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Overview M=

Chemicals have the ability to react when exposed to other chemicals or certain
physical conditions. The reactive properties of chemicals vary widely and they
play a vital role in the production of many chemical, material, pharmaceutical,
and food products we use daily. When chemical reactions are not properly
managed, they can have harmful, or even catastrophic consequences, such as
toxic fumes, fires, and explosions. These reactions may result in death and
injury to people, damage to physical property, and severe effects on the
environment. Process Safety Management is used to prevent and mitigate
chemical reactivity hazards.
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Highlights

* Ammonia Refrigeration. OSHA eTool. Assists employers and employees
in identifying and controlling the hazards associated with the operation
and maintenance of ammonia refrigeration systems. Many of the
requirements of the Process Safety Management (PSM) Standard, 29 CFR
1910.119, are identified in this eTool as possible controls and are useful
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as recommended practices, whether or not the ammonia refrigeration
system is a covered process.
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Hazard Recognition

Chemical reactivity hazards present serious, sometimes catastrophic danger to
workers when the hazard is not thoroughly understood and controlled. Hazardous
releases have resulted in fires, explosions, toxic, and/or high-energy events when
chemical reactions have gone astray. Conducting safe chemical reactions is key to
the chemical manufacturing industry and vitally important to employee health
and safety. The following references aid in recognizing chemical reactivity
hazards.

= Carbon Monoxide Explosion Hazards in Electric Arc Furnace Steelmaking
Operations. OSHA Safety and Health Information Bulletin (SHIB),
(December 4, 2015).

= Identifying Chemical Reactivity Hazards: Preliminary Screening Method.
Environmental Protection Agency (EPA) Chemical Safety Alert EPA 550-

F-04-004, (May 2004). Identifies the Center for Chemical Process Safety
(CCPS) preliminary screening method as a tool to help small and medium
size facilities identify where chemical reactivity hazards are likely to occur
and may be applicable to a wide range of activities including warehousing,
repackaging, blending, mixing, and processing.
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Guidelines for Chemical Reactivity Evaluation and Application to Process
Design. American Institute of Chemical Engineers (AIChE), Center for
Chemical Process Safety (CCPS), (1995). Provides principles and
strategies for the evaluation of chemical reactions, and for using this
information in process design and management.

Guidelines for Safe Storage and Handling of Reactive Materials.
American Institute of Chemical Engineers (AIChE), Center for Chemical
Process Safety (CCPS), (1995). Offers guidelines that can significantly
reduce the risk or mitigate the severity of accidents associated with
storing and handling reactive materials.

PSM of Highly Hazardous Chemicals. OSHA Fact Sheet, (2002).
Discusses OSHA standard 29 CFR 1910.119 including its content, why it
is necessary, and what industries are covered by the standard.

Chemical Accidents from Electric Power Outages. Environmental
Protection Agency (EPA), Chemical Emergency Preparedness and
Prevention Office (CEPPO) Chemical Safety Alert EPA 550-F-01-010,
(September 2001). Discusses how power outages and restarts could
potentially trigger a serious chemical accident.

Safe Storage and Handling of Swimming Pool Chemicals. Environmental
Protection Agency (EPA), Chemical Emergency Preparedness and

Prevention Office (CEPPO) Chemical Safety Alert EPA 550-F-01-003,
(March 2001). Discusses how pool chemicals may become a hazard when
they become wetted by a small quantity of water or when they are
improperly mixed, such as with other chemicals or reactive materials.

Process Safety Management. OSHA Publication 3132, (2000).
Summarizes the OSHA final process safety management (PSM) standard
which applies to manufacturing industries including those pertaining to
chemicals, transportation equipment, and fabricated metal products.

Use Multiple Data Sources for Safer Emergency Response.
Environmental Protection Agency (EPA), Chemical Emergency
Preparedness and Prevention Office (CEPPO) Chemical Safety Alert
EPA-F-99-006, (June 1999). States that a critical consideration when
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choosing a response strategy is the safety of emergency responders.
Adequate information about on-site chemicals can make a difference when
choosing a safe response strategy.

=  Urben, P.G., ed. Bretherick's Handbook of Reactive Chemical Hazards.
8th ed. St. Louis, MO: Elsevier Science and Technology Books, 2017.
Includes every chemical for which documented information on reactive
hazards has been identified. Presents the latest updates on the
unexpected, but predictable, loss of containment and explosion hazards
from chemicals and their admixtures and actual accidents. The
extensively cross-referenced book enables readers to avoid explosion and
loss of containment of chemicals.

