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The National Pollution Pravention Center
for Higher Education: )
Univarsity of Michigan, Dana Bullding
430 Esst University Ave.
~ Ann Arbor, Ml 481091115
+Phone: 313-764-1412

.+Fax313-936-2185 e
« E-mait: nppc Gumich.edu Lo o
The mission of the NPPC Is to promats sustainable development

by educating students, faculty, and prof
. preveation; craate educational materials; provide tools and
 stratégies for acdrassing relevant enviconmental problems; and.
sstablish a national network of poliution prevention educators.
In addition to deveioping educational materials and conducting
research, the NPPC aiso offers an internship program, profes-
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Your Input is Welcomel
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Please take a moment to offer your comments and communicate
theem to us. Also contact us if you wish to recsive a documents
mmmawmm.wm-uonawum

resources, of be listad in our Directory of Pollution Prevention .
- in Higher Education. oo

We're Going Oniine! ST :
The NPPC provides information on its programs and educationsl
materials through the intemet's Worid Wide Web; our URL is:

w-mwmmummmwm .
gophet (gopher.snwe.umich.edu) and anonymous e ’
(ftp.snre.umich.edu). Please contact us it you have comments
about our online resources or suggeations for publicizing our
- aducational materials through the Intemet. Thank yout
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Explanation of Compendium Contents
®  Introductory Materials | | o .

. O Overview of Environmental Problems. Each chapter highlights I
- dmajor area of environmental concern: energy use, global. C
" change, resource depletion, land use and development, waste,
" air quality, water quality and quantity, ecological health, and
_ human health. Includes definitions of concepts and terms, cur-
..renit data and research findings on the state of the environment,
" tables, figures, and guidance on obtaining more information.

 This document is designed to help faculty in all disciplines pre-,
" pare course materials and lectures. For people who may not
-have extensive knowledge of environmental issues, it provides .

- background information; for those already familiar with environ-
mental problems, it is a convenient, concise source of current
data. The formal allows individual topic areas to be easily re-

: . produced for distribution to students; all figures and tables are
. provided in a full-page format suitable for overheéad projection.

O Pollution Prevention Concepts and Principles. This shorter '
.~ paper introduces the concepts, terminology, objectives,and R
scope of pollution prevention. It discusses how government
" and the private sector are currently. perceiving and implement-
_ ing pollution prevention and describes the barriers and benefits
encountered in implementing pollution prevention activities.
O Pollution Prevention Applications to Chemistry. Chemistry .
plays a critical role in advancing key principles of pollution pre-
o . vention and sustainable development. This introduction will
. ' . provide a framework for improving the design and management
of chemicals and chemical processes; present tools for designing
© - environmentally preferred synthetic pathways and less toxic
o mesrout e c!umials and introduce methods for environmental assessment-
C : to asaist faculty in incorporating pollution prevention concepts -
and practical tools into chemistry curricula. '

-

. ® NPPC Rescurces | ,
O Pollution Prevention and Chemistry Resource List, A list of all
" relevant rescurces known to the NPPC. The “Educational Tools”
. section lists three articles; the “Reference Materials” section lists
146 articles, three books, three reports, five publishers, five on-
_line services, four faculty involved in pollution prevention edu-
cation, and five organizations. Includes summary inatrix: Most
. ‘ = S qf&e'm&ﬁah}ﬁsﬁdmcﬁmmonlyfoundmcdnegelﬂ:raﬁs
.o S  of bookstores; for others, the list explains how to obtain them. .
‘ O Annotated Bibliography of Chemistry-Related Pollution - .
" Prevention Sources. Alphabetically lists'and describes all e
materials cited in the Resource List. . : ‘
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i ' " under the direction of Thomas Dunn, Professor, Department of Chemistry;
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" and Environment; and Nancy A: Osborn, Publications Manager, NPPC.
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. Using This Compendium - * -
- tion principlés into the field of chemistry — industrial -
" - applications, academic research, educational curricula.
. These are illustrated in the journal articles, reports,

" books, conferénce proceedings, and educational tools B

. cited in this Resource List. We recognize that this list -

. does not identify every source relévant to the topic of -
* pollution prevention in chemistry.. But we believe that

it will Help people get a good start 6n.incqr?orét‘ing'

pollution prevention, into the chemistry cumculum.

| In thlsRaource List, we have grouped all citations .

.under several main themes. Then, to more specifically

describe the contents of the citations, we have assivgned' .
codes to.them. Finally, each citation has a number cor- ;

ing to its audience level. (For a description of

these themes and codes, see “Classification of Resource ‘
_Materials” on thepage3) - - = .

Attheemjlofﬂ\'eRéou’rc'eListisavsmmarymatrix--
An alphabetical list of the citations runs down the left
side of the matrix. Codes run along the top. The num-.

 bers in the cells represent the audience level.

4 ‘Thusv'}'qﬁmyaéproachtlhissefof,taour&sﬁoma‘ny‘
" angle. Ifymiwa'ntt'ae(aniineev_e:yﬁ\ingwi&\ina

thune.startmththemxtoftheRaourceLmt If you
woﬂldprefettokpepanmawerfocus_.sta:twid\‘d\e ’

appropriate column in the matrixZ- you will be able

to quickly identifiy all citations pertaining to a general = -
. topic (e.g., “alternative synthesis?), a specific subject -
' (e.g-» “a synthesis employing biological systems®),ora’
" combination (e.g., “alternative biological catalysts“or

“toxicity /risk assessments of solvent alternatives”).

" Complementing the Resource List is our Annotated: -

Bibliography, which describes all Resource List
materials in more detail; it is arranged alphabetically .-

‘by author name. Once you hiave chosen citations from-

either the Resource List or its matrix, you may turn
to the Annotated Bibliography for a more detailed
description. The Resource List,its matrix, and the

. accompanying Annotated Bibliography are designed '

to make this compendium easily accessible by a wide

- ‘National Polkition Prevention Centes for Highar Educs
Dana Buiiding, 430 Esst University, Ann Arbot M1 48109-1115.

D Nt 1412 + Fax 313.936.2198 « E-mak nppc@umich.edy.

Eoucation « University of Michigan

" range of users.
May be reproduced Rmun-i
freely for non-commarcial CL ' . August 1998
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Terminology and Framework

When evaluating the content of these documents, itis
important to understand that pollution prevention
within the chemustry discipline is relatively new, with ~
little uniformity in the use of terminology- Phrases
and words such as “benign,” “non-toxic,” “benign by
design,” “green chemistry,” “environmental chemistry,”
safer chemical design, and clean processes are often
used synonymously to describe very different concepts.
Specific criteria for definitions are usually not given,
and frameworks for definitions are rarely explicitly
stated. This lack of uniform definitions becomes a
problem when chemicals or chemical syntheses are
evaluated. For example, a certain chemical may be
ecologically safe and deemed a “benign” alternative,
but the synthesis of that chemical may involve highly -
toxic intermediates or by-products. '

To label a chemical substance or process with a word '
like “benign,” one must consider all aspects of the
chemical and its synthesis. A comprehensive examina-

e tion encompasses all of these issues: material process-
ing,mmnf:cmring,use.ﬁuteﬁalorenergytemvery,' .

and disposal. The following framework' defines sev-
eral iraportant criteria for the design and management
‘of chemical substances and processes.

« Environmental Criteria. Resource depletion (re-
newable and nonrenewable), energy consumptiony,

waste generation (air and water pollution, selid and -

»

hazardous waste), human health risks (workers,
consumers, communities), ecological degradation:
(sensitive species, habitat resiliency). '

%o

ife Cycle Desigu Framework and
Demonstration Projecis: Profilss of ATST and AlliedSignal.
innati: Risk Reduction’ .
U&Envimnmmul?m&dbnAmeylm

« Performance. Chemicals are required to serve a
variety of functions within the econommy: as cleaning
agents, lubricants, solvents, flavorings, pharmaceuti-

cals, etc. They must perform effectively and efficient-'

ly to be accepted by consumers as a viable product.
Performance requirements often influence and con-
strain environmental requirements; inadequate per-
formance can result in more negative impacts. |

¢ Cost. Regardless of how well a ivroduct pei'fomns

and meets environmental criteria, economics
strongly influences how one produces a chemical. '
Costs to.consider over the product’s life cycle Y
include: commodity chemical prices, monitoring
and permitting, the explicit energy costs of manu-
facturing, potential liability and remediation costs,
and costs associated with treatment and disposal.

o Legal. Compliance with mandatory regu]aticrh:; is |

an important “must” requirement for a chemical

~ product system. Legal requirements’ include local,
state, and federal environmental, health, and safety

" regulations. As a preventative measure, pending
legislation should alsobe taken into consideration.
In order to avoid reguiatory conflicts, new cherni-
cals and processes that exceed current regulations
stiould be developed. '

Ofcourse,fewckmicalsorproéaseswill‘beinperfed

accord with all of these criteria. Tradeoffs will occur,
and the cutcome of design and management decisions

. will depend on how one weights the individual issues. '

We encourage readers to make their own judgments
about the “environmentally preferable” dlternatives -
presented in this compendium based on the above
“Life Cycle Design” criteria. ..~ A

/

2+ Asscurce List
Avguat 19638 :
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- ,Claséificatibn of Resource Materials

.codes indicate each document’s intended audience.

- MAIN THEMES:

¢ 4 g R

" C: Presents broadetogetgxqu of topics :élz'vnn'ttd_: .

The citations in this Resource List are grouped into

five main themes. The citations themselves have been -

assigned General and Subject codes to further describe

-+ the information they cover. Also, in order to give the .

reader an idea of a citation’s complexity, numerical -

—
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Incorporating Pollution Prévention Into Cufricula
‘ 'an'ss-toxii: Alterﬁativés in Cheﬁical Synthesas -
. »Czl‘c.)mputerk or Matheqtaﬁcal Modelmg |
ch.Srl‘lut'fon Prgyéntionﬁ ‘Relﬁt'ed Prografns A
Overviews or General Di;;;u:ssibq

GENERAL CODES L

A: Describes a new, more envuonmentally responsible

~*'synthetic route to a product. One example is the sub-
. stitution of supercritical CO, for organic solvents when
. synthesizing polymeric materials; another is the syn-

thesis of polyurethane from the catalytic carbonylation
(as opposed to the phosgenation) of nitroaromatic _. .

compounds..

‘B: Describes the replacement of a'product witha new,

Jess-toxic alternative. ' An example is the substitution-

'thxyahamse;hnawiﬁ\awséahms'

in the adhesive industry.

pollution prevention inchemistry: ‘These documents-

.~ may provide information on the history, future, and/,

‘or recent developments of a chemical synthesis, indus-
trial process; or research program. Often included are
* general dxscusaiomoicost.waste, and toxdcity.. -

. SUBJECT CODES

Bio. ‘A synthesis or catalysis éz‘hpioying biological sys-
tems (e.g., the synthesis of catechol from a biocatalytic/

. enzymatic pathway as opposed to benzene alkylation):

Cat. Chemical‘clvsign incor‘épra’ting alternative catalysts. 7

CS An indxistrial Appﬁcaﬁon of poﬁﬁtioni prevention

, prir;cip;la—a)case study providing readers with a dem-
_ onstration of how P2 principles can be incorporated

into industry.

. _Econ. ’ThAe economic aspects of chemical production. -

'EU ‘Assessments of chemical substitutes for end-use

. appﬁcéﬁon; based on performance,'toxicity, and other

iésua-' 3 - ' . 3

o

F/R* Chemical design incorporating alternative s

 feedstocks or reactants.

. Opt Approaches for optummlg a synthehc procedure '
! so that yield is enhanced and/or the generationof -
" harmful by-products is reduced or eliminated. ’

SAR Maﬂmaﬁcal re!ahonsiups between a cﬁemic_al’s
structure and its measurable behaviors. [These docu-. -

ments may address structure-activity relationships or

" quantitative ;uuc:umcgvity»relaﬁonstﬁps (QSARs).]

Sim. The use of computer modeling or smzulatwn in
the develppment of new synthetic pathways or novel -

- - “ “\\ - o : . .
" T/R Toxicity or risk assessment of chemicals. ‘

AUDIENCE LEVELCODES L
1; Requires some elementary science background: -

a Requimadvancedh\owledgeofdmntry =

- (intended audierice is most likely to be faculty, '

Resource List*3-




Educational Tools

Gollar, Edwin J., and Johin.H. Miller. “Microscale
Qualitative Analysis.” Joumal of Chemical Education
'70, no. 6 (June 1993): A158-A160.

Reel, Kevin. "Hydrogen Suifide Is Not Such a
Rotten [dea.” Jounal of Chemical Education 70,
no. 10 (October 1993): 854.

Wilcox, Mary F., and Judith G. Koch. “A Freshman
‘Laboratory Program Without Chromium.” Journal
" of Chemical Education 70, no. 6 (June 1993): 488.

Reference Materials :
1. Incorporating P2 Into Curricula

Caray, Francis A., and Andrew F. Carey. '
“Environmentally Benign Synthesis in the Introductory
Organic Chemistry Lecture Course.” American
Chemical Society Preprint of Papaers, Division of
Environmental Chemistry 34, no. 2 (August 1994):
180. Presented at the 208th ACS National Meeting,
Washington, August 21-25, 1994. [C] [Econ, 2]

~ Huheey, James E. “Incorporating Environmental
Issues Into the inorganic Chemistry Curriculum.”

. Amarican Chemical Society Preprint of Papers,
Division of Environmental Chemistry 34, no. 2
(August 1994): 181, Presented at the 208th ACS

- National Meeting, Washington, August 21-25, 1994.
Cifal

_Keoleian, Gregory A., and Jonathan W. Buiidey. -
*Incorporating Paliution Prevention into the Chemis~
* try Curriculum: New Challenges and Opportunities.”
. American Chemica| Society Preprint of Papers,
~ Division of Envj(onméﬁial“Chenﬁswa«t, no. 2
(August 1894): 186. Preseated at the 208th ACS.
National Meeting, Washington, August 21-25,.1994.
< C1 ‘ A

Singh, Mono M., Ronaid M. Pike, and Zvi Szafran.
“Poliution Prevention in the Organic and inorganic .
American Chemical Society Preprint of Papers,
- " Division of Environmaental Chermislry 34, no. 2
~ o+ . (August 1994): 194-197. Prasented at the 208th
ACS Nationat Mesting, Washington, August 21-25,
1994. [A]f2} o ‘

‘Smith, Leverett R. “Securing Environmental
Concems in the Chemistry Curriculum.” American

" Ghemical Society Preprint of Papers, Division of

Environmental Chemistry 34, no. 2 (August 1994): ’
198-200. Presented at the 208th ACS National
Meeting, Washinglton. August 21--25, 1994. [Cie]

Steinfeld, J. I., and D. S. Bem. “Graduate Regearch -
and Training in Chemistry of the Environment at
M.L.T." American Chemical Society Preprint of
Papers, Division of Environmental Chemistry 34, no. 2
(August 1994): 187-180. Presented at the 208th
ACS National Meeting, Washington, August 21--25,

1994, [C](2]
" szafran, Zvi, Mono M. Singh, and Ronald M. Pike.

