EERNIZREESR:

Charging of powder can compromise inertion in the receiving reactor as oxygen can be introduced when the vessel is open and
powder is poured in.

FEMENDERSSINES |, tTaeREIssHEIR R ERIBK .

The open vessel provides a route for solvent vapors to escape and there may be ignition sources around the vessel.
BHIFESSBEFHRIAFURELSR | TR =SRAE R ER KR,

Pouring powders from bags creates electrostatic charge which can ignite the vapors and dust (hybrid). Such an incident can create
a flashfire at the open manhole.

NEFEI IR =4 RIEREBRES ARSI E (REHE ) . SETFFRAFLMIAIRNR,

Nitrogen may be released from the inerted reactor by the open manhole creating a low oxygen atmosphere in the room and an
asphyxiation risk.

ATREZRBMNESENTRAFERLS | EREENEEEENG.

Closed loading systems such as PTS systems or Gloveboxes significantly reduce these hazards.

PTS. FEBSFHIMLHIRARBEEERXENG,

Typical Safety Controls & Options to Get It Right:
BABYRY T P I HEHEFN IETREIR

Adding the powder to the surface in a closed manner (e.g. via PTS or an inerted glovebox).
DASARAERE (87 ) mEL.  (20PTS. [BHFER)

Venturi eductor systems may be used to introduce powder direct into a liquid stream
however they require special consideration.

NAXEEBNEAERESSIRRS  ATXMANEEEMREIER. (WE)

Adding an additional inerting step after the powder is added to the system so that an
inert atmosphere is restored.

MEHIARZANE | EIENIBHESE |, LIRRESE.

Ensure the operator is earthed e.g. anti-static footwear and flooring.

BEARIEN (GNiTAReR R,

Use of antistatic bag/metal containers for the dispensing bins. Ensure proper bonding and
grounding in place for containers and metal scoops.

(ERMAES/SERES TR, TREEIEE ( FEURSERT) .

If open handling, apply face shield and flame retardant clothing in case of manual loading
to protect from flashfire.

WIERFFRAIATIRE | RN {EREEBGIRIANRIEANR.  ( (RMBEH )

If open handling, use local ventilation around manholes for vapor and dust control.

IFHERIE | EAFLBEERRERE R RIS IR,

Pic @ Fox Venturi Product

PSCI
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3. API (LA : BEPFIRSAIR AL

API Chemical Synthesis : Exothermic and Gassing Reactions

API Chemical Synthesis
API {35

Most of the chemical reactions carried out in batch or semi-batch reactors are exothermic which means
that heat is released during the reaction process. The heat of reaction must be reliably dissipated by
appropriate cooling, or will heat up the reaction mixture and can cause hazardous plant conditions.
RS/ AR E R TN FRAL , KSEEBRIZ N, REFENAERETESENSHR
&, R TR | BNRESYSEIEMR , NSET b FRIEAMRR.

In a semi-batch reaction one of the reactants is filled into the reaction vessel (e.g. agitator vessel) and
the second reaction component is metered in at the intended reaction temperature.

EHEFEUZNF , —NRADSEIINEIRNERS (Al HRHENRNE ) F , E2NRMESERERE
TRATEESIR AT GRR S,

In a batch reaction, the entire batch of substances is filled into the reactor and the reaction is started by
heating up to the reaction temperature.

FE—NEFERE , BMORFTEIRERRARMNEE | REFHAIRAZIR LR,

Process Hazards to Consider

EEEENIZREER:

. Deviations from normal operations (e.g. loss of cooling, dosing too fast) can lead to adversely high reactor temperatures. This may exceed
the design data of the reactor, trigger decomposition of the compounds, or lead to a boil-off of the solvent and a pressure build up.
WIEETZEMRE , LR, MehdRE |, oSSR EREIESNAFIER. RETSBERNENNRITSE , AJ8Es RIS
iR BREELURANTELFS.

. Gas formation from desired or undesired reactions can lead to overpressure and a reactor rupture with a release of energy and material.
AR A AR AR RIFAF=ERSIR |, #ARES RESEE , EERNERR | LARMIRFIREERE.

. Some materials degrade at elevated temperatures liberating large amount of heat/gas.

—IRESIRIN DR | BIHAKEMRE/SIR.
. Uncontrolled chemical reactions can have a huge overpressure potential and have led to catastrophic process safety incidents in the past.

KiEpERNEEEABENTEY | BE LSETEN T ZReEH.

Typical Safety Controls & Options to Get It Right:
BABYRYZZ eI HEHEFN IEfMEE

. Know the chemistry and determine the thermal stability of raw materials, reaction mixture, and products under normal and abnormal
process conditions (e.g. in DTA or DSC measurements). Assess the formation of thermally unstable by-products !
TRMCFENIE, BERE. RMESYLUNRFYEESMSE I ZR&M THRSEY (AIDTASKDSCUE ) . ERARIEREIFI8IRZ K.

. Evaluate possible deviations from normal operations in a safety/maloperation study (e.g. wrong substances, loss of stirring, instrument
malfunction, high dosing speed).
ERLITHEREEDITR , WelsRETESRENBERH TG, (WIREER. AR/ ELE. (EE/GRHIE. IRHREITR )

. Make sure that the generated heat of reaction can be dissipated at all time during the reaction by a sufficient cooling capacity. Consider
this during the scale-up of reactors.
IREBHSHEEN , BFERNMRAESREFFEREET SN AAETNERN. ARMEATUE AR VREMLERE.

. Ensure that gases and solvent vapors formed during the reaction can be safely vented from the reactor and will not cause an undesired
pressure build-up.
R RIS AFIZ SRR S NN R RIZFH , MASFEEHERNEATS.

. Monitor critical process parameter like temperature, pressure, stirrer rotation, dosing speed, quantities and level.
YRETZSHHTEN , MRE. EN. RRE MEHRE. S2UARRE.

. Implement preventive safety interlocks that act in case of adverse process deviations (e.g. temperature interlocks in a semi-batch reactor
to close reactant supply in case of high temperature, stop dosing when stirring stops).
(FERTIAMER S, LFHIAAFINIZRmE., (AEFAFXREEEZ2EY | st RESI ST , EIEms. )

. Prevent accumulation of the reactants in an addition-controlled reaction by limiting dosing speeds e.g. provide an orifice plate.
FENNRHESINRA | B RREIIRIERERNF BRI LER A ERNARLE | FIanERRRFLR.

. Ensure critical utilities (e.g. coolants) are on a high reliability supply — not a public system.

BIRRERFRIERS (WK ) HESERTRN | THERETDBRS.

PSCI
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4. TEHX*D%% Extraction and Separation

Liquid / Solid — Extraction (e.g. Isolation of Alkaloids from Leafs )
B/ 128 (AEDH RS EEDRES )

=] < E

Turther Precassing

Solvent based extractions is a means for extracting alkaloids from natural raw materials e.g. plants. The drug

substance is extracted into the solvent and then the materials purified typically by solvent separation or exchange.

ATIZEEY (R ) @NKARRE (3MEY) ) PIEEEMRRIA RN —. YIRS ERHESRAIF , AEEIE SRR

iﬁ?.‘ﬂ%?ﬁ%ﬁ‘tl_ﬁf@{%

Solvent based separations are widely-used in pharma industry to remove impurities from the reaction or extraction

stage. Usually immiscible solvents (non mixing) are used to allow phases to be separated by gravity or

centrifugation.

EFEnn BE ARSI 2R , ERNERNNMERTRTERSR. BEERASESIEFIEIED
(LEBERR ) SEEORARo1HE.

The extraction / separations is typlcally carried out continuously in extraction columns, centrifuges or batch wise.

WRYER B IS, BOZELELIEEES (HRE ) SR,

Reorculatlon of solventis a typical part of those processes.

BEXET ZhEa eyt a7 fEER,

Often the process will also include a concentration step (or distillation step) after the separations are completed.

ENBrAEREEEHTIRG (SR ) P&,

Process Hazards to Consider

E%E“H‘JIZ.)E%EI?

Large amounts of solvents are in use presenting a risk of loss of containment and fire/explosion. The transfer rates may be
high in continuous processes.
REBFIEFRSERIXG | BFNREL REUARKR/IRIE, HEETZH , AFIEMalrERE T sett iR,

. There is a fire/explosion risk when adding dry plant material into a reactor / extraction vessel with solvent residues (hybrid
mixture).

BHEENRERNEBFRENRNE/IRINER , ( SHEREEY ) BAK/IEEXE.

. Some solvents may naturally form peroxides as decomposition products (e.g. THF). These peroxides can present increased
risk of explosion. Particularly attention must be given to risk of peroxide formation during distillation operations.
—ERIBEEANRITEIY) (ANTHF ) . XLTEWANIEINTIEERR. ZS55ERERBRGERN |, g SIRIKEG,

. Immiscible solvents such as toluene, heptane, hexane will form two-phase mixtures. These become easily electrostatically
charged when moved and present ignition hazards.

(7K) RAMEER , PR, EiR. 2, SEAFEESY. XEFTERNPREIHHHE , SEEXEK,

. Impurities may not be known, leading to undefined risk especially during concentration steps (distillation). Distillation of

unstable residues to dryness can cause thermal decomposition risks.

ARRSERRBINRZENG | THEEREREN., NMoeWRErRERETES | REET s SEERE,

Typical Safety Controls & Options to Get It Right:
HBIR S HEMEFIIERIEE
. Ensure equipment handling solvents is suitable for use in hazardous areas and regular inspections are being carried out on
the condition of hazardous area (e.g. ATEX) circuits.
RS RARIRIR S FFAMENABIR O XK (MPMESX/ATEX ) B3R , 1B KIsHIRE S 4RI Mt TEREE.,
. Apply safe charging practices for introducing powders into flammable liquids.
EMEHR NSRRI , EXATEREER.
. Assess risks of solvents forming peroxides or other decomposition products. Check peroxide concentration regularly; add
inhibitor where necessary.
THEHEHRESRTEN S ER TSRS, THREISWYIRE | SERIMNTSAIER.
. Where immiscible solvents are being used pay particular attention to earth continuity. Use metal equipment and pipework
where possible and ensure it is bonded. Keep transfer velocities low to minimize charge accumulation.
%ﬁlﬁg S’;&‘E@?JEB‘;‘?E%‘J%&E@?@E RuJgeFASRERENEE , MEMRTEERE., (RERENSHEMSERE (E ) LRE
L //\ N==1}
. Know the chemistry and determine the thermal stability of materials used under normal and abnormal process conditions
(e.g.in DTA or DSC measurements).
HRUENE , WEAELER/SELIZRETYRIREEY. (2IDTASDSC 517 )
. Consider the impurities which may present or form thermally unstable by-products. .

EEAJREHIMRIRR | AR ATREZ AT E R 1.
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5. IESE & spray Dry

The spray dryer process is used to transform the feed from a liquid state into a dried powder by spray the feed into a hot

drying medium. Solvent usually is water but also can be organic.

g}?ﬂ;‘ﬁ%&‘ﬁﬁﬂﬂﬂﬁww SH SRR THENES |, BENRARE TSR, BELUKER , Etnlaeg
iET.

The powder moisture content is controlled indirectly by maintaining a specific outlet air temperature by varying either the

feed flow into the dryer or the inlet drying air temperature.

BRI EIRESEHNNTIR=S0ERE | REEFHIMSERNRE . WTEREEMHRAISKE.

The dried powder is usually collected in a cyclone-dust collector system.

FREIMEHBESWIEE— NN LI EZ 5,

In case of organic solvent, the solvent is collected in a condenser.

LERETIARIE , BHIEEE SRR,

A nozzle in the inlet feed is usually used to make the droplets as small as possible, maximizing heat transfer and the rate
of water vaporization. Spray dryers can dry a product very quickly compared to other methods of drying.

HRIEEEEMZERERAEE) , DURSMESIEFVKAGSEE. SEMATESIUEL , METRNTIEEER,

Process Hazards to Consider

E%ﬁﬂlzﬁ%@?

Risk of organic powder dust explosion inside the unit e.g. due to static discharge, thermal decomposition.
HENBIMTIRERG (58, RORERR ) .

If drying from solvents, there is a risk of solvent vapor explosion.

WMFEETBEH , FEEBHIZESIEFERNXIG,

If the powder is thermally unstable and the temperature inside the unit rises, there may be risk of dried powder
decomposition with heat and gas evolution.

WMERMEHAASE | AR THRENEREETS | EMEoBIKIG(RRRER. K5).

If the products are sticky, the fouling on equipment walls can create an insulating layer on the equipment with potential
for a powerful propagating brush discharge igniting material.

WMRFREERMY | AR EEE FRR—MERE | TTRESEGERIRIFZE | 5L

High product temperature leaks around high pressure feed nozzles, and risk of splash to operators as well as fire risks.
ERERENNISEIFEIHEE , FERKS R EARKGE | BERBSECRNE.,

The equipment is often large and the stored energy can be significant.

REBIFEK, fERES.

Typical Safety Controls & Options to Get It Right:
BIRIAOT S I AN IEGRIEE

Consider controls to limit the oxygen concentration within the equipment by use of inert gas for conveying e.g. nitrogen,
or through direct injection of steam to displace oxygen.

EEERBEMESA (NES) MRS E R S EERS LRI ENNES.

Assess the risks associated with self-heating and thermal decomposition. Set the operating temperature and
temperature safeguards based on this assessment. .

DITIR EIEAFIRAD BERIIXE , DS EREURZEEE.

Ensure there are strict controls over the operating temperature of the system e.g. steam pressure restriction and
independent high temperature trips. .

RREREITRESEFEESE. WXESENRRS] , IS RTIRES,

Make sure that atomization is done under defined process conditions in order to avoid changes in particle size (fine
powder).

RENENEN T ZHRMETHT | BRRENIETW (RGN ) .

Regularly inspect and clean the internals of the equipment to avoid powder layer accumulation.
EEREIIEERENE . ERNLERR,

Make sure that explosion vents, and/or suppression systems, grounding and bounding are duly inspected as per
maintenance scheduled interventions. Do not block explosion vents. .

TR, IR R R R H BRI A0, R ESE L O,

Consider an internal fire suppression system.

EIBAEBR KRGS,
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6. \;72_-\[:%” IEILIQ Solvent Recovery

Solvent Recover (Rectification)

AR (#5E)

Top

/"”""\‘ Froduct

Bottam
Praduct

A solvent recovery system is a process system that takes waste solvent streams from the main manufacturing
processes and extracts useful solvents and raw materials which can then be re-cycled back into the manufacturing
process.

BRIEME RGN T i A Y AR R IREE FIR A f N ER | RSP B IMER.

They are key to reducing the carbon footprint and cost of the process. Most process operate by distillation although
membrane separation processes can also used..

BHIE RS TR IRETI T ZHAEXREE, REBRSBERABEER , 220t 2md 28k,

A rectification column can be used to recover the solvents by heating the waste solvent to boiling point, causing the
solvent to vaporize and separate from contaminants and then condense the recovered solvent and store in a tank. .

AILAEREEE | BIIRRERIERRR  BISUMSRESE  ARETSRENET , FT T,

Process Hazards to Consider

=

EENIZEERE:

Overpressure of the rectification column can lead to mechanical failure of the column and release of solvents at high
temperatures, leading potentially to pool fire, vapor cloud explosion or toxic cloud. Overpressure can be caused by
IEIBEBERTRE SRR, SRETIHE. EETRSEINR. BSBEFEESs, SHRSBENEE
- loss of cooling inside condenser

RERERIHEIRY
- overheating due to loss of control of the heating source

AR GEESEIT EIR
- Overfilling with liquid.

RIS £/
The concentration of solvents/vapor inside the equipment (column, tanks, heat exchangers, reboiler etc) may be flammable
if air is present. This is most likely to occur during startup of shutdown operations.
fﬂi?ﬁz’—ﬁ , IREEAIED (AIAETEBLE. GREE. HRRABR. BER ) BN ESHTIREEZMIRESEE. XMMERSRERETT.
FEEIRIF,
Rectification columns that are operated under vacuum will create an explosive atmosphere inside if air leaks in.
RESREBNRRES  S5HAN | NESTRIEEERE,
Accumulation of thermally unstable residues in the reboiler can lead to a thermal decomposition with severe explosion and
product release. .

R BEYER BN RN SEEAD R | REFERIRIELUN - mithEE,

Typical Safety Controls & Options to Get It Right:
HRIR SIS TR0 IEiRiIEE

Purge the oxygen from the system during startup and shutdown operations e.g. using nitrogen or steam.
F/IEERRA , ArES. (FRES. &%)

Interlocks should trip the feeds and heating if there is a pressure or temperature excursion in the column, or a failure in
the cooling to the condenser..