» Dangerously Reactive Liquids and Solids - Hazards. Canadian Centre for
Occupational Health and Safety (CCOHS). Answers questions about
properties and hazards of dangerously reactive chemicals.

= Fire Hazard From Carbon Adsorption Deodorizing Systems.
Environmental Protection Agency (EPA), Chemical Emergency
Preparedness and Prevention Office (CEPPO) Chemical Safety Alert EPA
550-F-97-002e, (May 1997). Discusses how activated carbon systems used
to adsorb vapors for control of offensive odors may pose a fire hazard when
used for certain types of substances, if proper procedures are not followed.

» Water-Reactive Chemicals, Hazardous Materials Not Covered Under 29
CFR 1910.119. OSHA Hazard Information Bulletin (HIB), (July 3, 1996).
Highlights a potentially serious hazard regarding materials not covered
by the process safety management (PSM) standard, 29 CFR 1910.119.

= Safe Disposal of Vented Reacting Fluids. Health & Safety Executive
(HSE) Contract Research Report No. 10011996, (1996). Discusses the
subject of relief for runaway reactions.

Incident Investigation Reports

= Accident Investigation Search. OSHA. Enables the user to search the text
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of Accident Investigation Summaries (OSHA-170 form) for words that
may be contained in the text of the abstract or accident description.

» U.S. Chemical Safety Board (CSB). An independent federal agency whose
mission is to prevent industrial chemical accidents and save lives.

o Completed Investigations. Lists completed hazard investigation
reports.

o Hazard Investigation: Improving Reactive Hazard
Management. (October 2002). Examines chemical process
safety in the United States - specifically, hazardous
chemical reactivity. Conducted data analysis evaluating
the number, impact, profile, and causes of reactive
incidents.
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Standards

Chemical reactivity hazards are addressed in specific OSHA standards for general
industry and construction. This section highlights OSHA standards and
documents related to chemical reactivity hazards.
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General Industry (29 CFR 1910) (—#E%(29 CFR 1910))

General Industry (29 CFR 1910) (—#&EE3£(29 CFR 1910)) Related Information

(BHHEKETE : LT D DT 5—Z 1
SHEHRE Y > 2 FhL, SO BT S
PRI T 2 EXTCEET, LUTALC, )

1910 Subpart H -
Hazardous Materials

(1910 #HE (Subpart) H

— fERE EWE) 1910.106, Flammable liquids. Related Information
1910.106, RIEATERAR.

1910.119, Process safety management of highly Related Information
hazardous chemicals.

1910.119, EEEEMHOELVEEME D TOLRALELE
2

1910.120, Hazardous waste operations and emergency | Related Information
response.

1910.120. B A EREYDEER LB X IE

1910 Subpart L - Fire

Protection

1910.156, Fire brigades. Related Information
1910 #ER L - BHX




General Industry (29 CFR 1910) (—#E%(29 CFR 1910))

General Industry (29 CFR 1910) (—#&EE3£(29 CFR 1910)) Related Information

(BHHEKETE : LT D DT 5—Z 1
SHEHRE Y > 2 FhL, SO BT S
PRI T 2 EXTCEET, LUTALC, )

1910 Subpart H -
Hazardous Materials

(1910 #HE (Subpart) H

— fERE EWE) 1910.106, Flammable liquids. Related Information
1910.106, RIEATERAR.

1910.119, Process safety management of highly Related Information
hazardous chemicals.

1910.119, EEEEMHOELVEEME D TOLRALELE
2

1910.120, Hazardous waste operations and emergency | Related Information
response.
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General Industry (29 CFR 1910) (—#E%(29 CFR 1910))

General Industry (29 CFR 1910) (—#&EE3£(29 CFR 1910)) Related Information

(BHHEKETE : LT D DT 5—Z 1
SHEHRE Y > 2 FhL, SO BT S
PRI T 2 EXTCEET, LUTALC, )

1910 Subpart H -
Hazardous Materials

(1910 #HE (Subpart) H

— fERE EWE) 1910.106, Flammable liquids. Related Information
1910.106, RIEATERAR.

1910.119, Process safety management of highly Related Information
hazardous chemicals.

1910.119, EEEEMHOELVEEME D TOLRALELE
2

1910.120, Hazardous waste operations and emergency | Related Information
response.