“The Microscale inorganic Laboratory: Safety,
Economy, and Versatility.™ Journal of Chemical
Education 66, no. 11 (November 1989). A263-A267-
(c1i1l s :

Tully, J. C. 'Enwronmeniél Educéﬁon From an

Industrial Perspective.” American Chemical Sociely

Preprint of Papers, Division of Environmental Chem-
istry 34, no. 2 (August 1994): 203. Presented at the -
208th ACS National Meeting, Washington, August T

- 21-25, 1994. [C}{CS, 3]

Vellaccio, Frank. “Making a Place for Environmen-
tally Benign Synthesis in the Introductory Chemistry
Curriculum: Is it a Moral imperative?” American
Chemical Society Preprint of Papers, Division of
Environmental Chemistry 34, no. 2 (August 1 994):

. 179. Presented at the 208th ACS National Meating,

Washington, August 21-25, 1994. [C] 2]

Zwaard, A. W, H. P. W. Vermeearen, and

R. de Gelder. “Safety Education for Chemistry '
Students: Hazard Control Starting at the Source.”
Journal of Chemical Education 66, no. 4 (April 1989):
At12-A114. [C][F/R, Cat, TR, 1] ‘
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. Less-Toxic Alterhat'ives in
Chemical Syntheses ;

LA ALTERNATIVES TO PHOSGENE N
INDUSTRIAL stmeses

DePompe1 M. F “Non lsocyanate Sealants

American Chemical Society Preprint of Papers

- Division of Environmental Chemistry 34, no. 2

. (August 1994): 393-394. Presented at the 208th
- ACS National Meeting, Washmgton August 21-25
1994, [B] [EU, CS, 3] _

: Gargulak J., andw Gladfelter “Homogeneous
. Catalytic Carbonylatlon of Nitroaromatics.” Jouma/

T

. of the American Chemical. Soc:ety_ 116 (1 994)

"~ 8933-8495. [A] [Cat, Opt, 3]

Komiya, Kyosuke, Muneaki Aminaka, Kazumi
Hasegawa, Hiroshi Hachiya, Hiroshige Okamoto,
Shinsuke Fukuoka, Haruyuki Yoneda, Isaburo -
Fukawa, and Tetsuro Dozono. “New Process for:
_Producing Polycarbonate without Phosgene and
Methylene Chioride.” .American Chemical Society
~ Preprint of Papers, Division of Environmental Chem-
istry 34, no. 2 (August 1994): 343-346. Presented -

at the 208th ACS National Meetmg. Washmgton,
August 21-25, 1994 [A}[FR, CS, 3] ' -

‘McGhee, W., Pan Yi. and D. Riley. “Highly Selecnve
' Generation of Urethanes from Amines, Carbon
Dioxide, and Alkyl Chlorides.” Joumal of the Chem-
ical Society-London, Chemical Commumcaaons
{1 994) 699-700. [A] [F/R, 3}

 McGhae, William D., Mark Pate¥, Dennis Riley, Ken

" Ruettimann, John Solodar, and Thomas Waldman.
“Generation of Organic Isocyanates From Amines, -

~ Carbon Dioxide and Electrophilic Dehydrating -

~ - Agents: Use of o-Sulfobenzoic Acid Anhydride.” -
American Chemical Society Preprint of Papers, -
.Division of Environmental Chemistry 34, n0. 2.
" . (August 1994): 206-210.- Presented at the 208th
.~ ACS National Meating, Washlngton. August 21-25,
1994.. [A] [F/R 3} :

_Riley, Dennis, William D. McGhee, andThomas :

Waldman. “Generation of Urethanes and Isocyan-~

~ ates from Amines.and Carban Dioxide.” In Benign

. by Design: Aitemative Synthetic Design for Pollution
_Prevention, edited by Paul T. Anastas and Carol A.
Farris, 122-132. Washington: American Chemical _

. Society, 1994. [A][FR,CS, 3] I

-

Waldman T andW McGhee “lsocyanates From

. Primary Aminés and Carbon Dioxide: "Dehydration’

~ “of Carbamate Anions.”
© Society-London, Chemical Communzcatlons (1 994)

Journal-of the Chemical -
957—958 [A]l [F/R Cs, 3]

.8 SUPERCRITICAL CARBON DiOXIDE AS -
AN ALTERNAT!VE SOLVENT ‘

Aresta M|chele “Perspectxves of Utlhzanon of
Carbon Dioxide asa Building Block.” Amencan

" Chemical Society Preprint of Papers, Division of
- * - Environmental Chemistry 34, o, 2 (August 1994):
" 316-319. Presented atthe 208th ACS National
- Meeting, Washington, August 21—25 1994.

[A] [F/R, Cat 3]

Bradley, Davud “Solvents Get the Blg Squeeze.”

New Scientist 143.(6 August 1994) 32—-35
[C] [Sol, Cat 2] .

Combes,J R., Zh"bm Guan, and JohnM Deslmone

j,“Homogenous Free-Radical Polymerizations.
in Carbon Dioxide: Telomerizatonsof ‘
~ 1,1-Difluoroethylene in Supercritical Carbon DlOdeB

Macromoiecules 27 (1994): 865-867. [A] [Sol, CS, 2]

" DeSimone, J. M., E. E. Maury, Z.Guan, J. R. Combes,

Y. Z. Mencelogiu, M. R. Clark, J. B. McCIann,T J.
Romack, and C. D. Mistele. “Homogeneous and
Heterogeneous Polymenzatxon in Environmentally
Responsible Carbon Dioxide.” American Chemical

* Society Preprint of Papers, Division of Environmental
Chemlstty34 no. 2 (August: 1984); 212-214.

Presented at the 208th ACS National Meeting, .
Washington, August 21-25 1994. [A][Sol, CS, 3]

' DeSimone, John M., Zh:bm Guan, andC.S. Essbemd

“Synthesis of Fluoropolymets in Supercritical Carbon

~ ‘Dioxide.* Science 257 (August 14, 1992) 945—947
‘[A] [Sol Cs, 2] ' _

" Donohue, Marc D., and Jennifer L. Getger. , :
" “Reduction of VOC Emission During Spray Pamting

Operations: A New Process Using Supercrmal K
Carbon Dioxide.” American Chemical Sociely -

.""_* Praprint of Papers, Division of Environmental

Chemistry 34, no. 2 (August 1994): 21 8-219.
Presented at the 208th ACS National Meetmg,
: Washmgton, August 21-25, 1994. [A] [Sel, CS, 3]

. “Gassy Plastics.” Dcsoovens no 6(June 1995)
80. [A][Sol CS, 1]




 Guan. Zhicin, and Jenn M. Desimone. “Fluorocarbon-
Based Hetercphase Polymeric Materials: Block
Capolymer Surfactants for Carbon Dioxide Applica-
tions.” Macromolecules 27 (1994): 5527-5532.
(A} (Sol, 3] .

Johnston, K. P. “Safer Solutions for Chemists.”

Nature 368 (17 March 1994): 187-188. [A][Sol, 2] °

Lim, P. K. “Environmentally Benign Oil-Water
Interfacial Synthesis.” American Chernical Society
Preprint of Papers, Division of Environmental Chem-
istry 34, no. 2 (August 1994): 238. Presented at the

~ 208th ACS National Meeting, Washington, August.
21-25, 1994. (Al [Sol, Cat, CS, 3]

Sawan, Samuel P., Yeong-Tamg Shieh, and
Jan-Hon Su. Evaluation of the Interactions Between
Supercritical Carbon Dioxide and Polymeric Materials.
Los Alamos National Lab Report #LA-UR-94-2341.
~ Available from the National Technical Information
‘Service, 5285 Port Royal Road, Springfield, VA,
22161, (703) 487-4650 ,or the Office of Scientific and

- Technological Information, P.O. Box €2, Oakridge,

TN, 37831, (615) 576-8401. [C} [Sol, CS, 3]
Tanko, James M., Josaph F. Blackert, and Mitra -

- Sadeghipour. “Supercritical Carbon Dioxide as a

Medium for Conducting Free-Radical Reactions.” In
Benign by Design: Altarnative Synthetic Design for
Pollution Prevention, edited by Paul T. Anastas and
Garol A. Farris, 98—113. Washington: American -

. Qhemi@! Soclety, 19?4. [A] {Sol, 2}

" Tanko, James M., Kamrudin N. Suleman, ~~
Glenn A. Hulvey, Anna Park, and Jennifer E. Powers. -
“Solvent Pressure Effects in Free Radical Reactions: '
A Selectivity Inversion in Free Radical Brominations

Induced by Solvent.” ‘Joumal of the American

" Chemical Sociaty 115 (1993); 4520-4525

[A] (Cat, Opt, 3]

Tumas, William, Shaoguang Feng, Richard LeLachew

David Morgenstam, Paut Wiliams, Steve Buelow,

"' Garol Bums, Bernard Foy, Michael Mitchell, Mark

Burk, and Robert Waymouth. “Chemical and Cata-
lytic Transformations in Supercritical .
. can Chamical Society Preprint of Papers, Division of
_ Environmental ‘Chermistry 34, no. 2 (August 1994): .
211. Prasented at the 208th ACS National Meetirig,
Washington, August 21-25, 1994. [A] [So, Cat, 3}

.

=Dratﬁ5,'Kéireﬁ M., and John W. ,
" mentally Compatible Synthesis of Adipic Acid from -
~ D-Glucose.” Journal of the'American Chemical

. New Scientist 141

Fluids.® Ameri- .-

\L.C D-GLUCOSE AS AN
ALTERNATIVE STARTING MATERIAL

Dell, K. A., and J. W. Frost. “|dentification and ,
Removal of Impediments to Biocatalytic Synthesis of
Aromatics from D-Glucose: Rate-Limiting Enzymes

. in the Common Pathway of Amino Acid Biosynthesis.”
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Preprint of Papers, Division of Environmental Chem-

_istry 34, no. 2 (August 1984): 220. Presented atthe

. 508th ACS National Meeting, Washington,

August .
21-25, 1994, [A}{Sol, Sim, CS, 2} ~ ©. "

" williamson, Tracy C., and Paul T. Anastas. “Incorpo-

rating Alterative Synthetic Pathway Design into the -

Synthetic Chemistry Curriculum: EPA Perspectives.” '

.. American Chemical Society Preprint of Papers, Divi-
. sion of Environmental Chemistry 34, no. 2 (August.

o 1994): 177-178. Presented at 208th ACS National -
g Meeting, Washington, August 21-25, 1994. (C][2]
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V. Overviews or General Discussion

Anastas, Paul T. “Benign by Design Chemistry.”

in Benign by Design: Altemative Synthetic Design °
for Pollution Prevention, edited by Paul T. Anastas .
and Carol A. Famis, 2-22. Washington: American
Chemical Society, 1994. (C] 1]

Anastas, Paul T., and Carol A. Farris, eds. Benign
by Design: Alternative Synthetic Design for Pollution
~ Prevention. Amencan Chemical Society Symposium
~ Series, no. 577. Washington: American Chemical

Society, 1994. (C][CS, 2] :

Ariens, E. J. Drug Design. New York, Academic
Press, 1980. [C] {T/R, EU, 2] ‘

Boaethling, Robert S. “Designing Biodegradable
_Chemicals.” In Designing Safer Chemicals, edited
by Roger L. Garrett and Stephen C. DeVito. -
Washington: American Chemical Society, scheduled
‘10 be published in fall 198S. For information, call the
ACS at (202) 872-4564. [B] [T/R, Bio, EV, CS, 3} )

Clarke, Eric A. "Evaluation of the Molecular Design
Approach in the Development of New Dyes.” Drug-
Matabolism Raviews 15, nos. 5 & 6 (1984): 997-

Dambach, Barty F. “Translating industrial Ecology
Into Dasign for Environment (DfE)." American
Chemical Society Preprint of Papers, Division of
Environmental Chemistry 34, no. 2 (August 1994): *
239-242. Presented at the 208th ACS National .
Meeting, Washington, August 21-25, 1984. (C] [cs, 1.

DeVito, Stephen C. “General Principles forthe
Design of Safer Chemicals: Toxioologieel Consider-

* 1o be published in fak 1995. For ‘
ACS at (202).872-4584. [B}{T/R, SAR, BV, 2] -
Drexler, Eric K. “Molecular Manufacturing: A -
Sustainable Basis for Global Wealth.” Leaders

(October/No ? 1993): 98-99.
[cies, 11 S ‘
Fiksel, Joseph. “Principles of Industrial Ecology. -

and Design for Environment® American Chemical .
Society Preprint of Papers, Division of Environmentat
- Chemistry 34, na. 2 (August 1994):
. Presented at the 208th ACS National Meeting,-

Washington, August 21-25, 1984. [C]{2]

. Garrett, Rogér L.

. mental Science & Technology 28, no. 11 (1994):

“Designing Safer Chemicals:

A New Approach to Pollution Prevention.” In Design-
ing Safer Chemicals, edited by Roger L. Garrett and
Stephen C. DeVito. Washingtorn: American Chemical
Society, scheduled to be published in fall 1995. For ’
information, call the ACS at (202) 872-4564. (81 {2}

Garrett, Roger L., and Stephen C. DeVito, eds.
Designing Safer Chemicals. Washington:
American Chemical Society, scheduled to be
published in fall 1995. For information, call the
ACS at (202) 872-4564. [B] [T/R, SAR, EU, 2]

Hirschhom, Joel S. “Enabling Global Implementation

' of Industrial Pollution Prevention.” American Chemi-

cal Seciety Preprint of Papers, Division of Environ-

- mental Chemistry 34, no. 2 (August 1994): 266-267.

Presented at the 208th ACS National Meeting,

{Wa}shington, August 21-25, 1994. [C][2]

liman; Deborah L. “Green’ Technology Presents
Challenge to Chemists.” Chemical & Engineening

‘News 71, no. 38.(6 September 1993): 26-30.

[C]Sim, CS, 1]

liraan, Deborah L. “Environmentally Benign Chemis- |
try Aims for Procasses That Don't Pollute.” Chemical AT
& Engineering News 72, no. 36 (5 September 1 994): N

 22-27. (C] (B0, 1] .

Mittelman, Abe, Daniel Lin, Dorothy Cannon, and C-

K Ho. “Inherently Safe Chemistry Guide.” American
Chemical Society Preprint of Papers, Division of
Environmental Chemistry 34, no. 2 (August 1994):
271-272. Prasented at the 208th ACS National -
Meeting, Washington, August 21=25, 1994, [CI(CS,3].

«Designer Chemistry.” Environ- -
463A. [C1[T/R, EV, 2]

: emical Society, scheduled to be .
pubtished in fail 1985. For information, call the ACS
at (202) g72-4564. [B][T/R, EU, 3l o

" Richman, Jack E. “The Rational Design of Active

Site Catalysts.” American Chemical Society Preprint
of Papers, Division of Environmental Chemmistry 34,
no. 2 (August 1994). _4q4-—407. Presemed atthe
208th ACS National Meeting, Washingtor, August
21-25, 1994. (B} [Cat, CS, 3} ,
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Rotman, Dawid. “Chemisté Map Greener,Synthesfs ,
‘Pathways.” Chemical Week 153 (22 September:

1993): 56-57. [C]{CS, 2]

. . Spitzer, Martin A. “Environmental Accounting.”

- American Chemical ‘.So‘ciet)’/ Preprint of Papers,
Division ofiEnvironmental_Chemistry34, no. 2.
(August 1994): 247. Presented at the 208th ACS~

'National Meeting, Washington, August 21-25, 1994.

(Cl(Econ. 2] e
* Trogler, William C., John D. Simon, and Harry Gray.

" Chemical Society Preprint of Papers, Division. of

" Environmental Chemistry 34, no. 2 (August 1994):
182. Presented at the 208th ACS National Meeting,
Washington, August 21-25, 1994. [C}[2] '

. Trost, Barry M. “The Atom Efficiency—A Search for-
Synthetic Efficiency.” Science 254 (Dec. 6, 1991):
1471-1477. [A] [Opt, 2] -

United ‘States Environmental Protection Agency,
" Office of Research and Development. Guides to
- Pollution Prevention: Research and Educational
-Institutions. EPA/625/7-90/010 Washington: EPA,
- June'1990. (To obtain a free copy, call NCEPI,
 513-891-6561.) [C] [1] L o

Wallace, Michael J. “A Company Program fo -

introduce Pollution Prevention (P2) Concepts .
" Into Chemical Process Development.” American

Chemical Society Preprint of Papers, Division of

" Environmental Chemistry 34, no. 2 (August1984): .-

201-202. Presented atthe 208th ACS Nationat . .
" Meeting, Washington, August 21-25,:1994. ‘

s Peindfcals/PQbii$her§'_"iiv;_;._z'z;».‘ o

‘Chemical Manufacturers Association.
- 2501 M Street NW-~ - _

"' wWashington, DG 20037
'+ (202) 887-1236+; - -

.. Contains stories about industry poliution prevention
- -initiatives, current issues in.the policy arena, science

~ education, new technologies, and recent trends in the
environment, health, and safety field: Itis published

nine times a year, with most of its 75,000 circulation

. ~going to educators for use in the classroom.” Other *
subscribers include certain CMA member company =~

employees, government officials, environmental

government regulations
‘portation fuels at the federal, state, and local levels.