HERNENHRERBLZECE , SUERNT | KEBMRRRIZIETINEFIIN,

Interlocks must be of high integrity design and independent of the plant control system. .
REBRUNIZEERNEEST , HEM T T 2EHRS.

Pressure safety valves release overpressure to a safe location, determined based on the modeling of the maximum load
and release.

REEMEERENMTT , MZRIERAREFIRERREHE .

Determine the decomposition temperature of unstable products and operate below an adequate safety margin.
NENMSEFINSEEE , HEMREREBREEBNLSRE.

Assess fire / explosion damage zones around the plant and limit occupancy in affected areas. ...

PR BOKSR/IREROBIAX Y | PREIZSMKISAIA REE.
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f. 7|‘ \ﬁM Size reduction

Size Reduction (Milling, Micronization)

w0 (e, BeMyrey inlet / Hopper
Powder Transfer

Exhaust
vent

(screw or pneumatic) Police
Fines vent to collection filter
Filtere.g.
Size Reduction cyclone
Device and bag
Jet Mill or Impact Fines vent house...
il to

collection

Product

collection Fines collection

. Powder is fed into the system. This may be automated or manual.
MBS B BalaiF .

. Energy is put into the system either mechanically (impact milling ) or by compressed gas (jet mill /
microniser)..
BEEMANASETIEE (hEitE ) | SRIAUERSSAFR (SmmEil/aumi ) .

. There may be size separation with intended product size collected and over/under5|zed collected by
cyclones / filtration. .
gﬁ]‘éﬁ;%%ﬁ*ﬂ#ﬁﬁl&ifzuu  WEN ARSI RN ERETEN D Bt R R R SRR Kak

I\ =
Containment devices such as glove box isolators, continuous liner offloads and waste chutes may be
involved for potent, toxic or sterile materials.
}sg%.g,ﬁri EEUSEAIEEEER EEEHEE (NFERRES. TS ESHANERS A
)

Process Hazards to Consider

%%LEB‘JIZ;F%EI?
Dust explosion (confined explosible dust above the maximum explosible limit is often present)
MEIRNE (AREIRN=EINIMEIRE  BEBIREEFELR ) .
. High energy dust explosions in long conveying systems can present a risk of pressure piling which leads to detonation. Whilst rare, this
can be devastatingly damaging.
AKIEERERRAT  SEMLCIRETREEENEEMSBRIEEENINKE. REDD , EXME R TaEER R RITRIR,
«  Solvents may be released during milling and could cause hybrid mixture formation.
SRR eT e RIAR | FERRSIERREY).  (solvate)
. Solids capable of Train Fire (designated as flammable solids) could cause a persistent fire if ignited.
BEESEU IR KR " IIEA (1EZMEM ) MNRMI | S5 REREIKR,
«  Thermally unstable materials may start to decompose on hot surfaces, releasing gas and heat even when oxygen is not present for
combustion.
RAAREYRCTEERERAE SRR , AESEE SR , SBEMESETIRE,
«  Some materials may be impact / shock sensitive (explosive).
— LRl BExIH VBT i U (JRVEME ) .
«  Milling using inert gas (e.g. nitrogen) reduces fire / explosion hazards but introduces asphyxiation hazards.

TEHRE (WMERES ) BET KKR/IRERE , B5INTREZERE.

Typical Safety Controls & Options to Get It Right:
BRI =R IEMR (ii%
«  Control of ignition sources inside and near equipment . =58 RERARFHAASAGE,
. Excluding Tramp metal / foreign body exclusion (pre-sifting / screening)

HER S BRA/ZHR (F700% )

. Ensure all electrical ignition sources are Ex-rated (motors, instruments etc)
FrErBssEBrIS1ERInIRERER (B, 88%)

. Ensure mechanical ignition hazards are controlled e.g. proper assembly and lubrication of equipment, monitoring of hot surfaces or
vibration SRR IGREMSEIES] , MNRBIEMRVERINEE , IWNREREZE,

»  Avoid insulating materials (however PTFE lined micronisers are often used)
ERERESMR ((BEREEERNRPTFERGI )

. Earthing / bonding of metal parts
SEEMFAE/ B

«  Ignition source control is hard to achieve in most cases so additional controls include.
E*%éﬂl[*ﬂ?ﬁkﬁ R SERIEHIRY |, FTLURER R MU HIEE.

Inert gas addition (typical for micronisers to use high pressure nitrogen) IIABHSIK (1 BEAHOTERSERS)

. Pressure rated equipment and Explosion isolation protecting weak equipment (rotary air lock valves / explosion choked screw
feeders / quick acting valves / suppression)
BEE—EmESRNRE . RABERBRPEERIPTNRISNILE ( (RS HIE / 1RV ERE IS et a8/ R ELIRHE /4D )

«  Consider advanced detectors if relevant for the mill design such as, carbon monoxide gas, spark detection, vibration detection.

SHETERIHECMGNE , ZEEMRESORE | MCOSHIEN. JAEe. Rate.
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8. iﬁ{%ﬁ_k:Fﬂ(;T% Fluid Bed Drying

Fluid Bed Drying
LRI

5 i
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Process Hazards to Consider

REETENIZRERER:

. Dust suspended in air presents an inherent risk of explosion, capable of generating pressures up to 10 barg. This can cause rupture of dryer
itself, and the ancillary air blowing, and dust collection system connected to the unit.
SFESSFHLFERSANREXI , fEI8F=ERESIIA10barg . XESETIRBRARUARABENES. MAERFHER.

. Some processes involve drying from a flammable organic solvent which increases the sensitivity to ignition sources. Consider the risk of
hybrid mixtures with MIE (Minimum Ignition Energies) in the range of solvent required at 0.5w% residual flammable solvent content. .
BUTZIRTERSRAR , SLLINRGRENBUENE. STFSERT, E RS RIATITEE K. Sw%ETHIMIE,

. Thermally unstable materials could be heated above their thermal decomposition temperature resulting in decomposition with release of
heat and gas.

ARSI EESREELL L | SHOH® | MRS,

. Accidental venting of highly potent APIs to atmosphere e.g. through activation of the emergency vent or filter failure could release harmful

material into the environment. .

BISNANRI SR BT | SEISRERRIAE | SEHAPIEEAMEE BRSNS,

Typical Safety Controls & Options to Get It Right:
RIS SR MBI IE M i

SCHEMATIC DEAGRAM OF FLUID BED DRYIMG 5YSTEM

. Fluid bed drying is an effective and gentle way of drying wet solids, and is frequently used in
pharmaceutical and food industry. FRURTIZE—FMEF. BRNERTIENSN  EER. BR1T
WEHR.

. Hot air is introduced through a perforated bed of moist bulk material to form a fluidized bed and
keep the particulates lifted from the bottom and suspended in a stream of air.

= Fi’ﬂlﬁ%ﬁﬂ%ﬁzﬁﬁﬂﬂ’ﬂﬁ (PR ) BBGZ , NTFEINAES , FERLRILIR |, BRI MRER RIS , 8%

FERH.

. Heat transfer is accomplished by direct contact between the wet solid and hot air. The vaporized
liquid is carried away by the drying gasses while particles (fines) are hold back by a filter.

B EER SRS EEEEVES, ISUEINRATHESINTE | TR EesE
=,

. The usage of fluid bed dryers can be easily extended to granulation or powder coating when adding
additional spraying nozzles in the fluidized bed area.

FERM AR IERS MR | IR AR TSRS 21 REISHAISH K.

Ensure the dust explosion characteristics of materials dried are fully understood (e.g
MIE, Kst, Pmax) to enable a suitable explosion protection concept. .

RO TIRAE TR NIEVEMRR (ZIMIE, Kst, Pmax ) , RASIERIEVERIPEEE
If the machine is multi-product then ensure the capability of the explosion protectiol
systems covers all possibilities.

MREERZAR (2 ) B, BIERIP R SRR FTE el 8=,

Earthing of all internal machine parts is critical including the main body, bowl, filters
and socks. Antistatic filters should be used for low MIE applications and solvent
applications.

IREEEM R ZEXREE (K. Bowl/[RERERS "B |, IEESAIMEY ) . =T
{RMIE ¥Rt aiARIRT |, RIEFRERRRITEas.

Explosion protection is typically by inerting , pressure containment, explosion ventin

T
LT

]
RUETIE =

e e —— |

or explosion suppression. ST i
IBRNERIPRVEEY S TUEIEISI. MHE (MR ) | HHRLURIDIER, R 3
. Fast acting explosion isolation system should protect equipment connected to dryer A — 4

including the ventilation system, extract dust collection system etc.

RS EIRIEREARATRIFSTRREENRE | BIESREASR. NEKERRS
Changes to the intended use (e.g. different powder properties, introduction of
solvents) requires a re-evaluation by the user and maybe re-issuing of the CE
conformity declaration.

WBENRITRE (GINATERRENME , SEINEH ) | B ERAENRRHTE
HE | AIREEIE R CERTS SRR,

A | o T R

A A

FHEE

[z} !
Pic@ Gentlentan Pharmed Technologies Pvt. Ltd
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Dust Collectors

ERR

A dust collector is a piece of equipment unit used to collect waste dust streams from manufacturing

processes. It typically separates dust from air however in some cases solvents may also be present.

Bg”g%é%ﬁﬁ%ﬂi%ﬁﬂiﬁﬂﬁCPF%EGFESSM’%, EERRBETSHINE | BEEE—LER FalEetd
sl

Dust collectors typically operate under negative pressure to ensure materials are fully contained.

ATEGIEING | R BEERE NET.

Most dust collectors automatically self-clean e.g. “blow down” or “shaker” systems drop the dust into a

hopper and collection drums.

SZHERLRFEEENEERS W "W & "R R, B EREER SRR,

Dust collectors can be installed outside the process area building (preferred) or inside. If inside, they

should be in low occupancy.

PRBREEBLEAE T SXEFIN (MTER )  BHEEER. EERTERN , FEAEARENOHIKE,.

Process Hazards to Consider

EEENIZREER:

+  Explosioni®YE.
- Combustible dust suspended in air can be ignited by an ignition source.
BIEAMM A 1.
- Risk of flame propagation to / from other neighboring equipment
KIGEREE/ NEfES
- Separation of dust from air can result in static charge accumulating on the powder or on metallic parts if they are not
properly earth bonded.
MESTSNBERFEEHSE | BERNEN A LeE S e EENSEEp e L.
- Caused by defective electrical equipment installed into the dust collector e.g. broken earth cables.
PRACBSPEEESIRERTRIG . WIEEIRIAR,
- Due to lightning striking the unit/lack of protection to earth.
S ETh/Ih SRR,
« Internal fire BB RIERKK
. Exothermic decomposition of dusts leading to a fire.

Typical Safety Controls & Options to Get It Right:
BB T IS IEFN IE MR MiE

. Be sure that electrical and non-electrical equipment is appropriately rated for the internal zone (typically dusts but possibly
also flammable vapors)
WEREB S FRE R R IEMIITIRER. (BEEBHL  BREESNES

. Check the differential pressure through filter elements is maintained within the recommended range i.e. filters do not
become blocked and airflow remains healthy.
NEITRTTHNEE | SEEFTE | YRS AW E R RS EESR.

. Ensure tightness of doors, explosion vents and the dust collector body is in good condition. .
BRI, RO , PROSEARTL.

. Ensure earth bonding & grounding (esp. for conductive parts inside the equipment, e.qg. filter support plate, shakers).
TaREED. B, (FSRIRIRENEINSEES | ITIEEEE R, %8 )

. Use dissipative filter bags for conductive dust or dusts with low minimum ignition energies < 5 mJ).
Y SERLEMIE<SmJ AU A F AT IERERIELS,

. Ensure there are appropriately sized explosion vents/ducts or chemical suppression systems on the units and there is
protection to prevent explosion propagation down the ducts.

WHREHHRISEOTHRO/E | FIRRS. SHIDREGEEERIRIFRS.

PSCI

YW @PSClnitiative 35




10. R84k ( (&

_i|7=_l *ﬂf;gﬁu ) Solvent Based Tablet Coating

Solvent Tablet Coating
RHI8R (ERER )

Pharmaceutical tablets are often coated with an agent to improve the delivery and
release properties of the tablet or mask the unpleasant taste.
FRIBESERSAREIHZYMEETIERIER | SHEIRSK.

The coating process involves preparation of a coating solution by dissolving
excipients, then applying the coating solution by spraying onto the tablets as they are
gently rotated in a coating machine.

TZERaE , fRRGE (2 ) | BERERR (EEBENaRNK , 15
BTz RER ) .

Some coating solutions are flammable liquids and present risks of flash fire or
explosion during preparation and spraying. .

BLARREZREIE  EEBIEBIRSEE NREIRIEXL,

Process Hazards to Consider

FEEENIZREEE:

. Preparation of coating solutions often requires combustible dusts to be added to flammable liquids and stirrer into a solution. This is often a
manual process and exposes the operator to the risk of a flash fire due to ignition by static discharge from the powder or the operator.
%&%mgﬁﬁﬁﬁﬁﬁﬂ%%%ﬂMAﬂgmmﬁﬂ¢,ﬁ#ﬁ%,Eﬁ%iﬂﬁﬁ,H%ﬁlﬁ%ﬁ?ﬂ%%%%ﬂ@(E%%ﬂﬁ%AE%%

TS .

. The coating solution is then sprayed onto the tablets as they are mixed in a coating machine. A closed coating machines presents a risk of solvents
as vapor accumulation and explosion.
AREBRNNEERREERZ R £, SAXBRIEERER SR SRIRAIEERR.

. Typically, open coating machines are used. There is a risk of a flash fire as the solvent solution is sprayed into the machine.
BEEANEFRERIEXY , AERRERANE AN KN,

. The coating machine is usually highly ventilated to keep solvent concentrations below explosible limits. There is potential for risk of ignition in
the extraction system.

BRIBEBEEX , LIRSS SIRERTIRIERR. EEmRRRPEEE NG,

Typical Safety Controls & Options to Get It Right:
HBIRT S HEEIE MR X

. Eliminate solvent based coating by design — use aqueous coating solutions where possible.
BSIRITRETREHRETIAFIEX | ERKEEKER.
. Use a pump to transfer solution through the sprayer instead of compressed air. Ensure the spraying lances and nozzles are fully earth bonded.
Nitrogen may also be used if pressure transferring however consider asphyxiation risks.
AREEEKRER , MAREREETS. WHRECHEEErED. B, WHEELEEX , SS0LUEREEEE R RNERXG,
. Ensure there is a high ventilation rate inside the coater itself to ensure the system is always well below 10% of the lower flammability limit.
Ensure there are high integrity safety interlocks to stop spraying operation if ventilation fails. . .
BRI ARERIFTEEN , BREFN (FFIZESIRE ) BRETRRTIRN10% . EEEUENR2EN | mBXEHELEER,
. Flammable gas detection systems in the area to alert to accumulation of vapors.
EZXIFREZRSRUERS , NSRS ETURMIRE,
. Ensure the exhaust ventilation system is suitable and explosion isolation systems protect the ducts from flashback in the exhaust system. .

BENHSENAR. BIFRERSR , LURHHSEEREIKGRR.
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11. IS

0%} Big Bag Unloading

Big Bag Unloading
IESED )

EARTH
BONDING
POINT

. Flexible Intermediate Bulk Containers (FIBC) ranging 200 liters to 3000 liters are used to transport, to
store and to transfer combustible powders into manufacturing equipment.
FIBC (RMEEESE , 200-3000F) ATz, Fhlaliiiintt , LIEiEmmpl =t

. Liners are used insider FIBC to protect the products from the environment (humidity, oxygen, impurities,
etc.),
FIBC AT , LMRIFF-RASINERN (BE. 85, 2¥5%).

. FIBCs types are categorlzed in A, B, Cand D. Liners are classiﬁed inL1,L1C, L2 and L3.
FIBCS A, B, CFI DS, HAIAEL1, L1C, L2 F1 L3ZERA.

*  The correct FIBC type must be selected for the powder being handled and depending on the risks of
flammable vapors also being present
TR EROM ISR IERAIFIBCEEE | iERREA T REEFES SR SHIXIE,

. Loading and unloading areas may be surrounded by safety light curtains stopping the operation in case of
unexpected presence.

FHXFERER RS . ARSINENERKIER B5EIHETT.