1910.120. B A EREYDEER LB X IE

1910 Subpart Z - Toxic and

Hazardous Substances
1910.1200, Hazard Communication. Related Information




General Industry (29 CFR 1910) (—#E%(29 CFR 1910))

General Industry (29 CFR 1910) (—#&ZE 3 (29 CFR 1910))

1910 Subpart H -
Hazardous Materials

(1910 #H# (Subpart) H
- AR EWE)

1910 #iEB Z — AR EEY
=1

Related Information

(BHHEKETE : LT D DT 5—Z 1
SHEHRE Y > 2 FhL, SO BT S
PRI T 2 EXTCEET, LUTALC, )

1910.106, Flammable liquids.

1910.106, B A4 &IK.

Related Information

1910.119, Process safety management of highly

hazardous chemicals.

1910.119, EEEEMHOELVEEME D TOLRALELE
2

Related Information

1910.120, Hazardous waste operations and emergency

response.

1910.120. B A EREYDEER LB X IE

Related Information

1910.1200, BB EEDITE (/Y —Fa32=45—23
)
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General Industry (29 CFR 1910) (—#E%(29 CFR 1910))

General Industry (29 CFR 1910) (—#&ZE 3 (29 CFR 1910))

1910 Subpart H -
Hazardous Materials

(1910 #H# (Subpart) H
- AR EWE)

Related Information

(BHHEKETE : LT D DT 5—Z 1
SHEHRE Y > 2 FhL, SO BT S
PRI T 2 EXTCEET, LUTALC, )

1910.106, Flammable liquids.

1910.106, B A4 &IK.

Related Information

1910.119, Process safety management of highly

hazardous chemicals.

1910.119, EEEEMHOELVEEME D TOLRALELE
2

Related Information

1910.120, Hazardous waste operations and emergency

response.

1910.120. B A EREYDEER LB X IE

Related Information

1910.1450, Occupational exposure to hazardous

chemicals in laboratories. 1910.1450. EB=I(ZHI1T5E
BREESLIEEMENDRBENIICE

Related Information
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General Industry (29 CFR 1910) (—#E%(29 CFR 1910))

General Industry (29 CFR 1910) (—#&ZE 3 (29 CFR 1910))

1910 Subpart H -
Hazardous Materials

(1910 #H# (Subpart) H
- AR EWE)

Related Information

(BHHEKETE : LT D DT 5—Z 1
SHEHRE Y > 2 FhL, SO BT S
PRI T 2 EXTCEET, LUTALC, )

1910.106, Flammable liquids.

1910.106, B A4 &IK.

Related Information

hazardous chemicals.

1910.119, BEREEEMHOEVEEMED TOLRAREE

I,

1910.119, Process safety management of highly

Related Information

response.

1910.120. B A EREYDEER LB X IE

1910.120, Hazardous waste operations and emergency

Related Information
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Construction (29 CFR 1926)

R (29 CFR 1926)

Construction (29 CFR 1926)

a2 (29 CFR 1926)

1926 Subpart D -
Occupational Health and
Environmental Controls

1926 #H&R D - FEBAELIR
REHE

Related Information

1926.59, Hazard Communication.

1926.59, R B EMDEE (NS —Fa3a =7 —3Y)

Related Information

1926.64, Process safety management of highly
hazardous chemicals. For requirements as they pertain

to construction work, follow the requirements in 29 CFR

1910.119.

1926.64, BIREZEHOESMEEMEDTOLRLEE
IR EERMEEICEAT AEHIZDOLVTIL. 29 CFR 1910.119
DEHIZR-TLZELY,

Related Information

1926.65, Hazardous waste operations and emergency
response.

1926.65. B E S REEMDIRELBEIXIE

Related Information
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State Plan Standards

State Plans are OSHA-approved workplace safety and health programs operated
by individual states or U.S. territories. Most State Plans cover both private
sector and state and local government workers throughout the state, while
several cover only state and local government workers. See a complete listing of
all State Plans. State Plans are required to have standards and enforcement
programs that are at least as effective as OSHA's and may have different or
more stringent requirements. Explore specific State Plan safety and health
standards and regulations.

Process Safety Management
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Additional Directives

Note: The directives in this list provide additional information that 1s not
necessarily connected to a specific OSHA standard highlighted on this
Safety and Health Topics page.

OSHA Response to Significant Events of Potentially Catastrophic
Consequences. CPL 02-00-094, (July 22, 1991).