Chemoépheré
" Elsevier Science, Inc.

660 White Plains Road :
Terrytown, NY ' 10591-1513
(914),524-9200 ‘
‘fax (914) 333-2444

i An international, multi-disciplinary journal written to_ -

‘cover issues of environmental protection, health, and -
safety. Critically reviews new areas of environmental
protection. Covers new developments, current research,

! Simon, and Rar, . books, meetings, industrial practices, and government
“Integrating Environmental Chemistry Into Introductory . ‘
- . Chemistry for Majors and Nonmajors.” American = =~

decisions. Articles under the topic “Environmental - -
Chemicals and Analysis” will investigate composition

of industrial products, production, and synithesis of
‘chemicals and their properties. Audience includes *
_ environmental scientists, chemists, chemical enginéers, , .

biologists, toxicologists. -

' Clean Fuels Report

P.O. Box €49

Niwot, CO 80544,
|(303) 652-2632 - | |
* Abusiness and technical journal devoted to clean-

burning alternative transportation fuels. Covers

~ worldwide activities concerning ;omgr&sed natural

gas, liquefied natural gas, propane, methane, methanol, -
ethanol, biofuels, hydrogen, reformulated gasolifie,
and electric vehicles. Each issue contains an update of
ining to alternative trans-

The journal is published five times per year at $395. .

. Environmental Toxicology & Chemistry
- Elsevier Sciencs, Inc. . S
.66 White Plains Road . .
Terrytown, NY '10591-1513 -

(914) 524-9200 - T

fax (914) 3332444 . |

The official journal of the Sociéty of Envirorimental

- Toxicology and Chemistry. Geared toward proiasionaﬁ'
_ - in education, industry, and governmerit who are con- .

cerned about environmental toxicology and chemistry.
Contains integrative articles involvirig organic, environ-
mental and analytical chemistty; ecology; toxicology; -

_ biology; and economics. -

inferest groups; and reporters.
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Online Services

il

CASSI - . “
Chernical Abstracts Service Source index
Chemical Abstracts Service

©, P.O.Bcx 3012

2540 Olentangy River
Columbus, OH 43210-0012
{800) 753-4227 ‘

CCRIS - T S
Chemical Carcinogenesis Research
Information System

National Library of. Medicine -

8600 Rockville Pike

Betheseda, MD 20894

 (B00) 638-8480

ENVIROFATE -

Environmental Fate
Chemiical Information Systems, Inc.
810 Glen Eagle Ct., Suite 300
Towson, MD 21286
(410) 321-8440

ISHOW - .
information System for Hazardous
Organics in Watar

Chemical Information Systems, inc.

810 Glen Eagle Ct., Suite 300

Towson, MD 21286

(410) 321-8440

TOMES - o ‘ R
Toxicology, Occupational Medicine and
Environmental Series Plus Systam:

Micromedex, Inc. .

6200 S. Syracuse Way, Suite 300

Englewood, CO 80111-4740.

(800) 525-8083 - -

' Faculty Involved in :
Pollution Prevention and Chemistry

' " Frank Carey

Dept. of Chemistry and Office of Health & Safety
University of Virginia '
Charlottesville, VA 22803

phone: (804) 924-3512

e-mail: tac6q@virginia.edu

" Thomas Dunn

Chemistry Department
1539 Chemistry Bldg.

_ University of Michigan

Ann Arbor, Mt 48109-1055
phone: (313) 764-7333
e-mail: tornozdun @ umich.edu

- William H. Glaze

Depit. of Environmental Sciences and Engineering
School of Public Heaith . :

University of North Carolina — Chapel Hill -
CB#7400, 106 Rosenau Hall

Chapel Hill, NC 27599-7400

phone: (91 g9) 966-1024-

fax: (919) 966-2563

e-mail: bill _glaze@unc.edu

Mario Molina o

Dept. of Earth, Atmospheric, and Planetary Sciences
Massachusetts Institute of Techriology

Building 54-1312

Cambridge, MA 02139

shone: (617) 253-5081

fax: (617) 253-0354 -

‘e-mail: “mmolina@mit.edu
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Steve Pedersen

Department of Chemxstry

B84 Hildebrand 1460

University of Cahfomia—Berkeley
. Berkeley, CA 94720-1460
phone: (510) 642-9146

e-mail: pedersen @cchem berkeley edu a

W. Harmon Ray ~ : '
Department of Chemical Engmeenng
University of Wisconsin-Madison -
1415 Johnson Dr.:

. Madison W!. 53706

" phone: (€08)- 263-4732

e-mail: ray @engr. wisc. edu

. Samuel P. Sawan

Department of Chemistry
University of Massachusetts, Lowell
One University Avenue

Lowell, MA 081 54-2881

B pﬁone (508) 934-3680

(508) 943-3028
sawansﬂwoods uml edu

' AlecSctanton ,

Department of Chemical Engmeeting
Michigan State University -

A202 Engineering Building

East Lansing Ml 48824-1226
“phone:. (517) 353-3516

fax: (517) 338-1108 - :
e-mait: scrantonOegr msu.edu' o

Leverett Smith

-+, Department of Chemastry
. Contra-Costa College

2600 Mission Beil Drive.
. San Pablo, CA 94806

= phone: (510) 235- 7800 ext. 389 B

;Thomas Spiro
Chemistry Department |

' Princeton University
.. Princeton, NJ- 08540

phone: (609) 258-3907

 fax: (6089) 258-6746

e-maﬂ sptro@chemvax pnnceton edu"

' James Tanko - '
Department-of Chemxstry

- Virginia Tech’

107 Davidson Hall .
Blacksburg, VA 24061 -0212

\ »pnone (703) 231-6687
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Organizations
American Chemical Society
1155 16th Street NW
Washington, DC 20036
phone: (202) 872-4600
The Division of Environmental Chemistry in the
American Chemical Society (ACS) seeks to promote
research, disceminate information and improve educa-
tion and public awareness regarding chemistry of the

' environment. Symposium topics have inci'. ' :d benign
synthesis, design for the environment, ang . .sign of -
safer chemicals. .

. American Institute of Chemists e

501 Wythe St. N

Alexandria, VA 22314-1917
phone: (703) 836-2090 ”
fax: (703) 836-2091 S
e-mall; 76744.2677 Qcompuserve.com -

The American Institute of Chemists (AIC) isanon-

profit association that represents more than 5,000

chemists, chemical engineers and biochemists. Mem-
bers keeps informed of developments in the chemical

field through the AIC publication The Chemist. Al-

though not directly involved with pollution prevention,
AIC will refer inquiries regarding pollution prevention

" in the chemistry field to an appropriate 3

1

" Chemical Manufacturers Association

2501 M Street NW

" Washington, DC 20037

phone: (202) 887-1100

_ The Chemical Manufacturers Association (CMA),

requires all member companies to join the CMA-

sponsored Responsible Care Program, which includes '

the pollution prevention code of management. CMA's
mutual assistance program gives new members the
opportunity to link up with members who have been
successful in achieving their pollution prevention goals.

National Microscale Chemistry Center
Merrirack College

. N. Andover, MA 01845
. phone: (508)-837-5137

fax: (508) 837-5017 .
e-mail: msingh@rmerrimack.edu

 The mission of the National Microscale Chemistry .

Center (NMC?) is to “implement the ideas of chemical-

.use reduction, air-quality improvement, exposure

limitation, recycling, and waste reduction into every
chemical worker’s and every student’s thinking.”
NMC? has published numerous laboratory textbooks
and manuals for microscale- and inorganic
chemistry. Contact NMC* for a list of publications.

Synthetic Organic Chemical Manufacturers Association:
1330 Connecticut Avenue NW, Suite 300
Washington, DC 20036 .

phone: (202) 659-0060 - - i

The Synthetic Orgar Chemical Manufacturers Asso-

ciation (SOCMA) is currentiy developing a program

modeled after CMA's Responsible Care Programu
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Matrix

'. Themes: ) Sublect Classiﬁcanons- Content C!assiﬁations
I. Incorporating P2 into curricula A = Altemative synthesis F/R Feedstock/Reactant
il. Less-toxic alternatives in synthesis "B = Atemnative chemical - .Sol Solvent
“ILA. Alternatives to phosgene s C = Background mfo/gen discussion | . Cat Cataiyst |
II.B." Supercritical CO, ¢+ Opt Optimization .
I,C. D-Glucose : S ’ - TR Toxlc:ty/RxskAssesment )
IS Somricogcn G puan Code: St S iyt
II.LF. Miscellaneous routes/chemicals . O some elementary science - Sim Computer Sumulat\on
{11, ‘Computer/mathematical modeling - - '@ Undergraduate knowledgeofsc:ence . EU End-Use
-1V, P2-related programs - - - -+ - Economic
V. Overviews/general discussion © Advanced knowiedge (facity, etc.) CS Case Study
‘Theme| A | B | C_| FR]| Sl Cat | Opt| TR |SAR| Bio | Sim|
Ainsworfh &Thayer v N B " 1o
Amato - v 0
Ana,stas B A | o
_Anastas & Farris .« v ] @,
Anastas, Nies, & DeVito ml -1 @
' Andefs (1984; “Designing ") 11D AR
Anders (1994; “SARs ...") m ] @
.~  “Applications of Electro. ...” wF] ©
~  Aresta ' “nsl @
Ariens L A ‘ O}
 Arzoumanidis & Karayannis LE} @ )
. Baoetal. nel@| |
" _Belletal, . nef. |®&|
 ‘Bertini & Luchinat DL @
. Bodor (1995) - mf | ®
-Bodor (1984) mf | |8}
Boethling . v}l e
Boizacchinietat. . .~ WUF} ©
. Borman . . - . Wl|®
. Bradiey =~ . . S|
.. Buch & Kashiwag - W} ©
CaoyaCareyt |
" Casanova’ w1 @
Cavanaugh v i '
- Chapman‘ | &
Chynoweth LE @




o “ . treme| A < B | G |Fm Sol Catiopt TR SAR| Bio|sim| EU| cS "‘:}
“T‘CIarke ‘ Y L9 L 1 1 91 \ ‘ 3 )
Clerici, Bellussi, & Romano we| © o] o] )
C!‘chi. Ingallina, & Rossiﬂ - nel O o | o
Combes, Guan, & DeSimone © 1B | @ 0| ()
Czeka] et al. : iLF| @ Q| 9 2]
" - Dambach Ty o ‘ )
Dartt & Davis LE| © (3] (3]
Dell & Frost ne| @ | 9| © ‘
DePompei . LA o o ©
DeSimone et al. . hB| © L3 19
DeSimone, Guan, & Eisbernd sl 9 (2] it D
DeVito (1995; “Designing..”) -~ ILF ) le| e o| o]
. DeVito (1995; “General ...") Y o 9| @ o
" DeVito (1995; “Using SARSs...") m 9 '@ 9
DiCarto} WF o of
¢ Donohue & Geiger . L8| © [ K

" Draths &Frost(1991) ncl o T el Y "‘
Draths & Frost (1930) unD| & o O o
Draths & Frost (1994; “Environ..”) ILC| @ ol | © | ®
Draths & Frost (1994; “Microb..”)* 1.C| @ L K ©
Draths etal. | ncl ® o 0

.. Draths, Ward, &Frost “ncle| | | @ ‘ '@

. Draxier - vl lerer ' Y
Dwyer, Lowis, &Schneider  WE}. | @ | @ )
Emsiey - . Hcl & © ' O\ K
Epling & Wang® . . Hej ©® ) o @ :

" Farrls, Podall, & Anastas: w k- o o
Fiksel ' “ v - e} B
- Fiam (1994; “EPA Campeigns..”) V| |'@ T T 1~ (o | °
" Flam (1994; “Laser Chemistry.") UF| @ R @ | 1.
 Erost& Lievenss* - wcl.® i @ | @ o
Frost&Draths upl © o o @
" Frost — - ncle ) o )
Gargulak & Gladfetter ~ual e _ ol ©
- Garrett S ‘ v o g
Garrett & DeVito . v o o @ )
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~ - - .. . Theme A1 B! C|FMR Sol Cat OptiTR SARBio/ sim: guf cs|
 “Gassy Plastics.” B o B e R s |

' Glasser - . .0 e | N — °Y

. Guan & DeSimone -~ - IlB ' o ; '

' Haggin (1994; “Cat. Critical ...") nLE o

" Haggin (1994; “Cat. Gains ..") WE | o
.- Haggin (1993; “Cat. Process ..."). ILE
'Haggin (1994; “Direct..”) - - ILE
 ‘Haggin (1994; “New ...") . . IL.F
Ral . hF _
. Hancoék&éa\ianaugh' I A T o | | | | :
Ramsen  owf [e}] | | T 1. |ele

/@

®

ololele
ololelelo

olo|o|o|e ol®

: ‘Harris, Tuck, & McKee* WF} © e R R
'Hendershot —  uf|l | |e] |e|® |9 |
Hendéickson -~ = mj |9 N T @

. Hiwsenhem . v | e} 1 — - 1

. Hudlicy WD o | | | |®] | . [®
o Huheey . D Y @ » | o , S
~ Mman(1e83) .V} el | L e 0

“fiman (1984) v el BN
Jacobson & Willingham  ILE o | | |- T Tel | |el.
Johnson & Sharpless -~ WE} ‘ | R |
‘Johnston . . -~ 1B N . R , 1

S dones - nef le} } |1 |- elel | | |o|
L ‘Keoleian & Bulidey R R 1 o
e . ‘Komiyaetal. .. . Cnal '

. Kraus,Kirihara, 8Wu - . IkF 1

" Lee,Garces, &Map. -~ - NE} | @&
um - -~ uwsle@

Clelo|e|

Sl

@

Manzer - .. WEJ @

. Marotta & Sheardy . wbf | ©
 Maxwell&Naber WE

" McGhee,Yi,&Rlley - WAl

. Wcoheseta, . - wale} | @ T 1 v
.. Mine&Wang - m] (e | | 1 | Tel®| | ®
. </ Misono & Okuhara wrfe] | | | @ ' T -
-+ . Mitchell —— w| | [oje] | [ e

ol e
eo|ole|e|®
SRAE

e e
elele
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m Moss & Kent T W o N e
Newman v 2] | 9| B R
Newsome, Nabholz, & Kim v] . 9} : e e
Nikies et al. wFl © o el @
Richman v (3] 1ol o
Riley, McGhee, & Waldman ~ 1LA| © | | e | o
Rotman (1993; “Chemists ...") v ‘ (2] B , SRR 2}
Rotman (1991) : S owm| | @ ) [5) ) _
Rotman (1890) m| |09 ] ) e B
Rotman (1992) * . NE] @ e | | 124
Rotman (1993; “The Quest..") 1lD| @ 0. ol ey 0 |
Sawan, Shieh, & Su “ ne{ | o [5) o
" Sheldon* “ wF | o )
‘Sherrington  WF} O - . 0| ' ,
. Sleburth ILF 0 )
Singh, Pike, & Szafran 110 -
Slone, Anastas, & DeVito m|e 1 3
Smith | o
Snider & McCarthy T K _ o
 Spitzer® ‘ KA B o| |
Stsinfeld & Bem IR R
- Stem S ] & 3
.. Stern & Cheng - nrl & | .l
Stemetal. .. L wrl & e _
Stern, Hileman, &Bashidn ~ WF| @ o K}
- Stinson T WFl e |, )
‘Sundaresan, Simpeon, &Wet-  I.F| @ ' | @ - [
"Sundell & Nasman - wrl el ) ol © @
Szafran, Singh, & Plke oo 1|e e
TankoandBlackert - WFl @ | Q ‘
Tanko: Blackert, & Sadeghipour 1B} @ o | |
Tanko et al.’ — uwsle ol ® -
_ Thayer A o . ‘ - el .-
. Timberiake & Govind “ml (e | [® | Tolo|lo| ™~
" Tobin | N 4 ' |
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@ ~ Pollution’ Prevention - -
- in Chemistry

& PREVENTION SENTER £2R MIGNEI EDUCATION

=

MATIONAL BOL, ST

Annotated Bibliography of Chemiét'ry;
Related Pollution Prevention Sources

" Prepared byAKellie, 'D‘uBa.y and [ason Schweitzer, NPPC Beseﬁrch Assistants;
" under the direction of Thomas Dunn, Professor, Department of Chemistry;
Gregory A. Keoleian, Assistant Research Scientist, School of Natural Resources

' and Enironment; and Nancy A. Osborn, Publications Manager, NPPC.
- [Bracketed information indicates the corresponding section in the Chemistry

" Compendium Resource List.]