Process Hazards to Consider

EEE%LEBQIZFEE%
Loading and unloading operations present the opportunity for significant static electricity accumulation to develop on the materials or
the powder itself during charging.
HEMREPRPE SRR (REINEEmL ) .

. Accidents involving discharge of powders are not uncommon in the process industry.
MEHEDEHE ERT AR NS AZ I,

. A static discharge could ignite the flowing powder or airborne dust generated or flammable vapors present in the area (e.g. if solvents
are also present).
EREERREERTRES [MARAN PRI R, =SHPRIMLLIR SRS (ISRZKEBEFEEH ) .

. Some FIBC systems discharge into pneumatic conveying systems which can also cause significant charge accumulation if not properly
designed. .
—EFIBCEIRIESIERAE R . WRERZITAR , AFSBEERI5EB RN,

. Selection of correct FIBC and liner type for the powder and environment is critical to prevent accidents. Refer to IEC61340-4-4 .
FRABMEME RIS e | ISR IERIFIBCLAR AT | XTI EE X EE,

. Ventilation and dust extraction is important to minimize the airborne dust concentrations
BEEXARRE , FARERD=SSHMLIRE,

. Discharging FIBCs into flammable liquids is extremely hazardous as it is easy to create conditions where a brush discharge could ignite
the solvent vapors in the vessel.

WNRFIBCEEIRES NIRRT |, KIGESRERIRA. R 4rInIseB R AR A LS IS 2R ha0aTIES.

Typical Safety Controls & Options to Get It Right:
Hﬁ:ﬂﬂzﬁ" hIFEHEFN IE 8 %

Minimize airborne emissions and spillage by ensuring integrity of connection of the filling neck/discharge neck from the FIBC.
IMEEFIBCEERL. EIRHERSRONTEY | RARERAHDMERE. HESSH.
. Ensure good housekeeping, avoid powder layers.
RIFESRRN | BRI EE.
. Don’t use FIBCs in Hazardous areas without certification (IEC61340-4-4). Check FIBC quality by conducting internal tests (fabrics, liners,
labels and pouches). .
Al KA EFERIRBINERIFIBC (IEC61340-4-4 ) , PUEBIGIFIBC URE (4. W, in&liREse
. Eliminate the use of type A FIBCs from Hazardous Areas as there is no control over risk of charge accumulatlon on the powder or the
liner.
TREERIRKIRAEFAARFIBC , EAEXIHFFNR_EA9E%E EFXG S B bEE.
. FIBC type B should be selected only in absence of any gas / vapor explosive atmosphere and for MIE>3mJ. .
BRUFIBCtE RAEFIERE SRS/ Z R ERIATES , EMSIMIE >3 mJ,
. Never forget to ground FIBC type C. Organize frequent training for operators. When possible, interlock loading and unloading
operations with grounding system. Ungrounded FIBC type C is the main cause of FIBC fire/explosion accidents.
%lBCKEFEi&?&i&  WRTEAREERE. WnTse , E/MRMESEIRGRM, CGUFBOREEM , ESEFIBCIEXKR, 1BIFEN
. Inert vessels containing flammable liquids or vapors receiving powder from FIBCs.

2B BRI SR RIS RS I FIBOIRHR NI EIS L.
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12. ARBNERSG (&

ﬂbﬂ*ﬁ'%éﬁ ) Powder Transfer System

Powder Transfer System

. Mechanism to enable the closed transfer of pharmaceutically active powders from containers
(e.g. drums, FIBCs, kegs) into process equipment such as reactors, mixing vessels.
%;%éﬁﬁ%ﬂ%%‘fﬂﬁ%%ﬁ%%x@%% (i, FIBC) HFEZEITZ RS (RME. BE8S)

Ll

. Designed to minimize the exposure of personnel to harmful chemicals e.g. comply with REACH
strictly controlled conditions,

%ﬁgi%&%ﬁﬂﬁ@@&)\ﬁ%ﬁ%ﬁ SRR, BIANFFEREAGEIIAY SCC ( TRl
) E3K,

. Materials may be transferred in lean phase flow using large volumes of air flowing
continuously through the system, typically separated from dust in a large filter. or.

AILUBT AENTZSMESMS RS , L W8 SOERSSIREE, —REd— M Ked
e STIIR S SIED B,

. Dense phase flow (powder moving in slugs, moved by pulsing pockets or air or nitrogen).
5E | AR BIE SOERE (MR EIRE) , BT =S5E S5 )

. Solvents may be present e.g. conveying of solvent damp products..

HREFEET (BfEmEERrTTm ) .

Process Hazards to Consider

FEEENIZRERE:
. Lean phase conveying systems routinely generate combustible dust concentrations in the conveying pipework, vessels and filters
presenting the risk of ignition.
"R EREESTEREEE. B TR ERNRINRESTE A, B XU,
. Dense phase conveying systems also transition through combustible concentrations. In both cases a mixture of flexible hoses and fixed /
metallic pipework is typically used.
"B ERRFHOIRES  BERUETRERETEITE. NAMERFEEER. BEEE) —RBENERAREENRENEEEE.
. Low minimum ignition energy (MIE) of product may increase sensitivity to ignition sources e.g. electrostatics.
B/NRUKBEMIE (A= FaXd KR ( WNERER ) BURERS.
. Hybrid mixtures (i.e. dust and organic solvent vapors) significantly increase the explosion hazard. .
ZIEREY (MLTETBRIESRES ) ESBINTIRESK.
. Bulk cone discharge in the receiving container .
RS BRI EKROSER/BLER.
. Electrostatic ignition sources might develop e.qg. if conductive parts of the system become electrically isolated (broken or missing earth
cables) or non conductive parts are installed (e.g. non dissipative transfer hoses).

IJRESEEFBE KRG | SEEMHKEESIRET (AT EERK ) | SREERIESEEM (W RNEEIIERIRE ) .

Typical Safety Controls & Options to Get It Right:
BT S HEIEFN IEfR i

. Receiving vessel should be inerted where possible to reduce oxygen concentration below minimum ignition concentration.
BB Et  @REFEREETRERORE,
. Diameter of receiving vessel should be limited in order to prevent a bulk cone discharge. .
PRI SRINER | LLLEREREIRIERIRE,
. When handling products with MIE <30 mJ operators should be earthed by footwear etc.
HFEMIE <30 mJ BY , REA A RIEMEE | 20 (FREES) .
. All equipment must be conductive (< 108 Ohm) and grounded. Metal equipment should be earthed < 106 Ohm. Note: Insulating internal
coatings are permitted if the breakdown voltage is < 4 kV.
FrEIREWV/RSHE ( (<108 Ohm ) b, £EIREFIEMEIE < 106 Ohm, EE : WMRHFHEFE<4 KV, FLURIHERRIESRE.
. Generally, flammable solvent moisture content should be less then 0.5%. Limit max. mass transfer to < 1 kg/s to limit the risk of charge
accumulation occurring. . .
—REIRHI BB S E(ET0.5%. BRHIRAYIEHERIRE <1kg/s, LAEHIFREB RN,
. If air is used as the conveying gas, use high humidity air where possible. Care in low RH.
BEFEASSEAMERSE  RuRERREENES. BWEE (RH) R, WEWD,
. If transferring a solvent wet cake consider risks of hybrid mixtures. In inert gas should be used as conveying gas.

URATEENER , EERSEIHIREE | FEERBUESIMEAS RIS,
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—N \
13. B centrifugation

Centrifugation

Bl

Centrifuges (vertical or horizontal axis) use a perforated basket lined by a filter bag. A slurry is
separated by centrifugation as a wet cake (isolated in the interior of the filter bag) and mother liquors
(discharged to tanks).

(HERERN ) BOWA , —MNSFBRERAT LRSS, Bl e e s g s = |, ETRE
DTSR, BRKEERIRESET,
The wet cake is washed with a solvent to remove impurities. Some industrial equipment with baskets
of more than 2 meters of diameter rotating at several thousand RPM can isolate hundreds of kg of
product. The centrifugal force is huge.
AR RIRHIARR—EZR, —STWEONITUARE O EBAFNFR  REEREERT2XK,
BRESABL TR, BUOHEERN.,
Typically, a mechanical device peels the cake discharging it to the bottom of the equipment or directly
to a dryer.

BE B MIMESKEHNE | SRIHNERESERMNEERHEATIES.

Process Hazards to Consider

FETENIZRERR:

Movement of the centrifuge can generate static electricity (especially with high resistivity liquids. ).

(TCEZEFERERRA ) O TIE=4ErI5HERE.

When rotation at high speed, sparks or hot surfaces can be generated. Basket unbalance due to e.g. fast slurry charging, bearing failure,
unstable flow, corrosion, blocked nozzles are typical issues. In extreme cases vibration can cause equipment failure and spillage.
EIRNERE T K IEEAGRE. KRR RS B TS, RIRIR, HRIRENSE. Bt HEREREENTR, TREERE ,
BONBEZ RN SEIR SR IIEETHEE,

If the centrifuge is discharged manually (e.g. to clean or scrape residual material), there is a risk of operator creating an electrostatic
spark, igniting solvent vapors.

MRBFONEEALER , EIEEEHEIRREE | BIEARBFEFHBENIEHE. ARNEHIZSAINE.

Pressurized transfer from the reactor to the centrifuge can overpressurise the centrifuge when the gas breaks through/reactor runs
empty.

MRNMEZE OB TEDERIRE  BOTNEBENK, (SRNEEEET  EESHFERNEEEHANBON )

There is a danger of operator asphyxiation from by nitrogen leaking from the equipment. The risk is increased if the room is small /
isolated. .

FENRBHESTIMEARNREZENG. SEER/NSEITR , KIS,

Typical Safety Controls & Options to Get It Right:
HRRR SEHIE BT IERRE

Avoid unbalance at all times (unstable flow etc). Vibration sensers should detect unbalance and reduce the centrifuge to safe speeds.
YRR ER INEEAFEERRE (WBLERREHNRESE ) . RMERESNEI N ENESE IURRERSTE.

Apply centrifuge blanketing with nitrogen and pressure monitoring . It's strongly recommended to continuously monitor the oxygen
concentration in the centrifuge and trip the centrifuge operation if the limiting oxygen concentration is exceeded. .
BUOVAERESHESENEHTEREK. BN EFE O NESNSRERN , SEEdaSREIRENZBEMELEEONIET.
Automated slurry and wash control with pressure monitoring is recommended. . .

EN BRI RN RIS P B E DR,

Do not open the centrifuge to scrape/dig out the cake. Discharge the residual cake layer with a nitrogen “knife” or remove it with
solvent. Inverting bag centrifuges are preferred as they avoid the need to open equipment. .
TETFROYKEAfZiEE. DEFRBRHTLUET "@SE7)" (ELRS) SABEFRER. MR LB ERNEOMN |
NAREEFTHEOERE,

Small isolated rooms where inerted centrifuges are used must have oxygen alarms to prevent asphyxiation.

EREOHIEN | N9, MZRBEOERESEIRE | LBEES.
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14. ijf‘\'; :%é}‘[_\, Thermal Oil System

Tank

Thermal oil systems work at elevated temperature to transport heat from or to process equipment.

RERRESE FLE , /N T2 EEEENE,

The oil is heated up in a heater and than brought to a reactor or heat exchanger to heat-up a product.

HTENTREE PRI , AR SERSIEMNEE | TR,

It is also used to remove heat from a product. Then the oil is cooled with a venting system in the air.
WELIATHEFRIRE | ARETSSSHRER L.

A pump is necessary to transport the oil, with pressures typically around a few barg.

EEEENER , BEE/ 1 bargEN

An atmospheric expansion vessel with stored oil is placed above the pump.

ERZAISBE—EIE B4 ( expansion tank ) &7,

Process Hazards to Consider

SEEENIZRERE:
. Thermal oil system have large amounts of oil at elevated temperature (100-300 °C) and form a direct danger for humans to get
burned.

PMARFHEAERIEFM(100-300 °C) , B ARZIBNE.

. The oil may be heated up in a gas fired or electric heater where tubes can rupture. Often the oil is heated above its flashpoint
and therefore is a volatile and flammable liquid. .
SHRMEEINRAEPHRIASEEINR , XEBDHETT RN, BERSEIRAERENSRLUL , RIS seFEriER. SMATRIR,

. The hot oil is transported by a pump that might be above to generate pressures up to 8 barg. As leaking flange can spray the
hot oil in the area generating an explosive mist. Mist can be ignited and generate a fire or explosion. Spills soaked into lagging
also present a fire risk. .
*%Eiﬁﬁﬁ’éim  HIE bTLSbarge WMEA=IMEE | PURBRETHSR | IEZXKIEE=HIEEMATHE. HER AT R X REER
KE, Pt RRAEERAERFBEEIKNE,

. The atmosphenc tank can introduce oxygen resulting in an explosive atmosphere in the storage/expansion vessel.
SERHNBEES , ERHERE/ SRR,

. The thermal oil generally degrades in time due to some cracking, resulting in a decrease of the flame point of the thermal oil,
and therefore an increase of the likelihood for a fire or explosion. .

POHSBAIER (GHEE ) | SEERARHE , BLOKKR/IRERIRTREMEE.

Typical Safety Controls & Options to Get It Right:
ﬂﬁ:ﬂ&é&%ﬂ“ﬁﬁmmﬁm&

Hot pipework needs to be insulated to avoid burns. Insulation can be made from materials that do not absorb the oil and start a
fire under the insulation.
POmEERS , BERERG. FRRWRIERRECH | FoERREREX.

. Bolt tension of flanges need to be controlled after heating the oil. .
I E R EEHIA =g KA.

. Flanges can be protected by a cover to avoid sprays. They should also indicate the leakage visually. Locations around flanges
should be designated as hazardous areas, as should the expansion tank. .
R RP I AHESEE, SXRMENE | bZeeET BN NEEASHR, SRS ENRERRE , i
BraXiEgtErelaXid,

»  The flame point of the thermal oil should be validated regular and when flame point has dropped below a set criterium the oil
should be replaced. .
TERRIRHRRIR AR TINE . SIRAPRRENREIVEER , SRR,

*  Tubesof heat exchangers should be inspected, inline with corrosion and erosion ageing expectancy. Tube failures on gas
systems must be quickly detected and oil flow stopped.
T@E%Etﬁﬁql’ﬂm%{{ﬂ’ﬂﬁﬁﬁ . SHEASSHIHHETERNE. TRSIARRE | HIRHEIRASERIREENE , =T
7L/ 1be

. Thermal relief valves should be included for process parts that can be blocked in and be heated-up.

BERCEERAINAAO T 280 , ROZIRAAZ LM ( thermalrelief valve ) .
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15. %z Lr-'IJ ?Q}E Ammonia Refrigeration System

Ammonia is not an ozone depleting gas and does not contribute to global warming (GWP). It is an
efficient refrigerant.

KB —MEHRIHISH , FNEAREEER |, HIRBRERL,

The Phase out of HFC refrigerants under F-gas regulations has resulted in an increasing use of
Ammonia refrigeration within the Process and Food industries particularly where temperatures
down to -25C are required.

BT EHESEMERIZLGAHFC (S@bee ) |, ATl m sz ERER S F= S,

BRIRER-25ELI T IZiRE.
Whilst it is safe inside the refrigeration plant, Ammonia is a highly pungent and highly toxic gas
which can form at high concentrations explosive mixtures with air (LEL=15 vol%).

BAEHSRERMBREREN  SEAFE—MRBEURSSSK , MBEBESSHAAFLES

SR (LEL=15vol% ) .

Process Hazards to Consider

SEETENIZRERER:

. The principal risk presented by Ammonia is the acute toxicity of the gas. Exposures to concentrations above 1500 ppm will destroy
respiratory tissue, however extreme discomfort can occur above about 500 ppm and you can smell it at concentrations as of 5 ppm.
FENSMSHERETENK. AREET1,500ppm LA ERGKRER , SSEIFRELSIA , (E2500ppmll FIFARSEEWRERNE , 88
B RERNEZE5ppm.

. Release of a full charge of ammonia gas e.g. due to a catastrophic leak can result in acutely toxic gas clouds which can accumulate at
low levels at cold temperature; at atmospheric temperature NH3 is lighter than air and will go up.

ESERMERT | GIRIKEMATHEE , BTFEER  SSERUSHSARERLMRE. BRTaSHESE s LAESL.

. At e.g. a power failure NH3 liquid can generate pressures above 15 barg when heated-up to atmospheric temperatures. .
LEHFEBER T  RENEIAEER , 2% 15bargll ERES.