Department of Transportation (DOT)

49 CFR 105-177, Subtitle B--Other Regulations Relating to
Transportation

Environmental Protection Agency (EPA)

40 CFR 68, Chemical Accident Prevention Provisions. Includes a list
of regulated substances and thresholds, the petition process for
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adding or deleting substances to/from the list of regulated
substances, the requirements for owners or operators of stationary
sources concerning the prevention of accidental releases, and
approved state accidental release prevention programs.
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Hazard Evaluation

Determining the potential for interactions is not always easy. The key to
evaluating chemical reactivity hazards is to first determine what
chemicals exist in the workplace, and then determine which chemicals are
reactive with other materials. The following resources aid in evaluating
reactive interactions and their potential hazards.

» Chemical Reactivity Worksheet. Collaboration of several
organizations including the Center for Chemical Process Safety,
Environmental Protection Agency, NOAA's Office of Response and
Restoration, The Materials Technology Institute, Dow Chemical
Company, Dupont, Phillips. Provides a program that can be used
to find out about the reactivity of substances or mixtures of

substances.

Resources
»  Process Safety Progress 21.4 (December 2002).

o Kao, C, et al. "An Index-Based Method for Assessing
Exothermic Runaway Risk." Pages 294-304. Proposes a
simplified mathematical and tabular method for assessing
the risk of exothermic runaway reactions, based on the
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calculated hazard index.

EPA Chemical Safety Alert: Identifying Chemical Reactivity
Hazards Preliminary Screening Method, May 2004. Introduces
small-to-medium-sized facilities to a method developed by the
Center for Chemical Process Safety (CCPS) to screen facilities for
chemical reactivity hazards.

Lewis, Richard J., Sr. Sax's Dangerous Properties of Industrial
Materials. 12th Edition, New York: John Wiley and Sons,
December 2012. Provides information on the hazards of substances
used in industry. Includes toxicological, fire, reactivity, explosive
potential, and regulatory information.

Urben, P.G. Ed. Bretherick’s Handbook of Reactive Chemical
Hazards. 8th ed. St. Louis, MO: Elsevier Science and Technology
Books, 2017. Includes every chemical for which documented
information on reactive hazards has been identified. Covers more
than 5,000 elements and compounds, along with secondary entries
involving two or more compounds, and features extensive cross-
referencing, which links similar compounds of incidents not
obviously related.

American Institute of Chemical Engineers (AIChE), Center for
Chemical Process Safety (CCPS) Guideline Series:

o Guidelines for Chemical Reactivity FEvaluation and
Application to Process Design. New York: Wiley-AIChE,
2004. Provides principles and strategies for the evaluation
of chemical reactions, and for using this information in
process design and management.

o Guidelines for Hazard Evaluation Procedures - With
Worked Examples. 3rd ed. New York: Wiley-AIChE, 2008.
Provides process engineers with up-to-date on the effective
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methodologies that process safety demands.

o Guidelines for Safe Warehousing of Chemicals. New York:
Wiley-AIChE, 1998. Presents performance-based
approaches to such hazards as health effects, environmental
pollution, fire, and explosion that provides practical means
to minimize the risk of these hazards to employees, the
surrounding population, the environment, property, and
business operations.

o Guidelines for Safe Storage and Handling of Reactive
Materials. New York: Wiley-AIChE, 1995. Presents critical
guidelines that can significantly reduce the risk or mitigate
the severity of accidents associated with storing and
handling reactive materials.

o Guidelines for Engineering Design for Process Safety. 2nd
ed. New York: Wiley-AIChE, 2012. Includes guidance on
Basic Physical Properties /Thermal Stability Data.

o (L FWEDLEMEE T 544 R4, New York: Wiley-AIChE,
1998 fHER 2 BREEIHYL, KK, 1B EOfERAERICKT T —~
AR—=2ADT Fu—FfrL, (AR, FEOAND, B, MELROFIEE
EANCKT DN D OERAEENED Y X7 25/ RIS 2 5720 DFEMAR 72T
Rt L £,

o SUSHEMEL O Z 2T RE E B WICEE T 5 54 K7 A >, New York: Wiley-
AIChE, 1995. 5O B O LR & B D RN BIE T 5 FHilfd U R 7 & KIBIZ
L, BERELZBRBCEI2EERTA RIA v 2RLET,

o ek R ELED-ODO =T VU TERHDOHTA T4 2, 2nd ed. New
York: Wiley-AIChE, 2012 5LAWME: « BVLZEMT — X ICBAT 2 04 X U ARG
EFNTVET,

Control and Prevention

The following references provide information about the control and prevention of
chemical reactivity hazards, including laboratory safeguards.