~* Ainsworth, Susan J., and Ann M. Thayer. “Chemical

Manufacturers Welcome Challenges of Product

- Stewardship.” Chemicai & Engineering News 72,
© no. 42 (17 October 1994):.10-31. [IV] * -
Provides a detailed review of the chemical'industry’s

implementation of the product stewardship code from

the Chemical Manufacturers Association’s Responsible
+ Care Program. Discusses industry initiatives to ana-
lyze product life cycles with involvement from suppli-

ers, employees, and customers. A section on greener
- products and processes specifically addresses alterna- -
tives to toxic substances in manufacturing. -

Amato, van. “The Slow Birth of Green Chemistry.”

. Science 259 (12 March 1993): 1538-1541. (V1"

. through the discipline of environmental chemistry. - , / SRR
' ' _ .AWashl,ngton:'Arnencan-Chermcal Society, 1994. T} -

. community has not embraced this field. Also touches ~ Providesa comparison between three programs
. on'the relationship between the National Science Foun-
‘: dation and the U. S. Environmental Protection Agency -

Discusses chemists’ role in environmental protection

" Examines the historical reasons why the chemistry

- in ptpﬁioﬁng.gremcmmhty'téeam .

-Benign by De,sigtrAltc‘niativa Synthetic Design for
_Pollittion Prevention, edited by Paul T. Anastas and
Carol A. Farris, 2-22. Washington: American -

Chemical Society, 1994. ™ -
" Provides a thorough introduction to the concepts. of

‘polluticn prevention, benign-by-design chemistry, and

¢he important role the synthetic cheniist plays in envi-
ronmen galp:otecﬁom S e T

Anastas, Paut T.. “Benign by Design Chemistry.™ In -

Anastas, Paul T.,-and Carol A, Farris, eds. Benign
by Design: Altemative Synthetic Design for Pollution
Prevention. American Chemical Society: Symposium -
Series, no. 577. Washington: American Chemical .* -

- Society, 1994. [V] - . - .
Developed from symposium sponsored by the Division

of Environinental Chemistry at the 206th national .
meeting of the American Chemical Society. Includedin -
this book are original papers on benign chemistry that
discuss tools for assessment.  * - I ;

Anastas, Paui ., J. Dirk Nies, and Stephen C. DeVito.
“Computer-Assisted Alternative Synthetic Design for

Poilution Prevention at the U.S. Environmental Pro-

5 .

tection Agency.” In Benign by Design: Alternative

. Synthetic Design for Pollution Prevention, edited

“by Pauil T. Anastas and Carol A. Farris, 166-184.

(CAMEO, LHASA, and SYNGEN) designed to assist ‘
in identification of benign synthetic pathways to -
commercial chen\ic;!s. LT .

Anders, M. W. “Designing Safer Chericals: Role

" of Bioactivation in Chemical Toxicity.” American - ' -

Chemical Society Preprint of Papers, Division of .
Environmental Chemistry 34, no. 2 (August 1994):

... 366-368. Presented at the 208th ACS National -
* Meeting, Washington, August 21-25, 1994. [ll.p_]

' Defines both receptor- and bicactivation-dependent .
toxicity and describes several mechanisms of the latter.
' Discusses the implications of safer chemical productiont

based on the manipulation of bioactivation reactions.

Nationa! Poliution Prevention c-ﬁmtﬁ; H
Dana ing, 430 East Univer: , Ann Arbor M 48108-1115
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~ Anders, M. W. “Structure-Activity Relationships of
Haloalkanes.” Amencan Chermical Society Preprint
~of Papers, Division of Environmental Chemistry 34,
no. 2 (August 1994): 377-378. Presented at the
208th ACS Naticnal Meeting, Washington, August
21-25 1994 (i :
| Bnety aiicusses generalizations about the relationship.
between the structure and metabolism of haloalkanes, -
specificallv monohalomethyl, dihalomethyl, and
tnhalomethyl groups. :

“Applications of Electrocherical Synthesis of h
Qrganics Show Promise.” Chemical & Engineering
News 63, no. 2 (14 January 1985): 29-31. [\L.F]

Explores the synthesis of ethylene glycol, explosives,
fragrances, and food additives through electrochemical
production. A major benefit of electrochemical synthe-
sis is that new processes often require less energy and
generate less waste while providing high selectivity.

Arasta, Michele. “Perspectives of Utilization of Carbon

Dioxide as a Building Block.” American Chemical
Society Preprint of Papers, Division of Environmental
Chamistry 34, no. 2 (August 1994): 316-318.
Presented at the 208th ACS National Mesting,

Washington, August 21-25, 1994. ([X:)]
Discusses the advantages of using carbon dioxide
as a source of carbon in the synthesis of chemicals.
Provides evaluation criteria, present and future uses
~of catbon dioxide, and new synthetic procedures.

. Arens, E. J. Drug Design. New York: Academic .
Press, 1980. [V] L
The toxicity associated with every aspect of drug:

design is discussed using several examples of pesticides

— a life cycle assessment of drug manufacturing, .

*Fine-tuning Polypropylens.”
43-48, (ILE] ‘

Describes “innovations in polyolefin catalysis” for,
. the production of commercial isotactic polypropylene.

Chemtech 23 (July 1993):

Examines the four generations of commercial polypropy-

 Jene catalysts, the fourth of which generation possesses
environmental benefits such as “full exploitation of the

solventless polymerization process.” Includes industriat

examples of catalyst support preparation.

Bao, Rong, W. Scott Dodson, Thomas C. Bruton,
and Yuzhuo Li. “New Applications of Photonduced
Redox Reactions on TiO2 in Organic Synthesis.” '
American Chemical Society Preprint of Papers,
Division of Environmental Chemistry 34,n0.2
(August 1994): 411-415. Presented at the 208th

" ACS National Meeting, Washington, August 21-25,

1994, [ILE]

" Describes a simple new method for photoinduced

transformations of organic compounds using particulate’
semiconductors as catalysts, specifically reductions

of nitro compounds to hydroxylamines and azido.
compounds to amines.

 Baumel, Inwin P. “Design of Safer Chemicals—

An EPA Goal." Drug Metabolism Reviews 15, no. 3
(1984): 41 5-424, {HI] - '

Explains in detail what structure-activity relationships
are aind how their evaluation is relevant to the reduction
of environmental burdens in chemical manufacturing.
Presents reviews of some EPA-funded projects that
focus on structure-activity relationships.

Bell, A. T., L. E. Manzer, N. Y. Chen, V. W. Weekman,
L. L. Hegedus, and C. J. Pereira. “Protecting the
Environment Through Catalysis.” Chemical Engineer-
ing Progress 91 (February 1995): 26-34. [ILE]
Provides examples of novel catalytic technologies -
designed to produce chemicals and fuels that are less
harmful to the environment. This article addresses safer

» products, toxic materials management, waste minimiza-
- tion, fuel reformulation, and air pollutant control.

Bertini, lvano, and Ctaudio Luchinat. “Biodegradation,
Enzymes and Mechanisms.” American Chermical .
Society Preprint of Papers, Division of Environmental -

Chemistry 34, no. 2 (August 1994): 352-354.

: o " Presented at the 208th ACS National Meeting,
Arzoumanidis, Gregoty, and Nicholas M. Karayannis.

“Washington, August 21-25, 1994. [i.D]
Discusses the implications of enzymatic mechanisms for

" the development of environmentally benign chemical

syntheses. Focuses on aerobic degradation, specificaily-

enzymes with monooxygenase and dioxygenase activity.

Bodor, Nicholas. “Design of Biclogically Sater Chemi-
cals Based on Retrometabalic Concepts.” In Design-
ing Safer Chemicals, edited by Roger L. Garrett and
Stephen C. DeVito. Wagshington:
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" Bodof. Nicnolas. “Soft Drugs: Principtes and

. Research Reviews 4, no. 4.(1984):

- Describes a new reaction for producing two v
- intermediates in the production of rubber antioxidants:

Methods for the Design of Safe Drugs.” Medicinal .-

- 449469, (1]
‘Discusses processes that optimize structure-activity
and structure-metabolism relationships and presents
case studies and background information on the evolu-.

" tion of “soft” drugs.

Boethling, Robert S. “Designing Biodegradable .
Chemicals.” In Designing Safer Chemicals, edited

by Roger L..Garrett and Stephen C. DeVito.

Washington:  American Chemical Society, scheduled

to be published in fall 1995. For informationon
publication date, call the ACS at (202) 872:4564. [V]

- Bolzacchini,-Ezio, Anna Maria Brambilla, - E

Matco Oriandi, and Bruno Rindone. “The

. fBis(Salyc’ilidéneimino)Ethylenecqbalt(lI)-Catalyzeﬁ )
_ 'Side Chain Oxidation of Lignin Model Compounds
'With Dioxygen.” American Chemical Society Preprint

of Papers; Division of Environmental Chemistry 34,

" no.?2 (August 1994): 355-358. Presented at the

208th ACS National Meeting, Washington, August -
21-25, 1994. [ILF] o

Discusses the problems of current pulp and paper

- chiorine bleaching processes and describes an alterna-

tive bieaching process that uses a metal-centered system
and dioxygen. The'by-products of this alternativer
process are examined with a lignin model. = -

" Borman; Stu. “Aromatic Amine Route Is Environ-

mentally Safer.” Chemical & Engineering News 70, .
no. 48-(30 Novembelj"j‘.QSZ): 26~27. [W.F}

4-hitrodiphenylamine and 4-nitrosodiphenylamiine.
This new reaction generates less halogenated waste: '

. Bradley, David. “Solvents jéet the Btg Squéie;‘ v
New Scientist 143 (6 Ap'gqst(1994):' 32—35 [n.B}

A'report on advances in green chemistry achieved:

. through the use of supercritical fluids (SCFs). Dis- -

cusses the properties, applications,.and environmental

 benefits of SCFs, particularly water, carbon dioxide,
and xenon; . Examines the work that J. DeSimone'and
M. Poliakoff have done with supercritical CO,, Provides

ani easy-to-understand history and explanationof - -

" supercritical fluids.’

" " Modeling in the Curriculum.” Joumnal of Chemical

. Buch, Robert R, and Takashi Kashiwagi. “Silicones
_and Silicone Additives for improved Fire Performance.” .

- American.Chemical Scciety Preprint of Papers,

" Division.of Environmental Chemistry 34,n0.2 .
(August 1994): 277-279.. Presented at the 208th -

. ACS National Meeting, Washington, August 21-25,

1994, WF - 4 S

Ekammes’th‘e'prob'lems of halogen-based fire retardant

" .agents currently used in the plastics industry: Provides

a listing of alternative fire retardants and discusses the
benefits of silicone additives.- - R

Carey, Francis A., and Andrew F. Carey. ~“Environ-
mentally Benign Synthesis in the Introductory Organic

. Chemistry Lecture.Course.” American Chemical
Society Preprint of Papers, ‘Division of Environmental -
Chemistry 34, no. 2 (August 1994): 180. Presented

 at the 208th ACS National Meeting, Washington,
August 21-25, 1994. [i] ' EE
Addresses the shortcomings of traditionat introductory
organic chemistry courses in relatiori to environmental.
concerns. Points out that real-wiorld issues involving
economics and ethics in synthetic design may have a

- place in these courses. . o

" Casanova, Joseph. “Compﬁter-Based Molecular |

Education 70, no. 11 (Navember 1993): 904-909.

[y

" Provides a historical background of computer-based
‘molecular modeling in structural chemistryand

. examples of computational exercises for an organic
chemistry course. Describes the “ea y stages of

" routine use of theory to predict siricture and chemical

behavior for classroom use fre i computer-based
methods” - - - i o
Cavanaugh, Margaret A. “NSF's Environmental

" Rasearch in the Chemical Sciences: Environmen- -

" - tally Benign Synthesis and Processing Program.”.

* American Chermical Society Preprint of Papers,

' Division of Environmental Chemistry 34,n0.2 .. .
(August 1994): 224. Presented at the 208th ACS |
‘National Meeting, Washington, August 21-25, 1984.
Provides a quick review of various research programs’
 funded by the National Science Foundation that target

the reduction of toxic chemicals. T
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Appro
. ' Metabolism Reviews 15, nos. 5 & 6 (1984). 997-
1009, V1 . ‘

" pointing out the en

Chapman, Orville L. “The University of California-
Los Angeles Styrene Process.” In Benign by Design:
Altemative Synthetic Design for Pollution Prevention,
edited by Paul Anastas and Carol Farris, 114-120.
Washington: American Chemical Society, 1994, [IL.F]

Describes the UCLA-styrene process: replacing benzene
with mixed xylenes. The author states that this process
is more efficient and economical than an existing sty-

tene process threatened by a possible ban on benzene.

Chynoweth, Emma.. “Shaping Environmental Solu- |
tions With Q|ay-Based Catalysts.” Chemical Week
148 (26 June 1991): 57-58. [ILE]

Discusses replacement of Eriedel-Crafts catalysts with
Jess toxic clay-based catalysts. Pros and cons of clay

" catalysts as well as zeolites are examined along with

industrial acceptance of the new catalysts.

Clarke, Eric A. “Evaluation of the Molacular Design
“h in the Development of New Dyes.™ Drug -

Discusses the use of molecular design principles i

the design of safer synthetic dyes, specifically azo dyes -
due to their toxic synthesis. Calls for the less toxic
compounds, risk reduction activities, and recognitiont

of the limitations associated with the molecular design" .

approach when developing alternative substances.

* Gleric, M. G, G Belluséi, and U. Romano, *Syrithasis

of Propylene Oxide From Propylene and Hydrogen

- Peroxide Catalyzed by Titanium Siicaiite.* Journal

of Catalysis 129 (1991): 159-167. (ILEF . (
This paper examines the catalytic of tita-
nium silcalite (TS-1) in several organic and inorganie.
solvents. The datas be useful in optimizing TS-1-
based reactions. Includesa sketch of the experimental
apparatus used in the epoxidation of propylene.

Clarie, Mario G., Patrizia Ingallina, and Luigi Rossi..

«Glean Oxidation Technologies: New Prospects in
the Epoxidation of Olefins.” American Chemicat
Society Preprint of Papers, Division of Environmental
Chemistry 34, no. 2 (August 1994); 325-327..
Presmied at the 208th ACS Nationat Meeting,
Washington, August 21-25, 1984. fILE}
Provides a brief review of current epoxidation processes,
jronmental benefits of hydrogen
peroxide. Also discusses new catalysts for epoxidations
and describes the behavior of a titanium silcalite catalyst.