. At concentrations between 15%v/v and 25%v/v it can become explosible in air and present a risk of explosions in plantrooms, although
such incidents are rare. Compressors are not rated for Hazardous Areas and must be protected by gas detectors and shut-down
systems.

RETSHIRIERETCE15%V/VE25%v/v, REMEREFHRON , QUSTIBTSEFEREXIG. [UEENATEMERIRKIEER (5
12 ) ERAESIMENAREREhKIA RS,

Typical Safety Controls & Options to Get It Right:
ﬂiﬁzﬁiﬂ%ﬁﬂmﬁﬁ%

Minimize inventory in a single system to reduce the maximum toxic load due to failure.
BOBNERGNERE | LSS EHYRTENRAR.
. Dispersion modelling conducted to ensure toxic hazard zones are understood and Emergency Response Planning Guideline (ERPG)
limits are not exceeded offsite .
BHTRMIEENTE | F(RERS Y RIEREMAIXE, T /MOKRERNED R SR R ERIRE.
. Ammonia plant rooms should be constructed using damage limiting construction techniques e.g. explosion venting and high strength
walls. ..
KURTBER I ERFAEFIR R MEERIROR | ATMHRES, SoaEik (BhRE)
. Validate mechanical integrity of pressure systems and pipework (often under insulation).
WIEENREFNEERS (BEEREET ) ATUIRTELE.
. Validate pressure valve integrity and assure a safe vent location at a high point.
BRI eH  REREELREIE.
. Plantrooms that contain ammonia piping that is not welded, should have ammonia gas detection and good ventilation with an alarm
indicting the ventilatlon is out of order. .
ElEEEEENEEN BEERZERSIRURERIFIENR , HBREFENER HIRE
. A secondary heat exchange fluid (less toxic) can be used to keep ammonia out of occupied bU|lding.
ER— RIS (SRR ) LIRS LSS AA R TSR,
. Ammonla gas detectors in compressor rooms must stop the compressor in event of a leak.
BRER , ERUEGETB RN SRR R E R S ESE .
. TOXIC Havens should be con5|dered onsite, that remaln free oF ammonia in case of leakages.
==

ER[XANE Stk
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/—r=o
16. = 2,._\,\ Asphyxiation

Asphyxiation
REER

Inert gases are widely used in Pharmaceutical manufacturing operations to displace oxygen inside
equipment either to prevent fire/explosion hazards or to reduce the risk of microbial/bacterial
activity in sterile processing.

ESAMERIZEF-SEF 2R |, BTERsshiasliEman o /EE  HERRTE LS
R,

Inert gases arise from cryogenic liquid systems (e.g. liquid nitrogen /PSA plants, or smaller scale
Dewars) or typically as compressed gases (e.g. suppliers from cylinders and gas distribution
pipework in buildings.).

EHSATEERBRBERIARS (WRE/PSAREE | /\DewarsEE ) , BiERBEHESMA (HAEH
SHREEERASHREEE ) .

Process Hazards to Consider

EEENIZRERESE::

. Most process gases present risk of asphyxiation if they are allowed to leak into occupied plant areas. They will displace oxygen from the air
and reduce the availability of oxygen in our blood.
MERHRETIEZA , 28R TZ2SHHSERERNNR. BilgER=S+HNaEs | RO MRPaSaE,

. The normal concentration of oxygen in the air is ~21%v/v, below 17%v/v judgement and decision making is seriously impaired. Below 12%
can be fatal..
TEHREEESRE~21%V/V , KT 17%0 ARFETDFIRREENTEZIR, (KT 12% 28517,

. Most asphyxiant gases do not have an odor or smell. Two breaths of a fully depleted environment will result in unconsciousness and death. .
SHEEMSINTESR. 85<8fREEETRINER | RIFRESEGEERRIIGEL.

. Some gases (e.g. carbon dioxide) exhibit toxic effects at lower concentrations and this can lead to the onset of asphyxiation or serious illness
sooner..
—ESK, TEMAK , ERENKRE TSRNESEREN , XSHES /M ERmIRRIATE,

. Entry into confined spaces where residual flammable or toxic gases may be present (vessels, underground sumps etc.)

HENZIR=E) ( JREABAIMSREETESANE=R. WTHRE)

Typical Safety Controls & Options to Get It Right:
BRIRY T SR IEfR i

. Wherever asphyxiants are introduced into occupied buildings, a detailed assessment must be conducted to assess and minimize leak points
and leak rates and ensure ventilation systems are effective in removing leaks. .
ESINERMEMERNTIEART , WRABFEANXIGITEE , RERHRR. BEHREE , HBREEBIEXAERRR.

. Minimize leak rates from plant by reducing pressures, limiting flowrates (orifice places etc) and leak paths e.g. using fully welded pipework
where possible. .
BIIPEED. BREGDE (RRFLR ) FIIEEitRR (WNRECRTSIEENEE ) | EilRERERIR(E,

. Ensure ventilation system failure is quickly detected (alarms). ..
TRBX A GBI RONR (RHIRE ) .

. If calculations show there is a risk of dangerous oxygen depletion from a leak, install oxygen depleting alarms to warn people before
entering and interlock gas supplies is possible.
MRTHEENRESHERENEK , DREERSRERERATARFNZKSBFHEHRE , FE (W78 ) BSKAEESMES.

. Use personal oxygen alarms during interventions on system containing gases. .
XERSANRFEHTHIEHBRETIUERT |, FRESS T ARER.

. All confined entry plans must consider the risk of asphyxiation and rescue arrangements. . .
FrESZIR=S AN RIEBA S R IR E B AR S %

. Train workers in the risks of asphyxiation — often emergency responders also become casualties because there is no obvious warning of the
case of the incident.

R TRENEE)II—ERBBREREE | BISEAXIRIEARRAT.
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EJZ:%\E*E:Q Maturity Models

= Published by safety topics team L& /\BFf AT

= Safety maturity model included 14 safety topics, covered high risk activities such as permit to work (hot
work, line breaking, confined space entry, and work at height), lockout/tagout, life safety, etc...

TENAEERERIANZTEER , BEEXRED , FIaNRFa (Fk(Rlk. FE. BR=EMEEIRL ) | it
E/frE. ERREF.

= Use a common framework to ensure alignment and consistency (starting out — developing —

Implementing - Leading) Remember: i24F

{ERZ—RIZEH , BR—EE (ER-KE-T-38S) Make it easy RATREE/E

Make sure it adds value FIRESHINE
Make it user-friendly BB &%F

= Tips for implementation: #17/)M&73~
- Grow maturity across the topics FrGIERE , BHIESNEE
- Prioritize based on largest gap or highest risk iR{IE&REEE B2 X SIRENTTR
- Get the basics right IEFaEREMANIR

- Make the implementation sustainable: Awareness — Foundation — Implementation — Sustainable {$25C
e RT3 R LAY SEHE - AT
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General

B fEiR

Assign a qualified person to
oversee each safety program

Comply with all federal/local
safety regulations

Provide general training to
relevant personnel

Ensure that
employees/contractors have
received mandatory training,
and possess the relevant
certifications and qualifications
(e.g. licensed electricians, forklift
operators, etc.) for specific
tasks/activities

Conduct basic risk assessment
for high risks related to work

BEE— TN ENAREEBNREER
FEBUE/MSEREEN
LERRARIRMEALE

MR - RT/EEEEZEIE, 7
BSREAFIMESS (EERAN AN
1& (BN - BTOE. REFIES)
NFEXEIEXTE , #77EEAN
MBS

Report all incidents including near
misses

Provide in-depth training for
employees who have responsibilities
to execute specific job and tasks.

Develop inspection and/or audit
programs to ensure that procedures
are effective and consistently
implemented.

Analyze each incident/near miss event
and share with all relevant parties

Develop and implement a formal
preventive maintenance program for
life safety equipment and other
critical equipment

Conduct risk assessment covers all
risks related to work

© ORATES , BEREEH
* WERETRIAPLAESHIR THITRAN

Ay

© HIEREN/EERER  RRRERATHRT

e

* PERSER/RESMN  DEEREEXS
* WTERTERBNEEXEIRE , fIEnH

1T SRR
AT | BEESTIFRXAIFE X

Provide feedback to relevant personnel
to identify improve opportunities

Provide refresher training to
employees/contractors at a defined
frequency appropriate for potential
risk

Develop engineering specifications for
new purchase or modification of life
safety equipment and other critical
equipment/devices

Apply management of change process
for critical equipment

Review Hazard Identification Risk
Assessment ( HIRA) periodically

AR ARIRMRIR | RPpREUARIS

LAEHRRISER |, GBEERINE , ART/EE
FIRAtRIFE)I

JIHESEE USRI E fp R 2 IREFIE X R
’%E  HIETEE

XRBIRE |, PUTEEEE
EHHTEEARRXE S (HRA)

L]

Conduct an annual safety
improvement review to
identify improvement
opportunities and develop
actions accordingly

Build a high level of safety
capability for safety
professionals (e.g., CSP, CIH
or equivalent), managers,
supervisors and employees

Share good/best practices
with other sites - create a
safety forum to
communicate best practices.

Apply up-to-date
technologies and best
practices

HITEETSRAEIR , KHaR
KNS | FIEBR T
SFLeEEWAR (B0 : CSP,
CHaHE ). £, £8MR
T, @&r=/kELeke

S8 T] 9=/ &IFCK-#E7
TSR RERIESLHK

N e AR ARFOERAESC



Permit
to work

TEFa

Develop PTW procedures (e.g.,
training , approval process,
safety guidelines,
communication, etc.) for each
person performing, approving
and/or affected by the planned
work. The permits process
includes (but is not limited to)
higher hazard work activities
(e.g., Hot Work, Confined Space
Entry, Live Electrical Work,
Lifting, Excavation, Elevated
Work, Line Breaking etc.).

Develop specific permit forms
for each PTW element.

Include limit time frame for each
issued permit

Ensure that all permits users and
approvers are training and
competent

HETIEFaIfErR (flan : 11J|| #t
ERE. €280, XRE) |, 81F
S{EIEXRIE MY AJ\ ?HS/E?F[I/
HZE MR T

* BATIEFY |, SIESER R RS

;‘%ﬁﬁ?ﬁﬂ’ﬂﬁﬁl , BEEREREIE

HRFTFBIFRT RO P AR EE S

A pEfE

Provide training to all permit users
and approvers

Display list of approvers for each
permit

Conduct work area survey before any
permit is approved

Keep permits for one year to allow
ongoing review of program
implementation.

* SFTEFRIERRRFHES RS

BN LERERFIESTIR

© EEHETFEHNEZ R, T TEXEINTEE
* REBVFANE—5F , LU TR TR

AYLFE

* Conduct audits of the Permit-to-Work

process to ensure all details and safety

precautions are identified and properly

addressed.

Verify permit form preparation for
completeness and accuracy.

© HTILIEFAEL , KIBRMEETNEE

NP M40 T
* ZSEUFRNIERISHITSEE AR 1t

Analyze data from incidents,
near misses, inspections and
audits, identify gaps in the
implementation of permit-
to-work program. Share
assessment results with
relevant personnel

Review permit-to-work
regularly to ensure the
relevance and effectiveness
of the process.

Develop electronically based
PTW system

DTS, RESG. WEE
THEEE | RB TR TR
51;71' B2 SERARSFT

EHRER TR AIRER | IRR
e NP SETIIESEY L

IELIRFARER , FIRBEFIR
R4t



Starting out 2

Developing &

Implementing 117

Leading &

Confined
Space Entry

BIRZEFIL

PSCI

* Develop confined space entry
procedures (CSE), including a
specific CSE permit process. The
procedure identifies safe entry
conditions (e.g., isolate, clean
confined space, ventilation, air
monitoring, rescue and etc.).

* Develop confined space inventory
list

* Display warning signs for each
confined space

* HIEBR=EWFWER (CSE) B
FSERICSEFFRIAE. XMEFEIR
BIREHNRIRM (FI40 : IRES. B
[R=EREE. BX. SRR
BE)

* HIEBREEBER

* BN ARTEHEERETIRR

* Perform LOTO to physical disconnect
hazardous energy sources in preparation for
confined space entry

* Provide safe access to and exit from confined
space

* Perform air monitoring for confined space
entry

* Assign monitor to actively oversee any
ongoing confined space entry activity.

* Confined space inventory identifies the
known hazards of each space under standard
entry conditions. New hazards are evaluated
for any non-standard entry condition (e.g.,
welding, coating, etc.).

© WHEERTENRILET , ZEHITLOTO , MEERE
IR TR

© ERERTENZEHNBERE

* BRT=ERERTSEN
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© BIRTEFER  EBRBIHEREEAFRE TRIE
FMEE., SHEAEHEREENFEM (0 185
nRE) [ BEHEHHEE

* Develop specific confined space

rescue plan related to each

identified confined space.

Ensure equipment (e.g. gasmeter) * Entry boards to keep track of
are maintained regularly people inside confined space.
Review the employee * Conduct confined space
competency (people, equipment) rescue drill periodically

on an ongoing basis to ensure

confined space entry can be

performed safely.

Identify non-entry alternatives

X HRHATEIRESE , B
HRIR R WIS ET)RIEHR . S i e R
SNSRI (AR ig@) | AL REEHIRE
LpRERS AR, | D
FRIRENGIRSIRIAT . : .
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Hot
work

sk AEdk

Develop hot work procedures
including identification of fire hazards,
proper ventilation, preparation for hot
work, permit approval process, fire
watch, details of requirements if fire
protection detection/protections
system is isolated.

Identify high hazard areas (e.g.,
buildings with combustible
construction materials, areas with
flammable gases, liquids and etc.).
Identify designated areas where hot
work can be safely performed without
a permit.

Make efforts to perform hot work in
the designated safe area(s).

Place fire extinguishers as a basic
requirement for hot work.

HFIESIKABWARR | AR KREESNRA,
EHAEX. XIS, (EIER
2. EKA, NSRBI/ ARIF RS
BTEIIER T |, AARRVETEK
IRBISEEXE (420 : BrIAERME
RIBRE. IS/ RIFXIES )

RIS ERXEY , AREDIERKARITT
AEB A AR SRIHTEXIRE
SHERRENT 2 REAH TaX L
BCERKES , (EAaIKARIATE AT K

Assign a fire watch to monitor each hot work
activity outside a designated area.

Remove or protect combustibles in the area
to establish safe perimeters for hot work
Conduct air monitoring if hot work is
conducted in the areas where the potential
for flammable vapors exists

If hot work is conducted in a confined space,
the space must be cleaned and
purged/washed before air monitoring is
conducted. Continuous monitoring of the
area is performed for duration of hot work in
the confined space

Install flash arrestors for fuel/oxygen
cylinders

EEXELAI , BiEE—R K AKSIFERE)
KARAlER)

ifﬁ%ﬁlﬂ%)f'i%@itﬁ’ﬂﬁmﬁ% , BRI RS
by

RN KA BB BTER SRR SR X ST
i, BTSN

RAERRENB TR , TSR
WLARY | BIRZERLSGESTML/iE%k. £
EJ PRESEIRHATEANARALERE) , ERHTHEATR
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JIRRl SR BB K R

* Inspect the working activities to

ensure permit conditions are
maintained

Perform calibration of air test
equipment based on the
manufacturer specifications.
Include the requirements from
insurance carrier in the
procedure (e.g., impairment
permit, notification, etc.)

ﬁﬁﬁ%ﬁﬂﬂ%%ﬁﬁﬁﬂ#ﬂ%
IRIESIARIEOEN | BHTSIATARE
SRR

AP EFRRIE A EIRIER (a0

ARFA], BRI )

* Use alternative approaches to
hot work where reasonable
(e.g., conduct hot work in a
controlled area, in
maintenance shop as an
example)

* Use low energy ignition as
much as possible such as cold
cutting instead of hot cutting

© EGEBRT  sIEKIRL
FFRRIECRYTTE (fIaD © 7=
il X SCRERNK ARl | IaNTELE
1EZE0E )
© ReJRefERRRREERKIR | 4N
RYIEMEREDE
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Log Out/
Tag Out

E/TRE

PSCI

* Develop lockout tagout (LOTO)

program including all types of
hazardous energy (e.g.,
responsibilities, types of energy
sources, steps to perform
lockout/tagout, shift changes,
group locks, exemptions etc.).
Provide appropriate LOTO
devices and set up LOTO
stations

HIEME/frE (LOTO) e , &
IESFSRAIRYEERENR (40 - BR
2. BEREEL. HUTHIE/fRERIE
. HRRE. B8 fI5NE)
RHUSERILOTORS , #ZLOTO
4

Implement LOTO program by trained
personnel

Develop LOTO exemption inventory list
for job activities which can only be with
energized equipment to ensure job can
be done safely

Conduct survey to identify equipment
with non-lockable isolation points.
Develop a plan to replace those non-
lockable isolation points.