» New Measures Adopted to Prevent Chemical Accidents for Improved
Community Safety. New Jersey Department of Environmental Protection
(NJDEP) News Release, (August 5, 2003). Announces the expansion of
New Jersey's Toxic Catastrophe Prevention Act (TCPA) program to
provide greater protection for residents living near industrial facilities.

il & FBh

UTFOSEBERHL, EREOE—7 H— FE2E TP RISTED ER Ol & 7
BICBET oI Mma 1Rt L £,

o (LFEWE RS IEDT= OO - hik A L, ko etton EaX
b, =a—Vy—U—NEREHRERFINIDEP) D=2 — 21 U — (2003 4
8HABH), =a—V ¥ —V—MOEEKRKE ILIE(TCPA) Y v 77 ADYE
RuEFRL, LERBOFAFEDLFERICEI D RERRGELREL 77,
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Guidelines for Process Safety in Batch Reaction Systems. American
Institute of Chemical Engineers (AIChE), Center for Chemical Process
Safety (CCPS). New York: Wiley-AIChE, 1999. Identifies the singular
concerns of batch reaction systems including potential sources of unsafe
conditions. Provides a "how-to" guide for the practicing engineer in
dealing with them by applying appropriate practices to prevent accidents.

Guidelines for Safe Storage and Handling of Reactive
Materials. American Institute of Chemical Engineers (AIChE), Center for
Chemical Process Safety (CCPS). New York: Wiley-AIChE, 1995. Offers
guidelines that can significantly reduce the risk or mitigate the severity
of accidents associated with storing and handling reactive materials.

Remediation Technology Screening Matrix (RTSM) and Reference Guide,
Version 4.0. U.S. Department of Defense (DoD) and other Federal
Agencies participating in the Federal Remediation Technologies
Roundtable (FRTR), (January 2002).

Chemical Reduction/Oxidization. Describes the unique hazards
associated with reduction/oxidization including physical,
chemical, radiological, and biological hazards. Also offers effective
control methods.

(o]

For additional information, see OSHA's Safety and Health Topics Pages

on:
o Chemical Hazards and Toxic Substances
o Hazard Communication
o Laboratories
o Process Safety Management

Responding to hazardous chemical releases

Employers whose workers will be involved in emergency response operations for
releases of, or substantial threats of releases of, hazardous substances regardless

N FIR T R T AT B 7' 0 E XL HICETE 07 FZ71 2, KE
% TH%S(AIChE), k%7 utv 2% 42t® % —(CCPS), New York:
Wiley-AIChE, 1999.%4 TR WG DOIETER 72 JRIK & B e /N F Rt & A
T ADORF R IR EERE L ET, FHAERRICH CTooIciy) 72 E ik x
WAL, EEFTOZ D=7 0T D200 [ — | HA Rt
LET,
JIETERI I DL R RE EIRRNZ BTS00 FZ7 1, KEULFE TR
(AIChE), {b# 7 mt2x%4et % —(CCPS), New York: Wiley-AIChE,
1995 SUGHEREFORE « BRI B 2 i U 2 7 2 KIE IR L |
HEREZRFTEDHHA T4 2L ET,
BRI (VAT T—232) Bl X2 Y —=2 277 0RTSM) K V2%
(V77 LX) D0 P N—=232 4.0, kEEE DoD) M O DAt
BRI, EIEROE RN T v R T — 7 ALEFERTRICE I L TWE T
(200241 A ).,
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DIALICBE T 2 2 =— 7 pfaRz i L E 3, DIRALHIETIES
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of the location of the hazard must comply with OSHA’s Hazardous Waste
Operations and Emergency Response(HAZWOPER) standard, 29 CFR 1910.120.
This may include emergency response following an earthquake. Instruction CPL
02-02-073describes OSHA enforcement procedures under the relevant provisions
of the HAZWOPER standard.

The U.S. Environmental Protection Agency (EPA) has promulgated a standard
applying OSHA’s HAZWOPER standard to state and local government workers
in states where there is no OSHA-approved State Plan. See 40 CFR Part 311.