" Combes, J. R., Zhibin Guan, and John M. DeSimone.

“Homogenous Free-Radical Polymerizations in Carbon
Dioxide: Telomerizations of 1,1-Difluoroethylene in

. - Supercritical Carbon Dioxide.” Macrormolecules 27

(1994): 865-867. ey .
This paper explains the use of supercritical carbon
dioxide as a replacement for CFC-based solvents in the

homogenous free-radical polymerizations of fluorimated
acrylic and styrenic monomers. ‘

Czekaj. C. L., K. A. High, G. H. Laule, and L. L.

_Phegley. “Waste Minimization and Elimination in

Industrial Process Chermistry: The Case of Suifolane.”

 American Chemical Society Preprint of Papers,

Division of Environmental Chemistry 34, no. 2
(August 1994): 232-233. Presented at the 208th
AGS National Meeting, Washington, August 21-25,
1994. [II.F] ‘ s

Introduces the benefits of sulfolane but alsc addresses
the waste generation problems associated with its
production. Discusses currerit research to understand
reactions which occur during the hydrogenation step,
creating liquid and solid by-products. -

Dambach, Barry F. “Trané!atih‘g industrial Ecology
into Design for Environment (DfE)." American
Chemical Society Preprint of Papers, Division of

| Environmental Chemistry 34, no. 2 (August 1994):
~ 239-242. Presented at the 208th ACS National
‘Meeting, Washington, August 21-25, 1994. (V)

. Provides a good background on the concepts of design

for the environment and industrial ecology. Presents -
applications of these concepts within AT&T.

Dartt, Christopher 8., and Mark E. Davis. “Catalysis

for Environmentally Benign Pro_cessing." Incustrial &

Erigineering Chemistry Research 33, no. 12 (1994).
2887-2899. [IL.E] ﬁ . ;

" Presents a short overview of the “types of catalytic

processes that have shown progress in creating clean

“technology.” Discusses solid acid/base catalysis, clean

oxidation catalysis, catalysis in watez, and asymmetric -
catalysis. Makes suggestions for future clean processing.
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" . American Chemical Society Preprint of Papers, - -

Oell. K. A.. and J. W. Frost. “Identification and
_Remioval of Impediments t0 Biocatalytic Synthesis of
- Aromatics from D-Glucose:. Rate-Limiting Enzymes .
in the Common Pathway of Amino Acid Biosynthesis.” |

Journal of the American Chemicai Society 11 §5(1993):

11581-11589. [I1.C] - |
" One challenge confronting microbial aromatic amino

 acid biosynthesis from D-glucose is the rate-limiting

" effects of common pathway enzymes. In this paper,

" ‘the authors'identify several rate-limiting enzymes and
describe techniques that can be used for their removal.

' DePompei, M. F. “Non-Isocyanate Sealants.”

Division of Environmental Chemistry34,n0.2°. ..
-(August 1994): 393-394. Presented atthe 208th -
/. ACS National Meeting, Washington, ‘August 21-25,

. 1994. [ILA} - e Lo
Provides a brief introduction to the chemistry of
| acdtoacetate based sealant-adhesives developed by
T d

coInc. Includes a review of environmental
prpblenis associated with isocyanate sealants.
' DeSimone, J. M.; E. E. Maury, Z Guan, J. R. Combes,

Y. Z. Mencelogiu, M. R. Clark, J. B. McClain, T. J.
Romack, and C. D. Mistele. “Homogeneous and
Heterogeneous
. Responsible Carbon Dioxide.” American Chemical
- Society Preprint of Papers, Division of Environmental
Chemistry 34, no. 2 (August 1994): 212-214. )
Presented at the 208th ACS National Meeting,
Washington, August 21-25, 1984. (LB} = -
Discusses the preparation of fluoropolymers in supet-
critical fluids as opposed-to CFCs. Pravides abrief .-
¢ .' overview of homogeneous and heterogeneous free "'
. radical polymerization studies with supercritical COz: -

* ‘DeSimone, John M., Zhibin Guan, and C.S. Eisbemd.

_ "Synthesis of Fluoropolymers in Supercritical Carbon

" Dioxide.” Science257 (Aug- 14, 1992): 945-947. LB}
This paper explains the use of supercritical carbon

" dioxide as a replacement for CFC-based solvents in
the homogenous free-radical polymerizations of

* fluorimated acrylic and styrenic monomers: .’

. \Washington:: American Chemical Society,
. to be published in fall 1995. For information, call the
_ACS at (202) 872:4564. M

- ACS at (202) 872-4564. [ILF} -
Polymerization In Environmentally : :

" pathway of Aromatic Bio

" use the high

DeVito, Stephen C. “Designing Safer Nitriles:™ In
Designing Safer Chemicals, edited by Roger Garrett
and Stephen DeVito. ‘Washington: American Chem-
ical Society, scheduled to be published in fall 1 995.
For information, call ACS at (202) 872-4564. [H.F}

DeVito, Stephen C. *General Principles for the

Design of Safer Chemicals: Toxicological Consider- -
ations for Chemists.” In Designing Safer. Chemicals, -
_editéd by Roger Garrett and- Stephen DeVito: '

schedtled

DeVito, Stephen C. “Using Structure-Activity

" _Relationships for the Design of Safer Chemicals.”

In Designing Safer Chemicals, edited by Roger
‘Garrett and Stephen DeVito. Washington: American
Chemical Society, scheduled to be published in ’

(202) 872-4564. [N} ;

“fall 1995. For information, call the ACS at

DiCarlo, Frederic J. "Designing Safer Carboxylic "
Acid.” In Designing Safer Chemicals, edited by -
‘Roger Garrett and Stephen DeVo. Washington:
American Chemical Society, scheduled to be '
published in fail 1995. For information, call the -

Donchue, Marc D., and Jennifer L. Geiger. .- -
- “Reduction of VOC Emission During Spray Painting.
Operations: A New Process Using Supercritical Car-

- bon Dioxide.” American Chemical Society Preprint - '
of Papers, Division of Environmental Chemistry 34,

no. 2 (August 1984): 218-219. Presented at the:
208th ACS National Meeting, Washington, August.
21-25,1994. (B} .- -~ -

" Describes the replacement of

organic solvents in paint

. formulations with supercritical CO, Although spray - .~
- atomization viscosity is reduced, the authors n_ote‘that :

existing limitations merit further investigation.. .

Draths, K. M., and J. W. Frost. *Conversion. of
_D-Glucose into Catechol: The Not-So-Common
, , is.” Joumal of the .
American Chemml Society 113 (1991): 9361-9363.
-[HC}: . N e

- Describes a biocatalytic route to catechol that does not -

temperatures, caustic ‘solutions, metals,

7"‘_.' .and peroxides typically employed in catechol synthesis. B

%
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Draths, K. M., and J. W. Frost. sSynthesis Using
plasmid-Based Biccatalysis: Ptasmid Assembly and
&Deoxy-D—arabino-heptulosonate Production.”
Joumal of the American Chemical Society 112
(1990): 1657-1659. [I1.D]

. The authors report their success in localizing the genes E

encoding transketolase and DAHP synthase to a single
plasmud; the result is an E. oli. strain that synthesizes
substantially elevated levels of DAH and DAHP. Their
new single-step plasmid-based biocatalysis has advan-
tages over traditional multistep enzymatic synthesis
and may have implications for biosynthetic routes that
use D-glucose.. .

Draths, Karen M., and John W. Frost. “Environ-
mentally Compatible Synthesis of Adipic-Acid from
D-Glucose.” Journal of the American Chemical
Society 116 (1994): 389-400. [1.C]

Describes a novel biosynthetic pathway that catalytically.
conveqﬁi D-glucose into adipic acid. Ozone-depleting
gases apd greenhouse gases are not generated, and
only rmd_ temperatures and pressures are needed.

Draths, Karen M., and John W. Frost. “Microbial Bio-
. catalysis: Synthesis ot Adipic Acid from D-Glucose.” -
" In Benign by Design: Altarnative Synthetic Design

for Poliution Prevention, edited by Paul T. Anastas
and Carol A. Faris, 32—-45. Washington: American
Chernical Society, 1994. [I1.C] :

" Describes in detail the authors’ research in developing
2 two-sfep synthesis of adipic acid from the biccatalysis

of D-glucose. Froma pollution-preverition standpoint, -

, thereactionis attractive, because benzene isnot required.

However, economics may be a barrier to the reaction’s:

“industrial acceptance.

. Draths, K. M., D.L Pomptianc, D.L Conley, J. W. Frost,

' A.Bemy, G. L. Disbrow, R. J. Staversky, and J. C.
Lisvense. "B of Aromatics from:
. D-Glucose: The Role of Transketolase.” Journal of

the American Chamical Sociaty 114 (1992): 3956-
3g82. (IC} . ) -

The percentage of D-glucose that microbes such as

E. coli. convert into aromatics is limited by catalytic

activity of pathway enzymes such as DAHP and

transketolase. The authors describe how to inducea

two-fold increase in the conversion of D-glucose by

amplifying catalytic levels of transketolase.

" Draths, K. M., T. L. Ward, and J. W. Frost. “Bioca-

talysis and Nineteenth-Century Organic Chemistry:

Conversion of D-Glucose Into Quinoid Organics.”
Journal of the American Chemical Society 114
(1992): 9275-9276. m.cl

Quinoid organics such as quinic acid, benzoquinone, - -
and hydroquinone can now be derived from D-glucose,
a non-toxic feedstock derivable from fenewable
resources such as cornstarch and biomass.

Drexler, Eric K. “Molecular Manufacturing: A
Sustainable Basis for Global Weaith.” Leaders

. (October/Nove_mber/December 1993): 98-99. \J)
" Molecular manufacturing (also known as nanotechno- .

logy) may provide new avenues for reducing the envi-
ronmental burdens of chemical syntheses and greatly

~* improve the efficiency of existing alternative energy
© sources (such as solar energy). This.paper is a brief

overview of the history, potential, and current develop- .
ments in the field of molecular manufacturing. ’

Dwyer, F., P. Lawis, and F. Schneider. “Efficiert,
Non-Polluting Ethyibenzene Process.” Chemical ,
Engineering €3 (5 January 1976): 90-01. (L] S~

 Describes the alkylation of benzene with ethylene to A e
. make ethylbenzene usinga newly developed, solid,

non-_Ftiedel-Craﬁs catalyst. The process has the advan-
tages of more efficient énergy usage, simpler design,

lower cost, and reduced envi;onmemtqnl burden.

. Emslay, thn; «A Claarier Way to Make Nylon.”

New Scientist 141.(12 March 1994): 45, .C]

Describes the work of Frostand Draths on the synthesis:
of adipic acid from D-glucose and its implications for

_nylon production. Compared to synthesis from ben-
' zene, adipic acid production via biocatalytic pathways
_ requires less fossil fuel and generates less nitrous oxide.

‘Epling, Gary A., and Qingxi Wang. “Preparative !
Reactions Using Visible Light: High Yields From

P ical Transtormation,” In Benign’
by Design: -Altemative Synthetic Design for Poliution

' Prevention, edited by Paul T. Anastas and Carol A.
Farris, 65~75. Washington: American Chemical
Society, 1994. [IL.E] o : L
Discusses how dye catalysts and photocatalysts can be
used in synthetic transformations to avoid heavy metal
poliution from toxic metal oxidants. These types of
"catalyses often lead to reductions in cost, toxicity, and

quanitity of reactants.
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Farris, Carol A., Harold E. Podall and PaulT ‘
Anastas. “Alternative Syntheses and Other Source”

" "Reduction Opportunities for Premanufacture Notmca-“

tion Substances at the U.S. Environmental Protectxon

‘Agency.” In Benign by Design: Alternative Synthetlc ‘

Design for Pollution Prevention, edited by PaulT. -
.. Anastas'and Carol A. Farris, 157-165. Washington:
-~ American Chemical Society, 1994. {lV] -

This paper describes EPA’S assessment methodology

- for new chemical substances .using Premanufacture . .
Notifications. Methodology includes evaluation of
feedstocks, solvents, by- products, and impurities to

ldenhfy opportunities to reduce or elmunate potennal

waste streams

' F:ksel Joseph “Pnnc:ples of Industrial Ecology
and Design for Environment.” American Chemical -
~ Society Preprint of Papers, Division of Environmental
. ‘Chemistry 34, no. 2 (August’ 1994): 243-246. :
. Presented at the 208th ACS Natnonal Meeting,
Washmgton, August 21-25, 1994. [V]

Relates the concepts of IE and DfE more closely to

( chemxstry and the activities of chernists. Describes DfE
' practices and environmental metrics, an mpomt tool
- for eatablxshmg DfE infrastructure: .

* Flam, Faye., “EPA Campaagns for Safer Chemlcals. ‘
Science 265 (9 September 1 994): 1518, [ivi
Discusses the EPA’s “DwgmngSafer Chetmcals pro-
gram, which promotes research on chemical toxicity

to aid the redesign of compounds to ‘decrease environ-
. mental burden. Techniques used in drug design are:
described as feasible approaches to novel design of

. chemical substitutes. This article emphasizes the nee& i
for chermsts to u,ndershnd toxxcology and synthws. ‘

) Flam Faye “LasocChemisuy' TheLight Choice
Science 266 (14 October 1994): 215-217. [LF]

Dspxte past frustrations in laser-controlled chemistry, ;

" the lure of mcreasedefﬁamcy and decreased waste
has led to continued research in this arez. This arhde
examines the principle of laser-controlled reactions

_ and describes advancesi in thxs md\mque usmg sm\ple .
' - molecule, such as HOD

Frost Johnw and Jeff Lsevense “’Prospects for on-

" ; catalytic Synthesis of Aromatics in the 21st Century
. New Joumal of Chemistry 18 (1994): 341—348 {H C]

Biocatalytic syntheses of indigo and qumoxd organics
from D-glucose are discussed in relation to currently -
‘employed industrial chemical routes. Background in-

' ‘formation on biocatalysis is presented as well as a con-
" “cise discussion of the cost-effechvenas of biosynthesis.

Frost JohnW and Karen M. Draths “DHS A New-

* Intermediate for Oxychemical Synthesis.” American.
* Chermnical Society Preprint of Papers, Division of ’
. Environmental Chemistry 34, no. 2 (August 1994)

r225—226 Presented at the 208th ACS National
~ Meeting, Washmgton, August 21-25, 1994 1.0y

Provides an introduction to résearch into new routes to'.
 various aromatic oxychemicals that involves the con-
version- of glucose to 3—dehydrosh1k1mate "Discusses -
the smgle-step bxocatalyhc converswn route to catechol.”

Frost, John 'Green Chemlstry at Work: Products
Can Be Made From.Glucose Instead of Benzene.”

" EPA Journal 20, no. 3-(Fall 1994): 22-23. [II.C]

Provides a short but thorough introduction to the
problems of using benzene in chemical produchon O
. Describes new technology that employs biocatalysis as’

a method for green chemical manufacturing. Focuses -
-on using ‘glucose as a starting material in the synthesis . .
-of producu tradmomlly derived from benzene.

Gargulak. &, and W. Gladfelter. "Homogenaous

Catalytic Carbonylation of Nitroaromatics.” Joumal -~ h

- of the American Chamml SOciety 1 1 6 (1 994)
'8933-8495. [ILA}: - - =

- Another alternative rouﬁe to isocyanam is thg atalytu: o
carbonylahon of nitroaromatic compounds. This paper- -
is a thorough investigation into the kinetics and reaction -
_mechanism of one parueu]ar Rhuthenium-based catalyst.
Using this information, isocyanate syntheses can be op-
timized. A detailed comparison of traditional polym'e-
thane syntheses using phosgene and this procedure is
forthcoming by the authors and shan be based in part

. on tl'ns mformahon. . '

Garrett, Roger L. 'Desngnmg Safer Chemxcals A

" New Approach to Pollution Prevention.” In Designing e

** Safer Chermicals, éedited by Roger L. Garrett and -
Stephen C. DeVito. Washington: American Chemi-
cal Society, scheduled to be published in tail 1995.
For mformahon, call the ACS at (202) 872-4564 [V]
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Garrett. Reger L., and Stephen C. DeVito, eds.