Develop specific SOP to ensure the work
can be safely conducted without a formal
LOTO.

RZEINRTHITLOTORER

YR BBEIRE A REHITRIL(EER , HIE
LOTOEASIBR , LIRR TIFREB LT 25eRk
HTREE , BRI ERERAIRE.
ET ISP ERIPRE <
FIEFERISOP , KHRIEIRBIETRILOTO
RIMBR P LR £t T T(F

* Conduct regular audits of the LOTO
process to ensure that the program is
consistently and properly implemented.

* Implement equipment specific LOTO
procedures for equipment with multiple
energy sources

* Add to engineering specifications
requiring new equipment to have
lockable isolation points

* XLOTOREFHITE IS , RIBIRIERFIFEL

Y. TE=RTHAT.

* EHRERANRE TS ERILOTOIE R

© EIEPEERERMAX—EK | filiREE
BRMERRER

* Enforce behaviours to ensure

that the critical safety program
are implemented.

Replace non-lockable isolation
points for all equipment
Integrate LOTO procedures
with other safety programs
such as machine guarding,
permit-to-work system and etc.

BETARE  FRERKERE
TEFFAISEHE

BRI BElR S RENRE
BLOTORERSHMtLZ SEFES |
SIHVRBAIR . TARFIRERE
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Line
breaking

FEMFIL

PSCI

* Develop line breaking

procedures (e.g., hazard
identification (pressures,
flammable, thermal, toxic,
corrosive, etc.), depressurizing,
purging, cleaning and
verification procedures, PPEs,
barricade, proper tagging,
emergency plan, etc.).

Wear proper PPEs according to
the type of potential hazard

SIEFFERUAER (5130 - BEH
R EO. B, A St BiR
F) (E. Bk, EEIIIETE
Fr. PPEs. ERFE. BEIAURE. W
S )

RIEREEERE | RIS
PPEs

Personnel avoid "line of fire" hazard when
line breaking job is carried out

Barricade the area where work is carried
out

Conduct risk assessment prior to the job
and inspect the site during the job

* Build working platform in the area where
line breaking job is being conducted
regularly

* Conduct audit to ensure the work activity
is performed as written in the permit

A EER , ARNESR "“SEEET . B TR ERE | B TIEES

L P R, LR PR AE L
TR RIS , FET/BENTE e
i

* Collect and analyze data from

maintenance records
regarding line breaking
activities. Identify direct
causes (such as choking,
leaking and etc.) and root
causes of the problems (e.g.,
incompatibility of piping
materials and contents,
operation parameters, etc. ).
Develop solutions to
eliminate/minimize line
breaking jobs.

Include good design for
positive isolation: double block
and bleed etc. for new projects
/ rebuilds.

WEMDITHHEICRPERITE
fRlERIRYEE. RBIEZRE
(GOHEE, RS MR AR
EENEEHIIATIATRE.
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Life
safety

* Develop evacuation procedures,
including evacuation maps with
evacuation routes, assembly
points, critical equipment
locations (e.g., fire alarms,
firefighting equipment, eyewashes,
emergency lighting, etc.).

* Develop an emergency
organization chart, general
emergency response rules and
specific scenario response plans.

* Provide evacuation training to all
employees, contractors and
visitors.

- HIEREIER  SIEERAEELAY
e, EER. XPIRENME (W
KRIRERS, IHPIRE. FEARES.

HIER DBLREDE , — RIS
NARRIFNAF e D RN RL L)
- %jyfjjﬁﬁl FEBTIHERMER
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PSCI

Establish site emergency response team
(ERT) Conduct periodic fire and
evacuation drills

Display evacuation map and define
assembly points

Develop operation, inspection and
preventive maintenance plans and
procedures for fire and life safety system
Use push-open type of emergency exit
door

g IZN SN/ NE (ERT ) |, EHARHT
KRMGRALE
RrmAtEFENES R
FIEHME T E R FHIRF. MEITT
BAtEAE P RIAIRE R
EREAFEREAI]

* Develop an engineering specification for

new purchase or modification of fire and
life systems as defined by local fire codes
and sources (e.g., insurance carrier,
inspections, audits, etc.).

Conduct process safety review including
the risk of dust explosion, solvents,
nitrogen and etc

Conduct monthly inspection for all fire
and life safety system

RIESHEE AR EERE (N, R
NE), BB, BHitE) , SFRBEAISER
REBERFIESRRE RS , SIETIENGTE.
HHTIREREITEH |, GEHTBRIE. 57,
BFME
BRAMEEBIERTERSHITIEE

Conduct emergency drill with
local fire brigade and/or
neighboring companies
Analyze critical parts of fire
and life safety system to
ensure critical spare parts are
in stock or easily available

SRR/ BB A R
(RIVECHS2

DIMHME T £ R FHIKEE
BB RRREMAETRE
BZIRE
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* Provide in-house safety
training for all contractors

* Develop safety manual for
contractors (e.g., general
safety, security, emergency
plan, PPE, incident reporting,
permit-to-work system etc.).

Contractor
safety

. ﬁﬁﬁﬁﬁ(@%ﬁ@?ﬂ%&?@iﬁ
il

- NEEEHELZEFM (HlE,
—fREE. RE. NItk P
PE , EHilkeE. TIEFIRSE

F)

REERE

PSCI

Include safety criteria in the contractor

selection process

Provide a contractor safety management

manual to all contractors
Include contractor safety (e.g.,
responsibilities, basic safety rules,

performance expectations, etc.) in the

contract

Develop an approved contractor list
Report all contractor incidents, injuries

and near-miss events

EAEEERIETEAREIVERNER

R REBREAERREEEFM

FEERPEEREBRTEER (Fl0 , FE.

BEARZEHN, WETHRE )
HIESTAEEER
REFFEREESEN. RIMTIREEH

Conduct risk assessment prior to
construction/maintenance/services
work Y

Conduct inspection and coach
contractor if unsafe
conditions/behaviors are observed
Ensure sub-contractors are proper
managed

bt /45 /AR TAFa , HTXbG

i
REMAZEHIBR/ATA , HTHE
EHESHAER

BROBHEIZEEE

Treat contractors in same manner
as a company employee (e.g.,
provide medical screening, training,
safety promotional activities, etc.)
Contractors are considered as
partners to promote safety
Establish a recognition program to
acknowledge positive safety
accomplishment (e.g., incident free
man-hours, behaviors, etc.)
Include contractor safety in an
annual safety management review
to drive continuous improvement
Conduct contractor safety
performance evaluation.

Include the assessment results as a
part of business contract renewal
process

USRABR TARRISXIRRER

(Ban , REETRE. F)l 225
1&E)
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T —MARRERRS RN Z S
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* Develop procedures including
general operational rules for
material handling and powered
industrial vehicles (P1V) (e.g.,
basic safety, inspection and
maintenance, etc.).

Material * Develop an operational
Handling, procedure for material
Powered handling equipment and PIVs.
Industrial Display speed limit/s (it can be
Vehicle different indoor or outdoor)
(P1IV) * Install mirrors and bumpers at

workplaces

* Develop daily inspection
checklist for PIV

* Ensure each PIV driver has the
valid driving license or the
required certification

- HERER  SEYEHRIEEI
TAPZEE(PIV)RI— AR ERRN
Ban , BALZe, RENERS)

© HEYEHRIZIREFIPIVATERE
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. FHREAPIVEN AR
L AR AT RS
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Conduct daily inspection by PIV drivers,
prior to equipment use.

Develop no-go conditions requiring
equipment to be immediately removed
from service for specific inspection
defects until repairs are completed.
Segregate pedestrian and vehicles
movement areas with physical barricades
(busy areas) or demarcation.

Conduct periodic medical examination to
ensure that PIV drivers are fit for the job
(e.g., eyesight, hearing, etc.).

HIREFEART , BPIVEWHITHERE,
FIESEILERRIRM | EXRIREFETIAG
BEERPERT |, SZBMFLEER , BR4HES
FRYPERERDE ( B ) S RLERETA
MIZE AR X,

PHTEHRRIME | SKEBIRPIVEINEEEREH(E
TR(BIEIA. )

Conduct periodic inspection and function
test by suppliers or competent service
contractor.

Implement preventive maintenance for
PIV equipment.

Establish formal PM contract with
equipment supplier to ensure ongoing
service and maintenance.

FAtN A EE B R RSB TERINE
FIZHEEMI

SIPIVIL & THRG A
SIREHNEEIIFRRIPMER |, SKHEtR
FHERIBRSS N4

Install advance safety devices
for PIVs (e.g., interlock for seat
sensor and engine, blue light,
operating parameter recorder,
etc.).

Develop engineering
specification for purchase or
modification of material
handling equipment and PIV
Select the right type of PIV for
the right type of tasks

NPIVZEFHNT RS (I
0, EERERESFN A TATAYEREA.
BT |, BFSEUCRESRD).
R, E AR E IR & F0
PIV , HIELZISE
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* Develop safety procedures (e.g.,
general rules and operational
procedure, inspection

requirements, pallet * Develop the engineering specification for
management, etc.) for purchase or modification of warehouse, * Use advanced technology for
warehouse, dock and rack * Report any incident and near miss for dock and rack systems warehouse areas (e.g.,.
Warehouse storage operations vehicle/rack impacts * Install dock lock to secure truck for automated storage/retrieval
Dock & * Display maximum load capacity * Wear high visibility jacket (or uniform loading/unloading activities system) to eliminate risks
Rack for racks with high visibility strips) in warehouse * Perform function test for dock lock * Upgrade existing racks and
* Install rack guards/barrier to systems docks to meet the engineering
protect racks * Require use of trailer jack stands during specification
* Ensure that material is properly PIV operations.
secured;

SDSs are available and easily
accessible for stored materials

- BIECEE. WBLRERCHEE
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Machine
safety

imRE

* Conduct survey to identify

machines guarding needs to
provide employees
protection from contacting
gears, sprockets, chains,
drives, pulley heads/tails,
flywheel, couplings, fan
blades, saw blades and any
other moving parts

* Ensure compliance with

applicable regulation;

* Forbid employees to work

on/near any mechanical
equipment while wearing
loose clothing, necktie,
unrestrained long hair,
watches or rings.

HHTREE , IRBIRELIRE
X, jjJ\I]:E1 LRI BBJJ:
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Based on the survey results, install and/or
modify machine guarding to protect
employees and contactors from equipment
hazards.

Conduct periodic machine guarding
inspections to verify safeguards are in place
and operational.

Isolate and lockout/tagout electrical source
before removing guards

Install emergency stop devices (stop button
or emergency pull) accessible to each work
station and/or line

Ensure systematic review of Risk Assessment
and compliance against applicable

regulation whenever the machine is modified;

Ensure technical documentation and
certifications are available and complete

RIEEEER | REN/BEEH2E0IPE
i, MRIPRTHABBRZRERE
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Maintain machine guards in good
condition through regular inspection.
Encourage employee reporting of guarding
improvement opportunities.

Perform periodic testing of each machine
safeguard (e.g., interlock, light curtain,
door locks, etc.) to ensure functionality.
Include machine safety specifications when
purchasing new equipment.

Ensure that the performance of safety
related parts of the control circuit for newly
acquired machinery is proportional to the
risks as determined by use of the risk
graph provided in ISO’" s Safety of
Machinery standard, #13849-1 latest
version.

Ensure machines are designed to the
highest applicable regularly standard.

B ERRE  (RIFTUMBEIRLT RIFAY
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* Control risk by inherently

safe design measures such
as automation to reduce
man-machine interface
Use interlock system for
complex equipment

Bt Bt ERREZEIRIT
ErtERIEHIXEE | SR> A
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Overhead
crane and

hoist
lifting

EEHER

FH

PSCI

* Develop crane & hoist lifting
procedures. Establish general
safety rules for crane and hoist
activities (e.g., lifting,
inspection/testing, testing and
maintenance on lifting system

and devices (crane system, hoist,

hooks, chains, cables, ropes,
slings, shackles, U-bolt etc.)).
Display maximum load capacity
on the beam of overhead/hoist
Check the foundation the crane
is standing on, is capable of
supporting the weight

Prohibit people from entering
the area when lifting work is
carried out

HEE B AIRF R FErF.
B AR TR EED)
AI—ARZZ RN (140 |, $2TT.
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Provide training for operator, signalman
and riggers

Build service platform with handrails for
overhead crane maintenance

Provide safe access to service platform
Conduct visual inspection for slings,
hooks

FEREAR. (55 RFFE LIRS
BEEAFHURETHSHIRIRS FE
RURSTFErNZEHATLT

MR, mEHTEWGE

* Develop and implement preventive

maintenance for overhead crane and
hoist equipment

Conduct and document periodic testing
including load testing. Operational
testing is performed by a certified
professional.

@Egiwﬁimmﬁﬂm&%%ﬁ%
HTHHES RSN | GERE
i, Mt E ARSI ST

Select and install equipment to
meet ASME/ANSI or
equivalent standards

Upgrade existing equipment
to meet ASME/ANSI or
equivalent standards

e Z <A 5 ASME/ANSI
B[RS ERIR S
FHRMBIRELUHEASME/
ANSIEEIF R
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* Assign a competent engineer perform

* Develop excavation * Provide safe access and exit to trench and calculation of sidewall support or angle
procedures (e.g., definitions, other excavations of side slopes requirements. - Benchmark best practice to
basic safety, cave-in controls, * Verify absence of any underground * Inspect trenches regularly and identify identify im rover?went
calculation of angle of slope or piping or cables before any excavation is potential unstable conditions of sidewalls o ortunitlioes
Excavation bracing walls of trenches, carried out. No mechanical excavation is or side slopes . Upzate the diaarams for
falling from height, cutting allowed if there are piping/cables * Excavation below certain meter (e.g., 1.2 url?der round ? ing and
piping/cables, PPE, safe entry around. meter) is considered work at height and cablesgto kee ptﬁerg D to
and egress, emergency plan * Provide warning signs and hard confined space date P P
and etc.). barricades to prevent people from falling  * Perform inspection before entry and
* Develop excavation permit into trench each time after rainfall events
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Electrical

safety

BS

i

2z

PSCI

* Develop electrical safety
procedures (e.g., access control,
equipment specification,
exposure controls, PPE, etc.) for
work involving electrical
equipment.

Establish qualifications for
personnel exposed to electrical
equipment.

* Establish specific qualifications

for personnel responsible for
the service and maintenance of
energized equipment.

Provide insulated tools

Access restrictions in place for
electrical rooms, including the
posting of instructional placards
and warning signs

Site specific electrical system
diagram and drawings are
available and current

7R EBSIRERTFHIER

SLZEeERF (a0, ipaEs.
REHSE. BEE ?%J,PPE%)

EREMBERIRFHNARBIR
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MEL , FFER&HRA

About 1 mt clearance is provided around
electrical panels

Ensure electrical workers have proper
qualification and training prior to
performing electrical work

Develop and implement procedures for
energized electrical work through a
permit-to-work process

Conduct inspection for all electrical
systems, hand tools and PPE.

Maintain PPE (including inspection and
certification) according to manufacturers
specifications.

S E*)iﬂl R LKA AR
HRETEHTESIELE , BRIEY
RUBAEFOLS 1»Jll
HIEFLHEREREESIEWER , LB
SENAF T 975 = SEhE
MEAEESERS , FahTEFMPPE
TRIEFIERAISTE | 453PPPE ( B1E1G
BTFBAIE )

* Develop site preventive maintenance

plan and procedure for electrical system.

Conduct periodic Infrared testing for
electrical systems

* HERS
2R , EEARIEES

s Se S e
ARG TEL AN

* Conduct arc flash assessment
with specific actions (e.g., arc
flash labels, required PPE, etc.)