OSHA’s HAZWOPER Safety and Health Topics page explains requirements of the
OSHA HAZWOPER standard, including required worker training.

TAHMERE L. fERAEWE O OGRTIZEMR7: <. OSHA OfElf EHEIE
WEE K VB2 S (HAZWOPER) | 29 CFR 1910.120 %8573 5 M4 EQ
HYET, T, HEZOBREFIENEENDIHERH Y £7, m5 CPL
02-02-073 1%, HAZWOPER #it& 0 B #1235 < OSHA O#YT FIEZ i
LTWET,

KEBRBERET(EPA)IL, OSHA 235G L 7= )N FHE A3 72 VN O K OVl 5 B
DOy EFE I OSHA @ HAZWOPER HE#EZ AT 2 %L AFRK L F L=, 40
CFR Part 311 # &R L T 23y,

OSHA ® HAZWOPER Safety AND d Health Topics ~X— ¥ Tl%, OSHA
HAZWOPER EH#EDZFITOWTHBA L TV E T,

Additional Resources

Related Safety and Health Topics Pages

= Ammonia Refrigeration
Training

» OSHA Training. Provides links to training and education resources as
well as courses provided by the OSHA Training Institute in occupational
safety and health for federal and state compliance officers, state
consultants, other federal agency personnel, and the private sector.

= Construction Industry Outreach Training Program. OSHA.

»  Fducation and Training. American Institute of Chemical Engineers
(AIChE). Lists several courses on plant design, operations, and process
safety.

»  Education. Mary Kay O'Connor Process Safety Center. Offers a variety of

BMOFEHRE (VY —X)

BEEER BeFE Py I R =D
o T UE=THIE

BEIJH (FL—=7)

® OSHAZFIMW (FL—=r7) , EAEKINDIESF (27747 )
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il AT 5 OSHA ZEIIMHERE (FL—= 7 A AT 47 2—
) BRETD P —= T ROBEHERR (VY —R) ~DV 7 &8k L
£7

® A EWHMET m T A, OSHA.
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(AIChE) Kk [E{t T2 (AIChE) KE(L¥ T4, 77 v haxet, EH, 7w
T ALERIET AN oD a—R2A&E Y X R LTWET,

® #HE., Mary Kay O'Connor 7RV RAZREE L ¥ — XFXFRT 0 REZE
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Other Resources

General

process safety courses, which are also offered on-site and can be tailored
to specific needs. Courses include reactive hazards identification,
experimental and theoretical assessment methods, and hazards
management.

Process Safety Incident Database (PSID). American Institute of Chemical
Engineers (AIChE), Center for Chemical Process Safety (CCPS). Provides
participants access to the database and giving each the benefit of the
collected experiences. The CCPS facilitated the development of the PSID
to collect and share incident information and experiences.

Center for Chemical Process Safety (CCPS). American Institute of
Chemical Engineers (AIChE). Brings together manufacturers, insurers,
government, academia, and expert consultants to lead the way in
improving manufacturing process safety. Conferences, courses, and
publications on process safety are available.

Committee E27 on Hazard Potential of Chemicals. American Society for
Testing and Materials (ASTM). Develops test methods and standards
related to the potential of chemicals to produce hazards such as ignition
and energy release.

Design Institute for Emergency Relief Systems (DIERS). American
Institute of Chemical Engineers (AIChE). Works to reduce the frequency,
severity and consequences of pressure producing accidents, and to develop
new techniques which will improve the design of emergency relief
systems. This user group consists of 160 companies.

U.S. Chemical Safety Board (CSB). An independent federal agency
established to promote the prevention of major chemical accidents at fixed
facilities. It produces accident and hazard investigation reports, conducts

— A2z L TRy, S ThEfiah, BED=—XZabY THETEE
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RTR X =i e & OfalR e £ ILF W E O FTREVEICBEE 9 5 R 75 1k
LHEERFE L E T,

BRERE L AT LAREHFTEAT(DIERS ) . K[E(LS: T 52 (AIChE) KEA LS
T2 (AIChE) K[E{b2 T2 (AIChE) KX EALF T 222 (AIChE) X E{L
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T LD UGET D LWEINOBRREICER Y i, 22— —7 1 —
X 160 (L THRER S LTV E T,

KENLF M E 2T ER(CSB) . FEEkX IR 5 BRI EF SO
1 2R 2 72 O ITFRAL ST N U7 R R, e oA LR

20




research, and advises industry, labor, and government.
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