. Desigming Safer Chemicals. Washington: American

Chemical Society, scheduled to be published in fall
1995. For information on publication date, call the
ACS at (202) 872-4564. [V]

This bock is based on research done in the field of
novel chemical design, presented before the Division
of Environmental Chemistry at the American Chemical
Society’s nationad meeting in August, 1994. Contains
chapters on various aspects of designing benign chem-
icals based on toxicological principles.

~ vGassy Plastics.” Discover 16, no. 6 (June 1995):

- Sociaty Preprint of Papers,

80. [IL.B]

Brief, general overview of the function, history, and -
potential future of supercritical fluids in large-scale
chemical processes. .

Glasser, Wolfgang G. “Structural Materials From
Naturally Occurring Polymers.” American Chemical -
Division of Environmental’
Chamistry 34, no. 2 (August 1994): 410. Presented
at the 208th ACS National Meeting, Washington,
August 21-25, 1994. .01

Addresses the possibility of creating chemical
substances with modified biopolymers.

|

 Goller, Edwin J., and John H. Miller. 'Micioscale ‘

Qualitative Analysis.” Journal of Chemical Education
70, no. 6 (June 1993): A159-A160. [Ed. Tools}

Provides microscale procedures for threeclassification

_ stests: the nitrous acid test for amines, zine/ammonium
. chloride reduction, and hydriodic acid test/Zaisel's

. alkoxyl method. These procedures come froma under-~

graduate qualitative organic analysis course taught by
the authors at Virginia Military Institute. A description
of the course is provided.

Guan, Zhibin, and JohnM. DeSimone. “Fluorocarbon-

Based Hetarophase Polymeric Materials: Block Co-

polymer Surfactants for Carbon Dioxide Applications.”

* Macromoleculés 27 (1994): 5527-5532. [11.8}
. Describes the synthesis of block copolymer surfactants

: fehtiVe to traditionat anionic polymerization techniques.

designed specifically for use in super-critical and liquid

carbon dioxide. With these surfactants, fluorocarbon-.
basez polymers can be synthesized with greater ease

"Haggin, Joseph:

“Catalysis Critical to Benign
Chemical & Engineering News 72,

Haggiﬁ, Joséph.
Process Design.”

~ no.16 (18 April 1994): 22-25. [I1.E]

Discusses the goals of benign design involving selective
catalysis. Addresses problems of liquid acid catalysts .-
and the use of superbases. Presents improvements in.
oxidation catalysis. : ‘

Haggin, Joseph. “Catalysis Gains Widening Role iri
Environmental Protection.” Chemical & Engineering
News 72, no. 7 (14 February 1994): 22-30. [ILE]

Highlights U.S.-Russian Workshop on Environmental
Catalysis held January 1994 in Wilmington, Delaware
and the application of catalysis in benign chemnistry.
Catalytic research discussed includes the development
of combustion processes that eliminate nitrogen oxide’
emissions, the design of processes that reduce energy
and transportation requirements, and the mechanism of
selective catalytic reduction. The article notes the bene- .
fits of “just-in-time” production of hazardous materials
using catalytic reactions.. It also discusies the use of

_catalysts in pollution control activities, such as oil spill -

remediation and waste plastic recovery.

Haggin, Joseph. “Gatalytic Process Cuts Isobuteng
From C4 Streams.” Chemical & Engineering News'

. .71' no. 36 (6 September 1993): 31-32. [IL.E]

Describes a new process for selective separation of
isobutene from Cy4 streams using a catalytic reaction.
Lists advantages of this method over traditional prac-
tices and describes the results of the pilot test.

Haggin, Joseph. “Direct Process Converts Methane |
1o Acetic Acid.” ‘Chemical & Engineering News 72,
no. 16 (18 April 1994): 5. Wey. . . ,
Describes a new scheme for creating acetic acid using a
direct catalytic route. This article describes the reaction
and catalyst, naming methanol and formic acid as the
only significant by-products. .

“New Processes Target Meathanol
Production, Off-gas Cleaning.” Chemical & Engineer-
ing News 72, no. 13 (March 28, 1994): 29-31. TF]
Describes the economic, environmental, and engineer-
ing aspects of a process that converts carbon dioxide to .
methanol and 3 chemical processing innovation based
on un-steady state operation. i :
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" more efficient, economical, and environmentally friendly : v |
\ i ‘ s implications for medicinal chemicals. -

" butanediol process” that use maleic anhydride are

h Hendershpt; D’ennis‘c. “.Chemiﬁtiy‘-—Th,e Key to: '

" Hail, Nira. “Chémssts'c.e.an Ub\Syn)the_st',With,
One-Pct Reactons.” Science 266 (7 October 1994):

32-34. (ILF] .

. Discusses the progress and benefits of cascade phen{istry

—designing waterfall reactions that reduce energy re- -
quiremnents and by-producfs. Examines the implications:
of cascade chemistry for development of biologically

" active'compotinds. Also provides a cascade recipe for -

creating a four-ringed compound.

Hancock, Kenneth G., and Margaret A. Cavanaugh.
“Envirénmentally Benign Chemical Synthesis and Pro-
cessing for the Environment.” In Benign by Design:
Alternative Synthetic Design for Poilution Prevention,

- edited by Paul T. Anastas and Carol A. Farris, 23-30.
' Washington: American Chemical Society, 1994. (vl
* Discussion of National Science Foundation’s partner- .

ships with-the Council for Chemical Research and the

" . Environmental Protection Agency to fund research.in

environmental chemistry. Emphasizes the importance
of research and education for chemists so that the -
scientific and technical challenges posed by environ-

. mental protection canbe met. © - .

Hansch, Corwin. “The QSAR Paradigm inthe

- Design of Less Toxic Molecules.” Drug Metabolism

Reviews 15.no. 7 (1 SBHS): 1279-1294. (i},

 Discusses the importance and history of quantitative

structure-activity relationships (QSAR) in the design -

- of léss toxic and selectively toxic chemicals. Provides -
__examples of QSAR applications in drug development

-and environmental science.

Harris, N‘.'.v‘M; W. Tuck, and Davy McKee. “Butanediol
ia Maleic Anhydride.” Hydrocarbon Processing €8

' no. 5 (May 1990): 79-82. [ILF]

‘Describes a new butanediol process. The methcd is

because its feedstocks are widely available and less. .
hazarddus. The three basic steps of the “Davy McKee

explained ini detail, and the economic advantages that
will expand product usage are described. Co

" Inherently Safer Manufacturing Processes.” Americarny
Chermical Society Preprint of Papers, Divisiont of
Environmental Chemistry 34, no. 2 (August 1994):
273-275. Presented at the 208th ACS Nationab

.- Meeting, Washington, August 21-25; 1994. [ILF] -

* Defines chernical process and design safety stfateges
_for manufacturing, emphasizing the importance of

chemistry in the development of safer processes. Pro-
vides examples of inherently safer options. - ‘

Hendrickson, James B. “The SYNGEN Program for
Teaching Altemative Syntheses.” American Chemical
Society Preprint of Papers, Division of Environrental
Chemistry-34, no. 2 (August 1994): 183-185.
- Presented-at the 208th ACS National Meeting,
Washington, August 21-25, 1994. [il]] L

Discusses the basic concepts and protocol of SYNGEN,
a synthesis design program, that facilitates the genera-
tion of rrioreﬂex)vironmentally benign syntheses.

:Hirschhom, Joel S. “Enabling Global.Imptementation
of Industrial Pollution Prevention.”. American Chemi-
cal Society Preprint of Papers, Division of Environ- ;
mental Chemistry 34, no. 2 (August.1994): 266-267.
Presented at the 208th ACS National Meeting, -
Washington, August 21-25, 1994. [V] -~ :
Provides a brief introduction to the author’s paper on
" sustainable production through changes in industrial

practices. Mentions a'Critical Ratios Methodology.
developed by the author for benchmarking pollution

- prevention progress at the facility level and describes - -

. a database of clean technology sources.

-

Hudlicky, Tomas. “Biocatalytic Conversion of '
Halogenated Aromatic Compounds to Carbohydrates
and Other Chiral Synthons.” American Chemical
Society Preprint of Papers, Division of Envitonmental
Chemistry 34, no. 2 (August 1994): 227. Presented
at the 208th ACS National Meeting, Washington,
: August 21-25, 19984. [Il.D] .
Provides a reaction scheme for.the conversion of o
_aromatic and halogenated aromatic compoundsinto ~ -
_cyclohexadiene through soil bacterium. Discusses = .

- Huheey, James E. “Incorporating Environmentai

Issues Inta the Inorganic Chemistry Curriculum.” -
American Chemical Society Preprint of Papers,
Division of Environmaental Chemistry 34, no. 2

_ " (August 1994): 181. Presented at the 208th ACS

National Meeting, Washington, August 21-25, 1984. (i} -

" Pravides an introduction to Huheey’s presentationon. -
- current inorganic chemistry courses and the integration .
. of environmiental problems in textbooks and coursework.
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Wran. Ceccran L. “Green Technclogy Presents
Chatlenge to Chemists.” Cremical & Engineering
News 71, no. 36 (6 September 1993): 26-30. [V]

. Discusses topics addressed at the symposium on alter- '

native synthetic design for pollution prevention held
during the 1993 national meeting of the American
Cherrucal Society in Chucago. The article emphasizes
the role of the synthetic chemist in environmental
protection. The author illustrates this role with success
stories in current research, including the use of visible
light to drive chemical transformations, advances in
biotechnology, replacement of toxic solvents with
‘supercritical fluids, and computer software tools to
« provide theoretical alternative synthetic parhways to
target molecules. '

lliman, Deborah L. «Environmentally Benign
Chemistry Aims for Processes That Don't Poliute.”

Chemical & Engineering News 72, no. 36
(5 September 1994): 22-27. (V]

Reviews research presented at the American Chemical

Society’s national meeting in Washington D.C., which

focused on Design for the Environment. Discussion
ranges from biocatalysis to the development of an
 alternative synthetic route to aliphatic isocyanates

* that does riot use phosgene.

Jacobson, Andrew, and Gary L. Willingham. “De-
signing an Environmentally Safe Marine Antifoulant.”
In Designing Safer Chemicals, editad by Roger L.
Garrett and Stephen C. DeVito. Washington:.
American Chemical Society, scheduled to be pub-
lished in fall 1995. For information, call the ACSat.

- (202) 872-4564. [ILE] ’ o

~ Johnson, Roy, and Barry Sharﬁles_s. “Catalytic -
. Asymmetric Epoxidation of Altylic Alcohols.” In

Catalytic Asymmetric Syntheses, edited by 1. Oiima.f
New York: VCH Inc., 1993. [ILE} -

The use of trace amounts (as opposed to stoichiometric
 amounts) of titanium-tartrate complex catalysts is
~ possible when activated molecular sieves areadded

_ to asymmetric epoxidation processes.. The advantages
‘ate relativély milder conditions, easier isolations,
" increased yields, and the potential for in-situ product
" derivations. : : : )

Johnston, K. P. «gater Solutions for Chemists.”

' Nature 368 (17 March 1994); 187-188. [I1.B]

_ Discusses the properties of supercritical fluids as

solvents, particularly carbon dioxide and water. Gives

" examples of organometallic reactions performed in

these solvents.

Jones, Jetfrey P. “Predicting Rates of Cytochrorne
P450 Mediated Bioactivation, and its Application to
the Design of Safe Chemicals.” In Designing Safer
Chemicals, edited by Roger L. Garrett and Stephen .
C. DaVito. Washington: “American Chemical Society,
scheduled to be published in fall 1995. For infor-
mation, call the ACS at (202) 872-4564. (L.E}

" 'Keoleian, Gregory A., and Jonathan W. ‘Bulkley.
“|ncorporating’ Pollution Prevention into the Chemistry-

Curriculum: New Challenges and Opporturities.”
American Chemical Society Preprint of Papers, Divi-

sion of Environmental Chemistry 34, no. 2 (August

1994): 186. Presented at the 208th ACS National
Meeting, Washington, August_21-25, 1094, [I] -

Descrives the plans for the development and dissemi-
nation of a chemistry pollution yprevenlion curriculum.

. Komiya, Kyosuke, Mur@aki Aminaka, Kazumi

Hasegawa, Hiroshi Hachiya, Hiroshige Okamoto,

Shinsuke Fukuoka, Haruyuki Yoneda, isaburo Fukawa,
‘and Tetsuro Dozono. “New Procass for Producing
* Polycarbonate Without Phosgene and Methylene

Chioride.® American Chemical Saciaty Preprint of

- Papers, Division of Environmental Chemistry 34,

no. 2 (August 1984): 343-346. Pregented at the
208th ACS National Maeting, Washington, August
21-25, 1994, [ILA] L '
Describes Asahi Chemical Industry Co., Ltd.’s altemna-
tive non-phosgene processes to produce isocyanates -
and polycarbonates, based on “solid-state polymeri-

zation of amorphous polymers.” Notes an innovative

process for the production of diphenyl carbonate;,
important for polycarbonate production, which uses
dimethyl carbonate without phosgene. '
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Kraus, George A., Masayuki Kirihara, and Yusheng
Wu. “A Photochemical Alterative to the Friedel-.
Crafts Reaction.™ In Benign by Design: Altemative
Synthetic Design for Pollution Prevention, edited by
'Paul T. Anastas and Carol A. Farris, 76-83. Wash-
"ington: .American Chemical Society, 1994. [IL.F]
* This paper describes the development of an alternative
" to the Friedel-Crafts reaction that creates no unwanted
. by-products. The alternative reaction involves the
" - photochemically mediated reaction of an aldehyde
“with a quinone. i
reagent, several environmental benefits are attainable.

Lee, G. J., J. M. Garces, and J. J. Maj. “Applicatios.

of Shape Selective 3-DDM Zeolite Catalysts.” Ameri- '
" can Chemical Society Preprint of Papers, Division of

Environmental Chemistry 34, no. 2 (August 1994):

- 234-235. Presented at the 208th ACS National

Meeting, Washington, August 21-25, 1994. (ILE}
‘Briefly discusses the production, function, and appli--
catign of 3-DDM zeolites as novel catalysts in cumene .
. production. Notes that acidic waste disposal and

" corrbsive material handling are eliminated as a result '

of 3-DDM zeqlitéz catalyst use.

Lim. P. K. “Environmentally Benign Oil-Water Inter-

facial Synthesis.” American Chemical Society Pre- .

" print of Papers, Division of Environmental Chemistry.

" 34, no. 2 (August 1994): 238. Presented at the
208th ACS National Meeting, Washington, August
- 21-25,1994.- (18] T

. Abrief-description of a new techmque thatehmmam

the need for toxic solvents through thie use of an in-

- nocuous oil-water mixture in conjunction with a sur- - -

- face-active catalyst complex.

" Manzer, Leo E." “Chemistry and Catalysis: Key1o .
Environmentally Safer Processes.” In Benign by
" Design: Alternative Synthetic Design for Pollution
Pravention, edited by Paul T. Anastas and Carol A.

Farris, 144—154. Washington: American Chemical .

" Society, 1994. [LE} - . -

_Provides examples of high-yield, low-waste processes,

" waste minimization, asymmetric catflysis, and envi-
ronmentally safer products from DuPont R&D: -Cails
for more cooperative information transfer between -
industry and universities.’ o o

The authors claim that, with lightasa . -

‘Marofta, Stephen P., and RiCha‘gd: D. Sheardy.
“Mg2+/K+ Induced Self-Assembly of G-Rich DNA
‘Oligomers Into High Molecular Weight Species.’ ‘

: American Chemical Society Preprint of Papers, .
_Division of Environmental Chemistry 34,n0.2 .