* BHTINAHEHRENE N ETE
(WJ!ZD SMINFRE | FrEsRIPPE
F)
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PHARMACEUTICAL % Implementing
PSC| ieveian

Building responsible supply chains

WFmERMaIEaE

Chemical vehicle door inspection system

FX | IMER | BREE ( L8 ) BIRRE
Tina Wang | Project director | Dow & Ann Consulting ( Shanghai ) Ltd.,
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*F=4 About Joinhand

= Joinhand Consulting Co., Ltd. is committed to providing Industrial Hygiene and PSCI consulting services
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AP| — Active Pharmaceutical Ingredient j&I4&Z5Y0 5o

OEL — Occupational Exposure Li '%ﬂ?ﬁ%ﬁﬂﬁﬁ \<5<

CPT — Containment/Control P nce Target Z2[A)/A=FEBERHTRE

DOEL — Designed Occupational Exposure Limit 1 1THIERiZftfRE N

CPA — Containment Pé@ﬁénce Assessment 22| MEEEIFE(h q)

“Test Run” TSR Q
FAT — Factory '%gptance Test R EFHIE L] 30 MG
SAT — Sit@ptance Test {ERZHEIE YN <2,

Control and ontainment =HIF0%2 4]
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e Flow characteristics fﬁf,ﬁj’ﬁ

« Low toxicity {K&514%

‘57(1
* Cost of surrogate

* Availability 23
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Sensitivity
(nanograms/sample) 2.5 0.5 1.0
Relative N .
Material Cost Lowest Low -5% High High Moderate | Low
Active L’)
Pharmaceutical No ) Yes Yes Yes No
Ingredient N Q
Specificity High Ql%rata High High High High
Readily available ,\ N
premilled into a
variety of particle ""Yes\z No No No No No
sizes

High in High in
g’t”_ Solubil ~High slight | Sodium | Sodium | Moderate | High
eanability s o
Available as a
soluble salt? NA No Yes Yes Yes NA
Containment ; - . )
Challenge High | Moderate High High Moderate | High
Risk of significant
process :_le: Moderate | Moderate | Moderate Low rzz
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HERHRSE, FERHOIESAT, John Muhausenai#5 &G Tl BEMSHIAMREHAERE, BIE,
FEER, (PR, ERMERUIREES(E, EeEHOEdE, QEMEITRIRRD, TiEEER, AR {7 Italiano {® Chinese
WETZDH, HFR=AFENET RERFEZHEE, EHEREETEXSER
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\ Table 2: Airborne Lactose Monitoring Results for tablet palishing, dedusting and metal detecting process
.I\ 7 g o == =l T V) pmet iz
. I I 2 m \ Test Run 1 Test Run 2 Test Run 3
e Operator | area location Sampling Measured Measured Measured

Sample Sample Sampling

e : Sample Sampling ’ 2 5
D dura_tmn concentration D duration (min) concentration D duration (min) concentration
(min) (pg/m®) (pg/m®) (ngim®)
. X 15 15
010801 | 22 (9:25~9:47) <0.0567 389401 | (10.53011.08) <0.0833 413805 | 155113.06) <0.0831
‘Z‘H—.I MEIRS .% El«l S ﬁ
33 24 76
412813 v e 0.0378 413838 0.0520 413824 0.0478
fr/r/\ (mt4-1147) [ 7 (11:10~11:38) = (13:14~13:40) =
LY
s If':l
J\ IE ) 33 24 X 26
NS | s <0.0378 010802 | (14401134 051 \019304 13:14~1340) <0.0481
ﬁ b = 33 24 26 :
. IJ\ E B = 803 | froramriany | 00963 | 3T | g 369446 | (q314-1340) | <00480
T~
33 24 26
380458 | |10 aca1amy <0.0376 010803 | (14 1';]".14&{ G 413799 | (13:14~13:40) <0.0477
® | 1’E“B 4= 413823 A4 -
/ (10:14~11:47) s 69427 "1 tU~1T 34) SO 363440 | q3:14~13.40) SRR
26
— 388441 e <0.0375 =0.0517 413784 Traes =0.0481
& \\/7$$D \*ﬁ 7—’3— % (10:14~11:47) 1134} (1314-13-40)

mplmg Results

Measured
Test 3 Sample reemanit

Run ' 1D {ngMD0cm?)

N RN
. GECHR <
- lb* 1 NP of speay beader of. | 49onsn 51
- - l top HEPA filter inlet of
GERER (§ e ||
- e {_around the outlet of Metal

ASL

Date Operation (ng/100cm®)

A 420896 344

Around top two spray header
of Capsule Polisher

412852 72

A d top of header of e
#;ub:j::jc’tggul-;tiprﬁ\ fifter inlet of 410801 o5

Around the outlet of Metal 412847 121

Detector

Around top two spray header 417809 =g

of Capsule Polisher
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Table 3: Industrial hygiene statistics of personal exposure during hard-walled isolator milling proces

Number of samples [
Mean (ug/im?) < 0459
i im? 81
Descriptive statistics sl il
Standard deviation A 00651

Geometric mean (pgim?)

~ 0Y4ss

Geomefric standard deviation : 1.16
Test for distribution fit | The dataset is likely to be lognormal and n distribution
Estimated arithmetic mean (pg/ 0.048
LCL1,95% - Land's “Exact”(ugim?) 0.041
Lognormal parametric o e
sintiatics UCL1,95% - Land’s m 0.052
95th percentile (u U 0.058
UTL95%. 95% (pg/m?) / 0.0787
-; o M
08l
Exposure rating 0: Xas< 1% of CPT
061 Exposure rating 1: 1%<Xgz=<10% of CPT
DA 3--ade Exposure rating 2: 10%<Xpse50% of CPT
i 0 Exposure rating 3: 50%<¥pe=100% of CPT
02 Exposure rating 4: Xoss=100% of CPT
[ A= — —
0 1 2 3 4
Exposure Rating
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CONTACT

] M\&x “ in \ix,

@ PSClnitiative

pscinitiative.org info@pscinitiative. i Rosie Towe: PSCI

Cb ’ +44 (0) 7342 990241 N
For more information aboxu:cécne'PSCI please contact: Cb

PSCI Secretariat

Carnstone Partners Ltd Q,)

Durham House % About the Secretariat

Durham House Street Q Carnstone Partners Ltd is an independent managemen% ncy,
London specialising in corporate responsisility and sustainability, wigh a long
WC2N 6HG track record in running industry groups.

info@pscinitiative.org & Carnstone

+44 (0) 7342 990241
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Building responsible supply chains
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Quantitative evaluation

®NE | AR, 2T 5NE | BPR
Wenjia Xu | Associate Director, Global Safety & Environment | MSD
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'8 Buildup and decay

e -

S E
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Sa

- Decay only

- — e
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ZiNE

" (WERESIE (VP) HEZESE < = BIIESE

= (AR IRIMRECsatis ERENEEYRZEENE "R HNEEREER,

» —MUCFEmAVEHIESERE EFm BT, HIA0%K - 20EEIEAIEGSE975mm Hg
E25FRT/996mm Hg , FRLARERS20/E |, 25ERHYIEMZESEES30%.

" IRFEXZEEENZSE , IERFAAREZITEGIE.
* NEMCEMRRILIERRECAR | FEEA SRR RIS E AR E,
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S SRR R

» B e EYIRER AR EREGEFREITE
- BEEME R FPRNESERE

= AR

= |H Mod 2.0 XSS HRIHummel 22T

= Z208IH Mod 2.0 ST SR GIF (S EHAE )

= F AT 2R S ZRERCRAVRER ( BIRNERPIRY sUREUFI=F):
https://www3.epa.gov/ttnchie1/efdocs/equiplks.pdf

TR EENME , (BINREEBRGHERFECHRIZRTHIRERER , YIREHSEHEE
=S, BEIER , SR ERER.
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SCRFMEST A TR

IH Mod 20

G : Hummel equation

dag

Initial values
QOverall system pressure P 1 Atm < >
Velocity of air - Wy, 100 cm/sec < >
Surface temperature of pool T 20°C
Length of pool along airflow Ax 100 cm < >
Surface area of pool A 10000 cm? < >
Molecular weight MW 85 g/mole
Vapor pressure of substance VP 0.1 Atm

Evaporation rate

(3.79 107 (A )2 (vP) < /MW +1/29)"% ) V.
77005 Axp

]-A-ﬁ-m“

1 Atm

100 cmyfsec

20°C

100 cm

10000 cr?

74500 mg/min

Hummel et al.,
Evaporation of a
liquid in a
flowing
airstream,
American
Industrial
Hygiene
Association
Journal 57: 6
519-525, 1996

fersion 1,02 : September 2018 (0 =

Thiz file has been created by Daniel Drolet and Tom W. Armstrong

PSCI

¥ @PSClnitiative

156



HARE

* NEARBE
=] %iﬁiﬂa_ﬁﬁ 5FE§QEE
 TRERHS

= EMAR

» EEINERIPERERZETFM
= WXREFEH =SSR

Key: Baldwin and Maynard (1998). A survey of wind speeds in indoor workplaces. Annals of Occupational Hygiene 42(5):303-313.

REUTE

More recent: Arnold, Shao, and Ramachandran (2017). Evaluation of the well mixed room and near-field far-field models in
occupational settings. Journal of Occupational and Environmental Hygiene 14(9):694-702.

Keil and Zhao (2017). Interzonal airflow rates for use in near-field far-field workplace concentration modeling. Journal of
Occupational and Environmental Hygiene 14(10):793-800.
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- HEs/MENRXE? 9—5%h
- &/ME. SXENERE? =Anth

- S ENREE? IESDTh

- S ENNEE | BREPAEFINEE? NEHIESD T
» BIREUER , ST FBootstrap TH
= (FREEE.G., https://www.wessa.net/distributions.wasp

-SSR AR

| —

|~

|~
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IH Mod 2.0 7S

< AIHA .
e et IH Mod 2o Support File

Stratagies Committes

Generation rate estimation
Hummel Equation ’

Problems from MM Book, chapter 2 ’

! ' - Few words from

* Daniel and Tom

Running Macros and
Computer requirerments

(94 Alpha estimation

=>
Eguations and
‘ * Alpha calculation examples *
&>
&>

definition of terms

Unit Converter .
Bootstrap procedure ’

What is Bootstrap 7 @

ACH Vs Ventilation Rote
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60 PERBHANERING ., FEEHHERIFAIAATSSRENER, AARZEN0.862
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LA S G

1. T E R KA AP = (mg/min)
o FRERMAR (ML) x ZFE (g/mL) x 1000 (mg/qg) — LT [A] (min)
« 355 mL x 0.862 g/mL x 1000 (mg/g) — 60 min = 5100 mg/min
2. TFE AL [A]8 X & (m3/min)
« BAIRE (M3) x B/ X% (') = 60 min/hr
« 283 m3 X2 h1 < 60 min/hr =9.4 m3/min
3. HE AN [A] (min)
o {E55FFLLNT[H] = 90 min
4, MATE B4R IS [H] (min)
« FEIS1H] = 60 min
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IH Mod 2.0

\\\

2 AIHA

Exposure Assessment
Strategies Committes

A

IH Mod :6°

The Well-Mixed Room

Model with a Constant Emission Rate

L Model # 1 Deterministic
Maximum Value  Input Value 600
: - - = 5t Stat
G Contaminant mass emission 5100 mg/min 5100 mg/min ﬂ ¥ Twa concentration eady State
B e e e e e Ee e e e S el e i Concenfration
= E
Q Room supply/exhaust a 5.4 m#/min 5.4 m3/min j EBSOO ! - s == TWA-COnc
&
El 3 - = /\%q] j‘ ==1T7 ’\]:&ﬁ-
vV 283 m 283m El g 900 EHT BETIIRE
g 79304 mg/m3
2 S mg/m
CI] Contaminant concentration at Tzero 0 mg/m?* 0 ma/m? j 5 400 B g
Cin Contaminant concentration in supply a 0 mg/m? 0 mg/m? ﬂ
[ex
B e e
KL
L] - -
-
T
-
200 | e
- - ’
‘I
= A
1
t cr TWA, Cf to CE+15 Py i
~ H -
234 min j 293 mg/m? 346 mg/m3 o0 - o
Potential steady state estimat 543 mg/m? F
rd 1
7 i
Il Il i Il Il Il i I Il ]
Mass emitied to time 0
a 10 20 30 40 50 50 70 a0 S0 T (min) 100
G, o G+C _-Q [ Q+k V ) ( Q+k -V
PDF Pl e T [l—exp ——VL -tI +Cp-exp —7‘;‘ -tl C(t)=Co-expf—g-t]
Version 2.008, lune 2020 L A / .. 4 LA, This file has been created by Daniel Drelet and Tem Armstrong with review by Michael Jayjock
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[BHZ 2

« LIRSS IR ER400mL BEAG665m3 , FEIEE/NEISRE6.5
S5 FRA119.38, BQRERESIIRIE L , M2 BEAR0DHRHENZA
QAR , AERTERS /9 15min,

SUBHEY: STEL=150 mg/m3, IDLH=2440mg/m3

Mink = EEECE AT IEIFIRBIFAPF=102 & B157?

DANGER.
KEEP OUT
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[Bf22: tRBEE

= (R AR MR EY?

- IR E

- WWXTEEY

- TEREEIVRE
- R BRE

AR TR
- e
- HEERME

DANGER.
KEEP OUT
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3 223 *E Uiga_}rz

'fJ\z:l_

R MRE

- I3RS R
- WX1=RE
- EEREGAIVRR
- IR BUREY
= FRTE A BRI

- BEMH

- R

~7

DANGER.
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B2 K esitE

1. HESRRASEREE (mg/min)

» FREMEXIE (m/sec) ,

{FEAXER{E 92 m/min

* A00mIBRARTERBEEIRRZY/92280cm2 ( 2507 |fra 7KL )

- BRpEISE21kpa
« IANHummel AT

ZHE7917600mg/m3

2. TTEE{RTENEXE (m3/min)
- BIEBEEZE (m3) x B/MIHSIREL (h1) + 60 min/hr
« 665 M3 x6.5 h-1 = 60 min/hr = 72 m3/min

3. HEIEIZTEE (x value) FEES (m)

- IRENE R AFRT)

« 1 m (FEKE)

4. FRERIURTIE] (min) FOFEREEERATIE (min)
- BRREINER  WREEAEFE , KINAEENSARBENLE | RIERIRERE.

PSCI
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IH Mod 2.0: &

COMMITTEE

/m3, B & i X FFk

B NS SRS

1640 mg/m3

T (min)

‘ - Two-Zone Model with a Constant Emission Rate
| ﬁ I I I M Od 2.0 Model # 8a Deterministic
@ Maximum Value Input Value 1800
i ~-mmmm- NFSteady St
G Contaminant mass emission rate | 17800 mg/min 17800 mg/min R Twa C"”CE".”_“}O_” e e
| e ][ ;| e e SOETRR T
: T e P gt
Q Room supply/exhaust air rate; 72 m3/min 72 m3/min T e (I o e
: £ ot
| g
S Randem Air Velocity! 2 m/min 2 m{min 1400
Near fisld shope E
| | o
@ N O - G — 1200
| Full VI
7 e H 1000
B=14 554 -5 Free Surface area’ 126m® (3} 126m¥min !
vVr Roomvolume! 665 m® 665 m3 ﬂ
i 800
Ve Volume Near Fiel
Vi Volume Far Fiell 00
Maximum time for sirm:la?_icnf 60min | t
’ Time at the end of generation] 60 min 15 min ﬂ 400
: [ Frcrets
.TWA, Ctto CT+15: : Pat. St. State . e e B T T R
i 1520 mg/m® | 1640 mgfm® | 200 [t i e e PR R e
220 mg/m?® 244 mg/m® A -
a = I I I | I I |
Mass emitted to time t o 10 20 30 40 50 &0 70

PSCI
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:|*=i=

/7
57112 3

s — SR SR BRI | DIEFEEN A S210% Pt SRR, itn
RS SR 20 990,636 kg/hr.

=89 TLV=1.4 mg/m3, STEL=7 mg/m3, IDLH=980 to 1400 mg/m3

BEEHIE ERK" HXIERMBHEBGHER ? 1s there need for an

“exclusion zone” or improved technology near the compressor?

@ DANGER.
EEIMRER M SRS KEEP OUT_

(EPA-453/R-95-017, Table 2-2)
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[BH23: TRBEE

= (R AR MR EY?

- IR E

- WWXTEEY

- TEREEIVRE
- R BRE

AR TR
- e
- HEERME

DANGER.
KEEP OUT

PSCI
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:r=i=

3 233 *E Uiga_}rz

= (R AR MR EY?

- IEiBHIIEE

- X

X =y

- TEREfAIVRE
- IR BUREY

= FE MDA SR

- BEMH
- R

DANGER.
KEEP OUT

PSCI
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B3 KESEHITR

1. EFCSRARTERERE (mg/min)

« I 8EE(kg/hr) x 1,000,000 (mg/kg) x 10% + FF£EAYIE] (Min)

« 0.636 kg/hr x 1,000,000 (g/kg) x 0.1 + 60 min = 1060 mg/min
2. HEMEXUR (m/sec)

- A NEUREZSS )

« 1 m/sec (air pollution Engineering, Second Edition, Nevers 2010)
3. FEIEFEE (x value) IBES (m)

» IENEEEDAFE)

* 1m (FEKE)
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IH Mod 2.0: {5723

AIHA \ A : © Near and Mid - Field Plume Models
Exposure Assassment O 2 I 0
— T FHRR ST Model # 11 Deterministic
@ Maximum Value  Input Value 0 0s 1 15 2 25 3 D (m] 35
10000 C T T T T T T T T T 1
G Contaminant mass emission rate i 1060 mg/min 1060 mg/min «‘E‘ E
=
[P e ] El I Mot oncanttion
= L
g
U Wind velocity 1m/sec 1mj/sec E
5 1000 |
= R -
£
o
5]
Ty Near x Value im im L
I cnear
............................. -
100 |
m Mid x Value 5Em Em F
On the graph (near or mid) 8 MNear 3 Mid r
¢ T 1KEERREE /130
0} MANISZ
its : ¥
ki | Cnear at 1 m; 130 mg/m* | E mg m
Wi H | ~
_ STEL 8 7 mg/m3
Cmidat5m
1 L
a 01225 x G 0.0502 xG
o Coar = (G0 C sz = T o
f}‘ Version 2.005, November 2020 This file has been created by Daniel Drelet and Tom Armstrong with review by Michasl layjock
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IH Mod 2.0: |63
P4 o

AIHA S ' ' © Near and Mid - Field Plume Models
Exposure Assessment O 2 ) 0
—~ strategies Committee Model # 11 Deterministic
@ Maximum Value  Input Value 0 as 1 15 2 25 3 D(ml 35
1000 —— T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
G Contaminant mass emission rate | 1060 mg/min 53 ma/min e‘rE E
? Mear Concentration
= L
o
wind velocity 1m/sec 1mjfsec "
£ 100
[ ] E
2 L
a
o
Near x Value im im
N 2 3 .
N Jﬂﬁ;_ z:*z &wz‘zjj i
B Ej] —x= =|=)J- ==/
[ ] 10 —
53mg/m|n MidxValue,  5m g S  near

! On the graph {near or mid) W Near O Mid F

._re‘g:‘;s__) Cnear at 1 m. 6.49 mg/m? . E $§5£$73 —
Cmid at 5m i 0.144mg/m? I 53mg/min'1 *EE%
. Ll -- = KE2J/97mg/m3

ooF 0.1225 xG 0.0502 x G

'-JLE.'\-' Version 2.005, November 2020 This file has been creatad by Daniel Drolet and Tem Armstrong with review by Michael Jayjock
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[BHZ 4

= —Z4EE T BIEREIR(ER 10 mUEEHEGSHAY 1221208 , IhELEE L4015
Shh. EEHSEL3% X, BEESE M- 14%2‘% (ZEJ90.68 g/mL)., FBIEIR
79 6.1m x 6.1m x 3.66 m. W=AVHESESEE (I&EXA) 1-3 he'. FEVLXUEZ

5NEEHE, (B 5F4E121 ﬂLE’JSZr'iHEJ_E:JLTILH——i’J*WJ5 2 m/min (2

m/min),

. |

IZHHETIESIERFRERS D,
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[BZ4: IRBLI5%E

1 R 2:1_ IR MREL?
TR YIRS
- WX1REY
- EEIRGMEIVRE
- AT BREY

" R IR =R
- HEME
- R
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[BZ4: IRBLI5%E

1 R 2:1_ RN REL?
Uiz R A
- WXIEE
- EEIRGMEIVRE
- AT BREY

" R IR =R
- HEME
- BE==TE

PSCI
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B ERssiE

1. ITRiEEHEREZQ)

- {KFHE (mL) x ZBE (g/mL)

« 10 mL x 0.68 g/mL = 6.8 g
2. WEAR{ERZE(9)

- @& (9) x (% %/100)

* 6.8 g x 0.01, 0.03, 0.14 = 0.068, 0.204, 0.952 g
3. TR SNHERAEAE (mg/min)

« ZHIE (g) x 1000 (mg/q) + T{ERTFE (min)
« 68, 204, 952 mg + 15 min = 4.53, 13.60, 63.47 mg/min

- =9 % (4.5, 13.6, 63.5)
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:I=E

=]

/

24 XKEESEOTE

4. ITEEEEE (m3)

« &< (M) x B (M) x & (M)

« 1ft=0.3048 m

ce6.1mx6.1mx3.66m=136 m3

5. TH&EBXZR (m3/min)

6. THEFELXIE (m/min)
502 (KSESCEEUE)
2B (bvEZ) = 5.2 (0.91) m/min

« BIEIBSE (m3) x #SIREL (h'1) + 60 min/hr
e 136 M3 x1-3 h'1+60=23-6.8M3/min

- 1955310 (2.3, 6.8)

Sal
* X1

.« SIS

« MEUESTT

1 (5.2, 2)

PS

cl

¥ @PSClnitiative
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B KR esiE

7. 7 EE
« TTNE(KFENEEIS)
« ET{FE (BEKEE) Eix=1m
8. e T{EBTIB)(min)
 [RiZT{EBTE] = 15 min

9. HRE(F LERERIETIE] (min)
- R T{FETIEEZ LR L= 15 min

PSCI
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IH Mod 2.0: 5&;

\\\

m]m b | < i::“ The Two-Zone Model with a Constant Emission Rate
A eenrensesme | [T IVIOA 2.0 !

Strategies Committes hode! ¥ 8o

Simulation type ttarations © a0

- i I} 1 ot

= - - r. TWA concentration

W= = 10,000 j L

- O i = @ I 5
- F -t o S L S S5th-0F

5ac. AO000D cake Sec "'E -

1- Emission rate [mg/min) E" st i T5th-MF
---------------- Min, Mode Mas % s [ ’__..-—""- = = = Median-NF
..... G [Tisngusr =] [ a5 | 138 @ sss 5 P - 25thone

2-Wentilation rate (m>/min) i T il > -—=--= Sth-NF
................ Fir . B -‘,,--"_ aeirr

Unifarm VI 23 5.8 B | = e
H H 1 : _"/ 75th-FF
3-Random Air Velocity [m/min) i ," S — WAedian-FF
................ Cien Mean S0 =l : J=== - 25th-FF
S Lognormal "I 5.2 2 o T

Maar ffald shape F!ad'us.: ;
@ ( C [ | C FSA B.28m’ 3

velooity (3} 5.2 mimin

| 44 Sphere ] e Gt R 2
4-Near Field Volume [m~) 2.08 m*

1
S-Room volume {m~) 136 m*

&-Maximum time for simulation 15 min o - g =
7-Time =t the end of generation 15 min
L Ex 1 Mk Bk Tonwa Exempls | | Dasisrs E i o oo | SR TR ]2 Dt Py e]
Ex. E,1 Pkl Ensi sl Examipia oF P | e vin, i | i | Fovgs,

FIF

Wersion 2.008, June 2020
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IH Mod 2.0: {62

] Time lhied'r-ln-NF Sth-NF | 25th-MF | 75th-MF | 85th-MF Median-FF} 5th-FF 25th-FF | 75th-FF | 85th-FF |Median-FF} Sth-FF § 25ih-FF | 75th-FF | 95th-FF

L L. g £ o Lk 1

108 3240731 | 1.110573 | 2076018 | 4.88495 | 8417379 LE L 160521 | 0621713 | 1.060502 | 2.5334045 | 3.323289 | 0 546154 | D AZ6E56 | D556566 § 1 224821 | 1. 7A7268
1095 | 3.280143 | 1.118404 : 2.0002E7 | 4.91415 : 8451287 | 2 557855 | 07614585 | T4RRENT ¢ 3 FIR4ED | 6 SOSE4E 1627889 | 0628901 | 1.072988 | 2.962029 | 5.362446 | D 556758 | 028048 | D DSSEEE § J 2826895 | 1. 759228
111 3277383 | 1129012 1 210334 )| 4941062 | 8490374 | 2 200062 | 076837 | 1424804 | 3 7EITIE | 5230722 1845577 | 0535013 | 1.084778 | 2388875 { 34017 | 086728 | 0234517 | OETOLEE | 3 255018 | 1.781128
11.25 | 3.298153 | 1.138031 | 2116855 | 4960924 | 8.529707 | 2415089 | 0771218 | 1.500008 | 3755508 | 5851751 1664684 | 0643532 | 1.096793 | 2414864 1 34415 | 057777 [ Q235500 | O57MI | E 270278 | 1.802572
114 3316773 | 1147658 | 2.130743 | 500052 | 8.558582 | 2422851 | 0775117 | 1511161 § 3772067 | 5870642 1.682524 | 0550019 | 1.108662 | 2441636 | 3.4B008S | 0 885228 | 0342620 | D 58431 § 1285481 | 1824752
1155 | 3.335555 | 1 155786 | 2.144561 | 5.029761 | 8.553742 | 2 434608 | 0. 7B0G24 § 1 515281 | 3 788151 | 5563425 1700729 | 0656938 | 112087 | 2467961 | 3.518029 | 0 FR8545 [ 0 345657 | 0551185 | 1 300651 | 1846402
117 3361053 | 116363 | 2156761 | 5.056175 | 8.638833 | 2 245335 | 0 785828 | 1 537351 § 3804242 | T 04253 171886 | 0564184 | 1.132962 | 2.454898 | 3.554442 | G S0S027 | 0350677 | 0558047 { 1315758 | 1.868058
11.85 338086 | 1170704 | 2168432 | 5.085919 | 8.670279 | 2455018 | O 780635 | 1535377 | 3.520263 | 7034554 1736379 | 0671371 | 1.144488 | 2.520934 | 3.582799 | D PIS559 | 0354635 | 0.604378 | 1.330833 | 1.889652

12 3.3988901 | 1.178003 | 2.183064 | 5108377 | 8.658855 | 2 459633 TR5401 | 1543873 | 3836178 | 7.055495 1.754057 | 0678625 | 1156612 | 2.546878 | 3.6532218 | 0 S29673 | 0358634 | 0611685 | 1345546 | 1 811165
1215 3.41734 | 1.185363 | 2196219 | 5.135389 | 8.717505 | 2451191 | 0800177 | 1.551334 | 3.852022 | 7.OF5754 1.772411 | 0.685059 | 1.167839 | 2.570886 | 3.670648 | 0 939851 | 0362665 | 0.518471 360786 | 1832625
123 3.434187 | 1183304 | 220804 | 5.162064 | B.748843 | 2497673 | 0804813 | 1 559247 | 3867805 | F.O95822 1786526 | 0.691918 | 1178971 | 2.596894 | 3.707072 | 0 950187 | 0366632 | 0.625224 | 1. 375678 | 1 852001
1245 345178 | 1200247 | 2220479 | 5187506 ] B.79021 | 2 504001 | 080852 | 1567118 | 3583516 | 7 1i6002 1806622 | 0.699263 | 1.189976 | 2.621936 | 3.746006 | 0 950282 | 0370581 | 0631848 | 1. 390516 | 1 875335
126 3468844 | 12007275 | 2233244 | 5216842 ;| 8810841 | 2 SI5452 [ 0814288 | 1 574055 § 3899302 § 7135119 1824239 | 0705443 | 1200734 | 264712 | 3.783773 | 0 970545 3 I{ 0638651 | 1405200 1 1 895511
1275 3.488313 | 1.214556 | 2.246846 | 5243577 | 8.850137 | 2 525755 | 0818953 | 1 582768 | 3914835 | FIS505 1842008 | 0.711368 | 1.21389 | 2.571029 ; 3.820107 | 095083 0545381 § 1420017 | 2017814
129 3.506386 | 1.221748 | 22593768 | 5.260694 : 8.859429 | 2 533025 | 0523583 | 1590545 | 3930408 | 7175744 18568944 | 0718531 | 1 2249325 | 2.695497 | 3.856353 | 0 920775
13.05 3.523326 | 1.228886 | 2.270839 | 5.294241 ; 8.895464 | 2 545221 | 0525189 § 1 S5827F | 3 ou5805 | 71952585 1875062 | 0.725258 | 1.235828 | 2.720568 | 3.83945680 | 1 ;OO835
15.2 3.542163 | 1.236038 | 2.284553 | 5.322403

13353 3.560947 | 124292 | 2.798245 | 5.351543 | 8.969478 5 0.837328 | 1.613678 | 3976818

e ittt Miboiwates cdoobl Urmab dnalool) dteatntafont] Bt iobi e e - ISP EE R P

£y

[

-

0e52003 | 1434678 | L 0BT

0658637 | 148829 | 200033

0.832771 1 1.605587 | 3.961372 1393474 ¢ 0.732246 | 1.246518 | 2.745994 § 3.527131 | LOI0S5S

190985 | O.739404 | 1.257764 | 2. 768883 | 3.961044 | 1 Q20853

T L1 T LT I Y TSI TSTTSTISITTS [PSPENPRT ST

0.665743 | 146336

0671826

0397891 | 067839

135 358024 | 1.248728 | 2.309500 | 5.376044 | 8958235 | 19250992 | 0.745152 | 1289113 | 2. 793504 | 3.983153
13.65 3.598852 | 1.256404 | 2.322001 | 5.40022 | 9.035065 1 628942 | 4 007400 15941706 | 0.751965 | 1 280005 | 2.B1776 | 4.02B7S7 040174 | O 584020
138 3.614529 | 1.263578 | 2.333713 | 5423169 : 9.061926 | 2 804585 | 0850842 | 1 63652 | £032721 1957833 | 0757745 | 1.291005 | 2.841141 | 4.066087 0405568 | D ESIL&EE

1385 3.631081 | 1.26095B4 | 2.345749 | 5443556 | 9.086847 | 2 615505 | 0855286 | 1 644055 | £ 037837
141 3.645813 +.526393 | 0850728 | 1 651551 | £ 052877
1425 | 3.888433
14,4 3830882

197421 } 0.76421 | 1301532 | 28654159 | 4.100206
19690927 | 0.770672 | 1312748 | 2 BEBBEST | 4.1535235 | 1 OFDIEL | D 413185 | D F0LL1D
2006682 | O.7F7100 | 1,3233295 | 2911384 § 4170052 | 1 079238 | Q418977 | D 71085
4 BT84 | 0565540 | 1666485] | 4082730 | 7.36EETE 2022353} 0.7E345 1.3346 | 2935435 | 4204747 | 1.059654 | Q430755 | D FIFIES | 1575409 | 2 246076
1455 | 3.887478 < B33655 | DEFIRI6 | 1ETAEI3 | 4097575 | 73533 203816 | Q790797 | 1345612 | 2958756 | 4240085 | 1085337 | 042433] | 0723701 § 1382435 | 2056423
127 3714173 | 1.3 4553354 | Q87FITS | LBBII4S | £112345 | 74004 4274714 | 1. 108383 | 0428285 | 0.730095 | 1. 606332 | 2. 286702

5. 728765 Sl0Le BT ' RBUS | 26795408 | 0 BSIGET | 1 GRRIRS | £ 127062 | 425114 . 95th %13%&. 4. 310282 | 1118606 | 0452027 | 0.7356468 | 1620526 | 2306545

744848 . 5.60737E | 9.30003 < 62049 | DB25S9E | 1695534 | 4141721 | 7443677 J i 4345485 | 1 128188 {04 O.F42E1S | 1634487 | 2 3ITIIE

0400383 § 0 EEFoAT

4 BITIIE | 0804146 | 16553007 | £ 057544

7.4 mg/m?
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:I=E

=

\\\

5

= BHI= ﬁZJLﬁ(TCE) W RTESERE BEEMTEEA |, BERY 20 mx40m
x 6 m. EFEHE ERE L, (BEEHIES#FTH. &=8-hr day = T W% 0 0.75F+
&Qﬁmﬂﬂ_ﬁZW,MA&N%ﬁEEEMEMO—%Enﬂkﬁﬁﬂhi
{EIL90 min. 1ZXIEFEBEAERSR , MEEET{EAEEEFFOL2 .
E=2M% ZE1.65 g/mL XENERZIEF T &UAT/9 1.5, 3, or 5 m2/min.