(August 1994): 408-409. Presented at the 208th
ACS National Meeting, Washington, August 21-25,
1984, (D) : L

he authors repbrt their success in dévelopmg
DNA-based catalytic systems. ' ‘

Maxwell, I. E., and J. E: Naber. “New and Improved,
Catalytic Processes for Clean Fuels.”, Catalysis

Letters 12 (1992): 105-116. [ILE]

Discusses the role of catalysis in modifying exnstmg )

- processes and developing new routes to less toxic fuels., -
* Specifically, this article covers new routes to methyl

tertiary butyl ether (MTBE), paraffin isomerization

" with zeolite-based catalysts in the syrithesis of énviron-

mentally acceptable gas components, and naturakgas
conversion based on the catalytic oxidative coupling -

_of methane.

McGhee, W., Pan Yi, and . Riley. *Highly Selective’
- Generation of Urethanes from Amines, Carbon
‘Dioxide, and Alkyl Chiorides.” Joumal of the Chem-

ical Society-London, Chemical Communications
(1994) 698-700. [ILA] S
The authors can produce polyurethanes in excellent
yields and mild conditions with virtually 100% selec-

" Hvity by reacting carbon dioxide and alkyl chlorides -

with amines in the presence of sterically hindered, .
powerful organic bases. The authors” novel synthesis is-
a viable alternative to traditional polyurethane syntheses

_.ﬂ\atréqnireth'euseciphosge_ne.‘— o

" McGhee, Wiliam D., Mark Pater, Dennis Riley, Ken

Ruettimann, John Solodar, and Thomas Waldman.
“Generation of Organic isocyanates From-Amines, .

~ Carbon Dioxide and Electrophilic Dehydrating Agents: -

Use of o-Sulfobenzoic Acid Anhydride.” American.

. Chemical Society Preprint of Papers, Division of ..
. Environmental Chemistry 34, no. 2 (August 1994y
. 206-210. Presented at the 208th ACS National
- Meeting, Washington, August 21-25, 1994. [ILA]
- .- Describes the problems expérienced with some .

dehydrating agents in the generation of isocyanates.
B;senbdxetesﬁltsofanisocyamtgsynﬂ;ﬁsusing, L
- o-sulfobenzoic acid and examines a reasonable method i

for the recycle of the major by-product, an anhydride.

o L
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Milne, George W. A, and Shacmeng Wwang. ‘Use

of Computers in Toxicology.” i Designing Safer
Chemicals, edited by Roger L. Garrett and Stephen
C. DeVito. Washington: American Chemical Society,
scheduled to be published in fall 1995. For informa-
tion, call the ACS at (202) 872-4564. [Ili]

Misono, Makoto, and Toshio Okuhara. “Solid
Superacid Catalysts.” Chemtech 23 (November
1993): 23-29. [IL.F]

Describes current applications and potential uses of
heteropolyacids. Suggests that superacids could make
synthetic processes involving hazardous chemicals
more benign. Provides detailed definitions of

superacids and heteropolyacids and discusses their

unique properties; includes data from recent research.

Mitchell, James W. “Altemative Starting Materials for
Industrial Procasses.” Procsedings of the National
Acadedny of Sciences, USA 89 (February 1992):

. V] . -

This arficle addresses the eff of the chemical industry
on society and the environmental and health risks posed
by high priority toxic chemicals. Based on current
environmental regulations, which restrict the activities
of the chemical industry, the author presents a pollution
prevention strategy based on chemical substitutes and
on-demand chemical generation. The article also dis-
cusses the need for alternative precursor reagents in
semiconductor manufacture.

Mittelman, Abe, Daniel Lin, Dorothy Gannon, and -

-« CKHo. “inherently Safe Chemistry Guide.” American

‘Chemical Society Preprint of Papers, Division of
Environmental Chemistry 34, no. 2 (August 1994):
271-272. Presented atthe 208th ACS National -

" Mesting, Washington, August.21-25, 1894. (V1.

practice is not one that merely minimizes the total
volume of toxic waste products; rather, it is an envi-
ronmentally advantageous process that is also safe to
chemical factory workers and the public. The article

"'+ givesan overview of several chemistry practices thie
¢ authors deem as “inherently safe.” : '

Moss, Ken, and Ray Kent. *Cheimical Categoﬁes_lﬁ
EPA's New Chemicals Program.” American Chemical

. Sociaty Praprint of Papers, Division of Environmental | ions for analysis. -

Chamistry 34, no. 2 (August 1994): 285-288.
Presanted at the 208th ACS National Meeting,
Washington, August 21-25, 1994. (IV} ‘

Provides background on EPA’s premanufacture nc>tice‘ v

- implementation.

.

procedure for the testing of new chemical substances
and describes the establishment of new categories for
reviewing these substances. Notes the EPA’s plans o
development a list of “categories of concern” that will-
assist the development of safer chemicals. '

Newman, Alan. “Designer Chemistry.” Environmental .
Science and Technology 28, no. 11 (1994): 463A. [V]
Provides an overview of the benign-by-design concept
presented at the August 1994 national meeting of the
‘American Chemical Society in Washington, which
focused on Design for the Environment. Discusses
résearch in thie areas of alternative synthesis and the

* design of safer chemicals using toxicological concepts. -

Newsome, Larry D., Vincent Nabholz, and Ann Kim.
“Reducing Aquatic Toxicity Through Safe Chemical
Design.” In Designing Safer Chemicals, edited by
Roger L. Garrett and Stephen C. DeVito. Washington:
American Chemical Society, scheduled to be pub-
lished in fall 1995. For information, calt the ACS at
(202) 872-4564. [V} .

N

Nikles, David E., Alan M. Lane, Song Cheng, and -
Hong Fan. “Poilution Prevention in the Magnetic
Tape Industry: Waterborne Coating Formulations

. for Video Tape Manufacture.” American Chemical

Society Preprint of Papers, Division of Environmental
Chemistry 34, no. 2 (August 1994): 417-418.

~ Presented at the 208th ACS National Meeting,

Washington, August 21-25, 1994. [IL.F]

Provides a brief description of a binder polymer system
that can be used in a new waterborne coating formula-

_ tion. Discusses experimental coating trials using new

formulations and economic issues affecting large-scale

Reel, Kevin. “Hydrogen Suffide is Not Such a
Rotten idea.” Joumal of Chemical Education70 -
(October 1983):. 854. [Ed_.. Tools)

Describes a microscale procedure using “yellow” -
ammonium sulfide to produce hydrogen sulfide for

_ quantitative analysis, replacing the use of the carcinogen

thicacetamide. The author states this procedure serves
as an acceptable alternative to the waste treatment of

amrimonium sulfide and provides a safer source sulfide
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: R:c man ,,ack c.

“The Rational Design of Active
Site Catalysts.” Ar"ertcan Chemical Society Preprint’
.of Papers, Division of Environmental Chemistry 384,
no. 2 (August 1994): 404—407. ‘Presented at the -

'208th' ACS National Meetsng, Washmgton August

21-25,1994. [V]

Accordmg to author, the time has come for a commxtfced
investigation into the design of active site catalysts
modeled after enzymes. The author’s belief stems from

- advancements in areas such as modeling of active sites
-and site mutation theory. Discusses theroles of various
_ sectors’ in the development of active site catalysts. ‘

Riley, Dennis, Walham D. McGhee and Thomas
Waldman. “Generation of Urethanes and lsocyan-

~ ates from Amines and Carbon Dioxide.”- In Benign
. by Design: Alternative Synthetlc Design for Poliution
- Prevention, edited by Paul T. Anastas and Carol A.

" Farris, 122-132. Washington: - American Chemical

Society, 1994. [LA]

Presents an industrial apphcanon of bemgn chexmstry
specifically the élimination of phosgene-as a reagent in

. the production of urethanes and isocyanates. According

to this study, a new COs-based route to isocyanates. -

. stcusses the useof molecular sunulauon in the devel- ‘

" and. rrethanes occurs under mild conditions with

greater'ease than traditional syntheses..

" Rotman, David. “Chemists Map Greener Synthesis

Pathways.” Chemical Week 153 (22 September -
1993): 56-57. M S -

A review of the American Chemical Society’s 1993 na- .

" . tional meeting in Chicago, which addressed alternative

synthetic design for pollution prevention. Describes *
advances made by industry and. academia in finding.
less toxic substitutes for feedstocks, solvents, and:

. catalysts. Addresses potentxal obsmdesforcommere -
‘cxahzatxon o L R

Rotman. David. "Molecular Modeling Takes on.
Catalysts.” Chem:w Week 148 (26 June 1991)
52+. U} . :

opmerit of novel catalysts.. The benefits of computer

: modelmg are dscnbed along with current drawbacks

; Rotman ,David. “Molecuiar Modehng Takes on .

Polymers
28, 30. (1]

Chemzca/ Week 147 (17 October 1990)

' . Although this amcle does not exphcxtly ‘discuss green
chemistry, it describes how computer modeling can be.

used in the benign design of polymers. The author fo-
cuses on software that assists in making’ predxcnons

about the bulk properties of polymers, stating that the .

goal of such efforts is to “design polymers with pre—
dlctable and valuable bulk commemal properties.”

Roiman, David. “Successes Emerge in Search -
for Cleaner Processes.” Chemical Week151 :

(9 December1992) 66. [ILE] .

.- Focuses on mdustnal activities in the area of poIIutlon

hY

‘ xFocuses on the chémical mdustry’s progress in cleamng '

prevention, with a discussiort of economic-implications.
The article addresses process changes that employ al- .

_ ternative catalysts. EPA-funded university research in
novel chemical synthesxs technologxes is hxghhghted

Rotman, Dawd “T! he Quest forReduced Emlsswns, o

Greener Processes.”™ Chem;cal Week 153 (7/14 July
1993) 117-118. [I.D]

up processes-through biological synthetic routes using

' biocatalysts. The author presents success stories. but -

. questions the feasibility of commercialization. ‘The ar-

ticle discusses industry’s short-term solutions to cut
emissions from facilities, highlighting the syntheszs of

indigo dye by E coli.

Sawan, Samuel P., Yeong-Tamg Shleh ‘and

Jan-Hon Su.. Evaluation of the interactions Between .

Supercritical Carbon Dioxide and Polymeric Materials. . -
- Los Alamos National Lab Report #LA-UR-84-2341.. .

" Available from National Technical Information Service, -
. 5285 Port Royal Road, Springtield, VA 22161,

(703) 487-4650 or the Office of Scientific and .

. Technological Information, Box 62, Oakridge, ™
."37831 (615) 576-8401. [ii. B} :

A report resultmg from direct collaBdrahon among Los
Alamos National Laboratory, the Toxics Use Reduction - -

Institute at the University of Massachusetts, Lowell,
“and International Business Machmn;s Corporation.
Focuses on the interactions between supercritical and.

- suberitical carbon dioxide and polymeric materials to °
- avaluate the use.of CO, as a substitute for CFCs in pre-

cision cleaning of polymers. ‘Examines the absorphon,
swelling, and dissolution of carbon dioxide in polymers

" atelevated pressures, as well as thermal and mechamcal
. properﬁes .
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_no. 1 (7 January 1991):

* Chemistry Laboratory:
.* American Chemical Society Preprint of Papers, Divi-

Sheiden. Reger A, “Cansider vw-a Environmental

' Quotient.” Chemtecn 24 Maren 1994): 38—46-' {(ILF]
Evaluates alternaave routes tQ several organic products

wased on thewr ‘environmental quotient™: an empirical
relationshup invented by the author that incorporates
{ssues of cost, vield, waste, and overall viability into
chemical manufacturing procedures. .

Shetrington, David C. 'Polymer-Suppo&ed Systems:
Towards Clean Chemistry?” Chemistry and Industry
15-19. [IL.F] :

Argues that some polymeric reagents, polymer-
supported catalysts, polymeric protecting groups.

and mediators possess tech~ -dvantages due toa
macroscopic “handle” tha. .. :.creased procedural
efficiency without any pollution problems.

Sieburth, Scott McN, “Isosteric Replacement of Car-
bon With Silicon in the Design of Safer Chemicals.™
In Designing Safer Chemicals, edited by. Roger L.
Garrett and Stephen C. DeVito. Washingtoen: Ameri-
can Chemical Society. scheduled to be published in
fall 1995. For information on publication date, call ~
the ACS at (202) 872-4564. [I.F]

This chapter describes isosterism, silicon as an isostere
of carbon, similarities and differences between silicon-
and carbon-based chemicals, and the degradation and
oxidative metabolism of otganosilanes. Three case
examples of silicon-for-carbon isosteric replacement in
agrochemical research illustrate the effectiveness of the
{sosterism in the design of safer chemicals.

e P T.Anastas and Carol A Farris, 84-9
Singh, Mono M., Ronald M. Pike, and Zvi Szafran.” - s the fesults af severak pised Free

“Poilution Prevention in the Organic and Incrganic.
Microscale Approach.”’

sion of Environmental Chemistry 34, no. 2 (August
1994): 194-197. Presented at 208th ACS Nationak
Maeting, Washingtor; August 21-25,1994. {I} .
Describes the conceptsof microscale chemistry and -
'the environmental advantages of microscale reactions..
Briefly reviews selected iments from several " -
es of chemistry laboratory texts to illustrate the

microscale approach. Co. ’

©_Slone, J. Eric, Paul T. Anastas, Stephen C. DeVito.
-*Using Computer Assisted Organic Synthesis in the
U.S. Environmental Protection Agency's Premanu-
facture Notification Program: A Case Study in
Pollution Prevention.” American Chemical Society
Preprint of Papers, Division of Environmental Chem-
istry 34, no. 2 (August 1994): 221-223. Presented
" at the 208th ACS National Meeting, Washington,
~ August'21-25, 1994. (g '

Examines the use of three computer programs that
have the ability to model alternative syntheses of
loratadine. Provides a brief critique of each and gives
a general conclusion regarding the effectiveness of the
programs as tools for benign synthesis.

‘Smith, Leverett R, “Securing Environmental
~ Concerns in the Chernistry Gurriculum.” American
- Chemical Society Preprint of Papers, Division of ~
Environmental Chemistry 34, no. 2 (August 1 994):
198-200. Presented at the 208th ACS National
Meeting, Washington, D.C., August 21-25, 1994. [l

 States the two types of environmental concerns .
chemistry departments face: complying with regula-
tions and redesigning curricula to address real-world
issues. Addresses the need for awareness and pro-

vides suggestions to improve chemistry curricula.

- Snider, Barry B., and Bridget A. McCarthy. “Mn(ill)- -
Mediated Electrochemical Oxidative Free-Radical
Cyclizations.” In Benign by Design: Altemnative

Synthetic Design for Poilution Pravention, edited by

i - w :

be viable altemaﬁvei to free-radical cyclizations that
employ toxic tin reagents. '

Spitzer, Martin A. “Environmental Accounting.”
American Chemical Society Preprint of Papers,
Division of Environmental Chemistry 34, no. 2

. (August 1994): 247. Presanted at the 208th ACS
National Meating, Washington, August 21-25, 1994.

'Addresses the importance of full-cost accounting and

life cycle cost assessment in the development of safer
chemicals and cleaner t'ed:mologi'a. o

e
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" Steinfeld. J. 1. and D. S. Bem. “Graduate Research

and Training in Chemistry of the Environmentat - -
. 'benzene: A New Exampie of Nucieophilic Aromatic

M.I.T." American.Chemical Society Preprint of .
Papers, Divisior of Envirchmental Chemistry 34,
no. 2 (August 1994): 187-190. Presented’atthe

- 208th ACS National Meeting, Washingtan, August
21-28,1994. 01 . .
Describes activities at Massachusetts Institute of Tech-

e _nology that incorporate en_viron’me'ntél problems into
education. Provides a detailed ‘description)of aweekly

" seminar examining a broad range of_envirbn.[nexital is-
sues through a seriés’of case studies. = .