TAERIFEHEN=R8S
EHREIEERES) ?
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[BIES: RESEITR

ﬁ%:ﬁzmﬁuﬁ@hw%mmmmw

« ZSIEARFRE (L) x BE (g/mL) x 1000 (mg/g) + duration (min)

« 0.75 L x1000 (mL/L) x 1.65 g/mL x1000 (mg/g) + 480 min = 2500
mg/min + 0.25 L

IEES2% (2500 + 850 mg/min)
2. HEILaIEEEE (X, Y, 2)
- IEEEFHFOL=2m
3. EmIEll%uwF—ﬂQ*;ﬁ
« 2EVEif~= 1.5, 3, or 5 m2/min
- =491 (1.5, 3, 5 m2/min)

4. HERAARI(E] (min)
- {FRIIE(FETIE] = 90 min
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IH Mod 2.0: {62

Exposure Assessment
strategies Committes

> AIHA) | .
ﬂ IH Mod 20

-

Turbulent Eddy Diffusion without Advection with a Constant Ermission Rate

Model # &

Simulation tvpe
1" ‘. : {:} 'j

1-Emission rate [:ngj"mm}

Iterations

m:]@

7 5o ;ﬂ&S?cﬂn: .-".1en:

; Average

| 2500

Mormal

230

3-Radi e !
- .f -\z. _Radius
T 2m |

\ — . ___./ iRl o o e e = i

4- Sphere Geometry factor %

S-Maximum time for simulation

90 min

41 -
e =

FOF

std, Dew |

Cancentration |: rng,n'm"'

= Version 2008, June 2020

50

an

B 50 i

95th 3\
50 mg/m3

27 mg/m3

FF TWA concentration

40 L] 4] 70 ab 100

See results

This file has been oreated by Carlel Drolec and Tom Armstrong with review by Michael .iawu-ctj
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s — 2RI EFPINEE., 1ZRTIE29FE 17FE i#1-5%HYIESRET018.
tRIESZmAJenkins (2003), 10% HYIEEFRATESEA, 10%S5REIE
EiathA. SRIBSR2I0.1588.

L

iZR TIHER IR ERERE ?

Jenkins NT (2003) Chemistry of airborne particles from metallurgical
processing Doctoral thesis Massachusetts Institute of Technology.
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= (R MREL?
- AR R

- XX

X 18

- SeEReEIVRE
- AR BREY

= FE DR S TERIE?

- TREM
- =R
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JBMREL?

- AR R

- XX

X Ry

- TEiEafaVEE
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[Bc6: XESEITR

1. itEiR BRI ERERE (mg/min)
JELRE (Ib) x 454 (g/lb) x 1000 (mg/g) x Mn (%) x air (%) + time (min)

J8KE=E |b x 454 (g/lb) x 1000 (mg/g) x 0.01-0.05 x 0.01 + 2 min =
3.5-17.5 mg/min

2. EIEmeE (x Y, 2)
BRIZIETEK=0.8m

3. fAE M BERE
- N ERENB 2L = 0.1 or 1 m2/min

4. fRERTB)(mMin)
- R T{ERTA]= 2 min
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IH Mod 2.0: [§f26

A BUEREL 1, BEF2 0.8 m
#2{EBY18] 2 min
EHZL = 1.1mg/m3
VR 95th /\1_L 27 =1.8 mg/m3

iR BNEREL 0.1, 52 {ES

.........

£2{'FHJIE] 2 min

272 0.8 m

MREHIZ] = 1.8 mg/m3
,Z,?F'Qsth SIE%= 2.9 mg/m3

"

..... IH Mod 20| @

.;ag-n »»»»»»

PSCI
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Jd1

SR AR FRRRI

%R RS IS B BURF:

AR vs. R - 1B LRRRE S Al
ERRREE vs. TR BRI ER S0

« 5th, 50th (F{7%%), 75th, 90th, - BEEYIRZ IERIRTE]RR?
or 95th ALK N BE O RIRREN?

« F—1TXI?
- KISHIBLE?
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HLARER , MHAFEE?

= AVER DA R EREY(IH Mod 2.0)
BR DA BRGNS 28
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Models for nearly every occasion: P

Paul Hewett® and Gary H. Ganser®
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Taylor & Francis
(@) Toperssfe

*Exposure Assessment Solutirs, Inc, Margantown, west vic Models for nearly every occasion: Part Il - Two box models
virginia

amsTRACT
“The standard “well mixed room; ‘one box”model car
‘whenever the scenario involes the use of local contrt
proposed that permit either lacal exhaust or local ex
room ventitation o the recirculation of a portion of th
are presented in Fart Il of this series.

Both steady state and transient modls were develo
including the standard ane box steady state model, i

Gary H. Ganser® and Paul Hewett®

CFOCCUPATIONAL ANDENVIRONMENTAL HYGENE

Models for Near

@ Taylor & Francis
Srumciop

Virginia

assTRACT
The “well-mixed room” two bex models are often used to prec

e e
this series, new two box madels are presented that permit loc

e o

culation of

Botl

 orthe cu
tasks to a full hifth.

‘The new medels introduce additional variables, such
ately capture freshly generated contaminant and the
retumed to the workspace. Many of the model varial
Iation rate). A structured procedure for calibrating a1
e applied to both continuots and cyclic processes.

of the generation rate and al of remaining unknown

Introduction

‘The well-mixed room model, hereafier referred
the one box model, has often been used in occup
hygiene to estimate potential exposures 1!l Howen
one box model is limited in its ap;
only be applied direetly to scenarios that do not
local controls that extract contaminant from the
place. Equations will be presented that explicitly a
for local exhaust ventilation (LEV) scenarios that

the steady-state concentrations for the constant en
scenario and time dependent concentrations dur
expasure rise and decay phases of a cyclic proces
11 of this series introduces similar extensions (o th
dard two box model ™ Later, we intend to present
models that can be used in deceasing emission sc
(e, theapplication of paint where a solvent conti
evaporate after application ceases).

were developed for each scenario.
An additianal factor, representing the fraction of time that t
ing a task or set of tasks, was added 1o the standard and |
ple modfication permits the easy calculation of the average 1
eyclic and irregular emission pattems, provided the starting ar
eal (e, zem or near zem) or the cumulative task time is lory
fullshift, depending upon the number of room air changes per
duced with the new models, such as the efficiency of a local et
generated contaminant and the fitration eficiency wheneve

workspace.
Many of the model variables are knowable (e, room volume
approximated using manufacturer specifications or published
structured procedure for calibrating a model to a work scenari
both continuous and cyclic pracesses. The “calibration’ proced
unknawn model variable, including the ganeration rate and th

Models for nearly every occasion: Part Il - One box decreasing emis:

Paul Hewett* and Gary H. Ganser®

Inc., Morgants

OURNAL OF OCCUFATIGNAL AND EXVIRONMENTAL YGENE.
2007, ¥O0_14, 01,750
B0 000 20T T

@ Taylor & Francis

West Virginiz; B oy e |
Virginia
Models for nearly every occasion: Part IV - Two-box decreasing emission models
amsTRACT & Gary . Ganser® and Paul Hewert®
-mived room”
How otk ek n Morgsniown, Vst Virgins; . Morgantown, West
w Virgina
of Fa
s prasented,
“The transient equations predict the concentration at any time t after the application of 2 known et Kevwonns
mass of 2 volatile substance to a surface, and can be used to predict the task expasure:profie, the el i
ce, predi profie, New twe-bor “well mized room o8 R deing roboxmerkel

zer0) the steady state equations can also be used to predict the average concentration for = single

tion, these irculation of a filtered

ventilation.

the general mam

the task,

A structured calibration mdm is proposed that utilizes a mass balance approach. Depending
the DE

el air currents a:
by ahot process).

Introduction

“The “near field. far field modeT" also known asthe “well-
mixed roor” two box model (hercafter referred lo as the
“two bax model”) has been shown capable of predict-
ing both near field and far field concentrations distant
from the source to within a factor of half to two times
the true value! 21 However, the standard two box madel
<can anly be applied to exposure scenarios that do nt
involve the various forms of a local control with exhaust.

“This article des ext of the two box model
ta other scenarios as depicted in Figure 1. These scenar-
ins involve general ventilation; the re-circulation of a fil-

lloctec Using rearanged

versions o the cteacy state mumans.. estimates ofthe miods| variables—eg, the mass of the sub-

The

e

ation’ whenever i i f

ever the beginning and end concentrationsfor the task or task seres)are expected to be zer for
v

nearzero).

criteria

filtration eficiencies—can be calculated. A new procedure is proposed for estimating the emission

rate constant.

Depending upon the model, one o e,
sions of used e ch
application, the , and (de di the model} the various effi lea,

Nstrodctiae ‘paint salvent from a freshly painted :

In Parts [ and 1T of this series'#! we introduced new one  tion rates greatest

and two box “well-mixed room” (WMR), “constant emis- ~ of thesubstance.and decreases with t

sion” (CE) models. CE models apply to scenarios where material available for evaporation (0 |ntroduction

% 2 decreases:
{mg/min during  decreases. The underlying assumptic |, oy o 1t of this seriest ) we Introduced new one

l.hr:lru_mnn phase ofa task. TllenewCE models can be  the substance emission rate G (mgim 1 A0 T Y oS et e, Giti=a-Mexp (-at),

lied entilation, 25 a simple exponential decay proces

fora e with Hlevd set 30 the work eaviron.
‘ment, and general ventilation recirculation. In this arti-
cle, we extend the standard one box WMR “decreasing
emissior” (DE) model, i Keil and Nicas." to

these additional scenarios (Figure 1). {For general infor-
‘mation about the standard DE model see Reinke et al. /)
In Part IV¥] of this series, we extend the standard two box

Git)= & - Mexp(—
where M = mass (mg} of the substa
& = emission rate constant (min~!
since application. The DE model t
‘small spills,*! the evaporation of so
of fumigants from treated grain,®® ar

sion” (CE} models. CE models apply 1o scenarios where

‘where M = mass (mg) ofth substance per pplication,
i (min ), andt is the time since

h t during
phase of a task. The new CE models can be

ocal exhaust with filtered return to the work environ-
ment, and general ventilation recirculation. In Past [11V]
of this series we introduced similar one box “decreasing
emission” (DE) models. In this article, we extend the two
box WMR DE model, introduced by Keil and Nicas,“l to

DE WMR model ™l to these same scenarics. expasures.®

A DE model applies whenever a volatile ‘The emission @ism
been applied or sprayed onto a substrate and immedi-  erty of a substance. Different work
ately begins for example, the evaporation of  1ikely 10 b walues of e for

in Figure 1.

‘A DE model applies whenever a volatile substance has
been applied or sprayed onto a surface and immediaicly
begins 10 evaporate. 1t is assumed that the genera-
tion rate is greatest immediately after application and
exponentally decreases with time as the amount of
‘material available for evaporation (or emission) steadily

application.

‘The Keil and Nicas two box DE model is a transient
model that predicts the near and far field concentrations
at time t afier the application of M mg of the substance
(eg. see Nicas and Neuhaus'). The model can be
integrated to determine both long term and short-term
average concentrations across any time T. It can also be
used (o predict instantaneous and average concentrations
for a task that involves n repeated applications of a sub-
stance, witha time', (min) between each application. For
example, Figure 2 shows four scenarios where a total of
3,000 mg s applied during a 60-min task (a 150.5 min ).
In section (4) of the figure 3,000 mg was applied once. In
section (B, 1,000 mg was applied three times with a L of
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H{tER D =REaf

EASI Task Exposure Assessment Simulator (TEAS)

Exposure Assessment

P s, Task Exposure Assessment Simulator (TEAS) — EASi (easinc.co)

D\Current Projects_Help File - TEAS\TEAS Examples - Tutorial\Repair using MC - two tasks - prob.teas = ] %

NEEE

T ._i D g H \ D:\Current Projects’_Help File - TEAS\TEAS Examples - Tutorial\Repair using MC - two tasks - prob.teas — O b

ula‘non Grap!\s Report ModelCalibration  Predict

Task Manager | lob Simulati Task 5i Graphs  Report Maodel Calibration  Predict @

'_".- . m” :

Add hs Delete % cut Copy  [E8, Paste Collapse Background Starting Conc General | Build Report M =10000 Start e [ set General
g«; Insert Clane Paste Before || Paste After Expand Other Processes Sim Options | | Task Options One TWA Random Seed l:l [ set Sim Options | | Task Options
Clipboard Task Nodes [ Repor | Job Simuiation Simuiation Output Miscellancous
Task SimulationResults  Simulation Output  Report
1. Describe Job, Shift, Substance, and OELs Calibrate a 1Box or 2Box Model 5
Describe thejob and substance. Use "calibration measurements " to calculate estimates of missing model Avira Da
Add OELs. variables, such as the generation rate G or Lev collection effidency. tg e Lay
[]| = 100
= | i
§ T || & a0
- . o £ 1 =
2. Add One or More Tasks. Predict Generation (G) or Application Mass (M) 3 2 = | B
Assign an exposure model to eachtask. SettheFrequency Predict G {Constant Emissions), or a o s 100 H“ b z €
and Duration. Assign a statistical model to each task varable. M and the Emission Rate Constant (Decreasing Emissions) = k- Median: 44.1 [
L s Mode: 25.7 ‘s‘ 40
£
. 6z 6 |¥0.01: 17.5 § 20
3. Simulate Random Exposures Calculate Near Field Volume and Ventilation Rate 5 | %0.05: z4.0 i
Generaterandom TWA exposures forthejab, asingletask, ora Predict the NF Volume and Ventilation Rate for 8 i o A9 5 2 1 8 1 3 3 a4|ixo.ss: 75 .8 | b i o0 0o a0
combination of tasks. avariety of shapes and configurations. Concentration (ppm) Z-viloe | %0 _99: 540 Minutes
e
|Hormal Stats
4. Evaluate the Results Job Sensitivity Analysis Job Sensitivity Analysis | s Random Day
Comparethe exposure profileto the OFL(s). Evaluate the contribution Hean: 4€.3 =
of each task. Identify critical tasks andfor variables. Preparation = Praparation - SD: 1.2 g_ el
______________________ =
Small job - Small job - | Lognormal Stats E 50
5. Create Report Ceamup Cearup - ST e ".‘E ok
Document theJob and Task descriptions. i _ | Gsf) : i ‘;2 £ 15
Summarize the simulation using graphs and a statistical summary. Large job Large job | = g e
£
Ceanup Geanup |%0.05: 24.4 g =
v v v v - T T | ¥0.90: €8.5 0 T - ! r
a 20 40 1] L] 20 40 &0 20 | ®0_55- 7.9 a 100 200 300 400
Percent (%) TWA Concentration| Percent (%) TWA Variability | xo. ss: 53.0 Minutes
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EEMREZRERE

MCCEM Multi-chamber EEYRMN = mRiNYIRE Rt
Concentration and Exposure
Model
WPEM Wall Paint Exposure Model  Z=RIEEMRIERIE
CEM Consumer Exposure Model ZERZfHAFRPREETSMMELNEE
IAQX Simulation Tool Kit for ENSIYIRERESRNMIEZ X FRIEER

Indoor Air Quality and
Inhalation Exposure

E-Fast Exposure and Fate HEEG. ARREFNUERNEE
Assessment Screening Tool

ChemSTEE  Chemical Screening Tool for  T{EIZAFREEVMEENEIREUR TATENZE”, 2
R Exposures and EROERPRIEERR , ( Z¥LUH Mod2.0 )
Environmental Releases

PSCI YW @PSClnitiative 200



REACH t=£Y

shipicieche Bu=zpu KU

5 R

TRA Targeted Risk IA Elﬁ%nn*ﬂ%iﬁcljf'i’%r HFEE

Assessment

Stoffenmanager Stoffenmanager T A. HRAGHEEFEEYIRINEE

ART Advanced REACH TR AL, ZKSHENRE
Tool

TREXMO TRanslation of #ZE£E5 6 MEEY(TRA, Stoffenmanager, ART, MEASE,
EXposure EMKG-EXPO-TOOL, and EASE)
MOdels

ConsExpo Consumer HEREREE (e.q., iBZE, iE5H, IFERFR)

Exposure and
Uptake Models
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pscinitiative.org info@pscinitiative.org Rosie Towe: PSCI

+44 (0) 7342990241

For more information about the PSCI please contact:

PSCI Secretariat
Carnstone PartnersLtd

Durham House About the Secretariat

Durham House Street Carnstone Partners Ltd is an independent managementconsultancy,
London specialising in corporate responsibility and sustainability, with a long
WC2N 6HG track record in running industry groups.

info@pscinitiative.org ‘ Carnstone

+44 (0) 7342990241
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