. . ‘Stern, Michael K. “Nucleophilic Aromatic Substitution
" for Hydrogen: . New Halide-Free Routes for Produc-
tion of Aromatic Amines.” In Benign by Design:
- Altemiative Synthetic Design for Pollution Prevention,
edited by Paul Anastas and Carol Farris, 133-1 43. -
‘Washington: American Chemical Society, 1994. [Il.F]
Describes two new routes to 4aminodiphenylamine and
4-nitroaniline that are based on nucleophilic aromatic. -

- substitution for hydrogen (NASH). The authorsclaim  ©

_ that these syntheses are more environmentally favor-
able than previous NASH reactions. These mechanistic

studies illustrate that the chlorination of benzene in the

‘production of aromatic amines can be eliminated. . .

* Stern, Michael K., and Brian K. Cheng. “Amination
of Nitrobenzene via
gen: Direct Formation of Aromatic Amide Bonds.” -
Journal of Organic Chemistry. 58 (1993): 6883~ .
gsss. LF} .+ o

 The authors report routes to p-nitroaniline and its deri-
vatives.that do not ise halogenated oxidants or inter-
mediates. The reactions-are selective only to the para-. -
. substituted amine, proéeed under mild conditions with

high yield, and have only water asa major by-product. .

" Ster, Michael K., Briari K. Cheng, Frederick D.
. Hileman, and James M. Allman. “A New Routato.
4-Aminodiphenylamine via Nucleophilic Aromatic

 * Substitution for Hydrogen: Reaction of Aniline and

Azobenzene.” Joumnal of Organic Chamistry 53
(-199.47)5 5627-5632 mr. L

. ‘4-Aminodiphenylamine (4-ADPA) and its derivatives:

" ‘are widely used as antioxidants in rubber products;

however, their manufacture is heavily dependeriton

Ster, Michael K., Fredrick D. Hileman, and James

Aromatic Substitution for Hydro-

K. Bashkin. “Direct Coupling of Aniline and Nitro-

Substitution for Hydrogen.” Journal of the American

Chemical Society 114 (1992): 9237-9238. e

The authors report a novel example of nucleophilic
aromatic substitution for hydrogen that proceeds in
high yield under mild conditions. The reaction uses an
amine as nucleophile and does not require an auxiliary
leaving group or external oxidant. The reaction may

-have commercial implications since it 'elkninétes the
. need for halogenated aromatics in the production of

‘substituted aromatic amines.

Stinson, Stephen.. “Ci’eaner Routes Found to Rubber .~ - -

Antiozonants.”, Chemical & Engineering News 71, .
no..36 (6.Sept;ember 1 993): 30-31. .F '

 Provides a report on new and better routes to certain

important rubber-processing chemicals that are less
costly, less energy-intensive, and do not require chiori-
nated organic compounds. L

Sundaresan, Sankaran, Michaél Siﬁ\p'soﬁ. and
James Wei. “Alkylation of Isobutane With 2-Butene

.- Over Zeolites.” American Chemical Sociely Preprint.

of Papers, Division of Environmental Chemistry 34,
no. 2 (August 1994): 236-237. Presented at the
- 208th ACS National Meeting, Washington, August
21-25,1894. (WF] - o

. Describes a “high-pressure flow reactor used to study o

. .

the kinetics and selectivity of the solid-acid catalyzed - o

alkylation of iscbutane with 2-butene” in order to
. understand the deactivation of zeolite catalysts.
Zeolites are a benign alternative to hydrofluoricacid
and sulfuric acid—two substances that are currently. -
used in the alkylation of isobutane with 2-butene. .

sundeil,' Mats J., and Jan H. Nasman. ;‘Anchor'ing' N i

" Catalytic Functionality. on a Polymer.” Chemtech.23

. (December 1993): 16-28. [IL.F]

" Describes the preparation of novel polyﬁ;et-suppdfted '
. catalysts and reagents. Polymer supports can be valu- -

able because they improve the reactivity and selectivity :

volatile, and in some cases facilitate the removal of .
" ‘reagents from industrial reaction pots. :

- . toxic halogenated reagents. The authiors report a new o

route to 4-ADPA that does not'require halogenated re-

. acrants and generates only water as a major by-product.
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Szafran, Zvi, Mono Siigh, and Ronald M. Pike. “The’
Microscale Inorganic Laporatory: Safety, Economy, -

and Versatility. Joural of Chemical Education €6,
no. 11 (November 1989): A263-A267. (I

Discusses origins and need for microscale organic and
inorganic chemustry. Describes four major difficulties

with traditional inorganic labs that microscale labs re- "

duce: waste generation, lab hazards, limited variety of
available reagents, and time-consuming experiments.

Tanko, James M., and Joseph F. Blackert.
“Alkylaromatics in Supercritical Carbon Dioxide.”
Science 263 (January 14, 1994): 203-205. (IL.F]

* Zeigler brominations are typically performed in'carbon’

«acnionde. An alternative to this en\(ironmentally
problematic solvent is super .2.tical CO2. The authors
report higher yields and less by-product formation.

Tanko, James M., Joseph F. Blacken, and Mitra:
Sadeghipour. “Supercritical Carbon Dioxide as a
Medium for Conducting Free-Radical Reactions.”

In Benign by Design: Alternative Synthetic Design
for Pollution Pravention, edited by Paul T. Anastas
and Carol A. Farris, 98-113. Washington: Amaerican
Chemical Society, 1994. [l1.B} '

Discusses the use of supercritical carbon dioxide as &

less toxic solvent in chemical synthesis and manufac~

ture. Illustrates the éffectiveness of this solvent by

describing various brominations performed in it. -

Tanko, James M., Kamrudin N. Sulerhan, Glenn A.

Hulvey, Anna Park, and Jennifer €. Powers. “Solvent
Prassure Effects in Free Radical Reactions: - I
Inversion in Free Radical Brominations
Induced by Solvent.” Journal of the American .
Chemical Socigty 11 5(1993): 4520-4526. (It.B}
The solvent pressute effects described in this paper

are relevant to free radical brominations performed in -

organic solvents: In later research, the authors show

" that the relationships are valid for brominations per-
" formed in supercritical carbon dioxide as well. The'

data presented should be useful for those wishing to

' control or optimize reactions involving supercritical _:
< carbon dioxide. - ’ .

‘Thayer, Ann M.

“Growing Exchange of information R
Spurs Pollution Prevention Efforts.” Chemical & En-
gingering News 71, no. 30 (26 Juiy 393): 8-25. -[IY]

" Discusses the Responsible Care Program’s pollution
- prevention code that requires implementation by

members of the Chernical Manufacturers Association.
Describes difficulties with environmental reporting *-
that have contributed to increased pollution preven-
tion efforts, such as lack of standards and uniform
definitions. Provides examples of pollution prevention

activities within industry.

Timberiake, Dennis L., and Rakesh Govind. “Expert
System for Solvent Substitution.” American Chemical
Society Preprint of Papers, Division of Environrn«antal :

" Chemistry 34, no. 2 (August 1994); 215=217..

Presanted at the 208th ACS National Meeting, -
Washington, August 21-25, 1994, (] ’ L

' Discusses the capabilities and procedures of PARIS

(Program for Assisting the Replacement of Industrial
Solvents)—a computer program that aids in identifying
alternative solvent formulations for the printing industry. o

Tobin, Paul S. “Risk Management Through Inher- At
ently Safe Chemistry.” American Chemical Society C
Preprint of Papers, Division of Environmental Chem-

istry 34, no. 2 (August 1994): 268-270. Presented

at the 208th ACS National Meeting, Washington,

August 21-25, 19%4. [IV] -

, Examines the need for chemists to promote inherently '
safe chemistry within industry, research facilities, and

curricula as a means of risk managemi#it Covers rele-
vant regulations and programs, resotirces for hazards
analysis, and EPA’s role in inherently safe chemistry...

“Trogler, Wwiliiam C., John D. Simon, and Harry Gray..

“Integrating Environmental Chemistry Into (ntroductory
Chemistry for Majors and‘Nonmaiors.“ Armerican.
Chemical Society Preprint of Papers, Division-of
Environmental Chemistry 34, no. 2 (August 1994). .
182. Presented atthe 208th ACS National Maeting,
Washington, August 21-25, 1994. M} -
Overview of the goals, advantages, and'shortcomings
of a text that discusses real-world chemistry issues. |

C
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LT

Trost, Barry M. T hé Atom Eﬁiéienbj-—A Search fé’; o

Synthetic Efficiency.” Science 254 (Dec. 6, 1991): - - ;
L » . Pollution Prevention and TOXIC Subs'gances;fand the:
- . National Science Foundation. Procsedings Doci-

1471-1477. [V] .
Comparison of atom utilizations, on the basis of

 theoretical yields, is a rapid way to evaluate the envi-

ronmental impact of alternative routes to-a particular .
_product. “This article explains how such comparisons are ..
-~ made by way of several example syntheses that involve

carbocyclic ring structures.

~ Tully, J.C. v“Envirohmehtal'Ezducati:on From an

industrial Perspective.” American Chemical Society
Preprint of Papers, Division of Environmentai Chem-
istry 34, no. 2 (August 1994): 203. Presented at the
208th ACS National Meeting, Washington, August
21-25, 1994. [I] N

A brief paragraph about changing trends in the chemi- ,
. cal industry; focuses.on the principles of industrial .

ecology. Explainis the need to educate future decision-
makers about environmentally minded curricula.
Tumas, William, Shaoguang Feng, Richard LeLacheur,
David Morgenstem, Paul Williams, Steve Buelow,
Carcl Bums, Bemard Foy, Michael Mitchell, Mark Burk,

_ and Robert Waymouth. “Chemical and Catalytic
‘Transformations in Supercritical Fluids.” American

. Chemical Society Preprint.of Papers, Division of
" Environmental Chemistry 34, no. 2 (August 1994):-

211. Presented at the 208th ACS National Meeting,
Washington, August 21-25, 1994, nel}.

" . "A'short paragraph describing a research program that
explores the use of supercritical fluids in the improve-

- ment of reactions, use of new pathways, ’
~ of envirorimental burdens. '

o :l’_undd. Pieiié.- Carios Alberto Marques, andMauﬂzi& -
- Selva. “Selective Mono~-Meth

ylation of Arylaceto-
‘nitriles and Methyt Aryiacetates by Dimethyicarbon:

bonate:
A Process Without Production of Waste. American -

'Chemical Sociaty. Preprint of Papers, Division of

Eeronmental Chemistry 34, no. 2 (August 1984): .
. 336-339; Presented at the 208th ACS National

Meeting, Washington, August 21-25, 1954. 1G]

Describes thé use of dimethylcarbonate in Gas-Liquid -

‘ . Phase Transfer Catalysis as a non-toxic, highly selective -
- methylating agent that does not generate waste. Pro- - L
- vides details about alternative methods for alkylating

arylacetmutn_la and arylacetic esters.:

United States Environmental Protection Agency, .

Office o Research and Development and Office of

ment: Workshop on Green Syntheses and Process::
ing in Chemical Manufacturing. EPA/GO0/R-84/125.
Washington: EPA, October 1994. (To obtain a iree
copy, call the National Center for Environmental -

* Publications and information at 513-891 -8561.) (V]

Details the proceedings from this workshop attended
by more than 50 chemists, biochemists, and che;’nicai‘
engirieering ;eprsentatives from industry, government, - .

- and academia. Presentations from the opening session

covered benign organic synthesis, benign biosynthesis, . -

- benign engineering appr_oaches,and'cpmputer-ba'sed '
. methods for green synthesis. ' ‘

United States Environmental Protection Agency, ~

Office of Research and Development. Guides1o - -
Pollution Prevention: Research and Educational
Institutions. EPA/625/7-90/010. Washington: EPA,

~ June 1980. (To obtain a free copy, call the National - :

Center for Environmental Publications and Informa-

 tion at 513-891-6561.) [V}

Provides guidelines for conduéting waste minimization
audits and implementing waste minimization options

" at research and educational facilities. Outlines some -
" material management and laboratory practices.

Veith, Gilman D., David De Foe, and Michael Knuth. .

*Sttucture-Activity Relationships for Screening o
Organic Chemicals for Potential Ecotoxicity Effects:”
Drug Metabolism Reviews 15, no. 7 (1984-85):
1205-1303. (] B .

.Summarizes progress in the d&d&pméntpf structure- T
‘bioconcentration relationships and structure-toxicity

relationships. The authors stite that the SARs.examined

. in this article “are directed at distinguishing structures’ -

which should be thorcughly tested from those that .

should not, and are not directed at prediction ‘of ulti-
tnate environmental effects.” The toxicity of industrial

.5texsesﬁmz.ltedusingQ$ARis'a_l.sbdhis¢ussed“ [
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Vellaccio, Frank. “Making a Place for Environmen-
,taity Berugn Synthesis in the introductory Chemistry .
Curnculum: s ita Mcral Imperative?” American
Che - .a! Snciety Prepnint of Papers, Divisicn of
- Environmental Chemistry 34, no. 2 (August 1994):
179. Presented at the 208th’ACS National Meeting,
Washington, August 21-25, 1994. i
tions regarding the content of chemistry courses. “An
attempt to discuss the ethical issues involved in making
a place for environmentally benign synthesis in the
satroductory chemistry curriculum.”

waldman, T., and W. McGhee ‘“Isocyanates From
Primary Amines and Carbon Dioxide: ‘Dehydration’
of Carbamate Anions.” Journal of the Chemical
Society-London, Chemical Communications (1994):
957-958. (il.A] v
An alternative route to isocyanates, the primary feed-
stocks of the polyurethane industry, has been discovered
by the authors. Carbamate anions derived from CO,
and primary amines are converted in high yield syn-
‘theses to isocyanates via reaction with electrophilic
‘dehydrating agents’ such as POCL or PO, The
authors’ new procedure is a promising alternative
to traditional isocyanate production since it does not
entail the use of phosgene. :

Wallace, Michaet J. “A Company Pregram to
ntroduce Pollution Prevention (P2) Concepts Into
Chemical Process Development.” Amarican Chemical
Sociaty Preprint of Papers, Division of Environmental
Chemistry 34, no. 2 (August 1994): 201-202.
Presented at the 208th ACS National Meeting,
Washington, August 21-25, 1 994, V1 .
This documént is divided into three short sections *
. covering (1) the benefits and incentives of pollution. .
prevention, (2) the elements of an industrial pollution
prevention program, and (3) the need to train industrial
chemists in pollution prevention concepts. Describes
 various projects that should be incorporated into in-
dustrial pollution prevention educational programs.

®

Watts, Daniel J. “Emission Heduction Research .
. Center Pollution Prevention in Batch Chemical

A short paragraph that poses thought-provoking ques- .

. based tool that assists decision-making.

. benign

. preparation of tris(Acetylacetonato)manganese(ill),

- Fe(GH,O9)s

* . ‘American Chemical Society Preprint of Papers,
- (August 1994): 177-178. Presentad at the 20&th

. Curriculum Program, listing its goals and methodology. .

t

Processing Through Selection ot Synthesis Condition
and Process Design.” American Chemical Society -
Preprint of Papers, Division of Environmental Chem-
istry 34, no. 2 (August 1994): 220. Presented at the
208th ACS National Meeting, Washington, August
21-25, 1994. (IV] :

Briefly describes the membership criteria, goals, and
activities of the Emission Reduction Research Center. -
The Center’s research focuses mainly on non-VOC sol-
vent systems and the development of a’computer-

Wilcox, Mary F., and Judith G. Koch. “A Freshman
Laboratory Program Without Chromium.” Joumnal
of Chemical Education 70 (June 1993): 488.

Discusses the problems faced by the Ithaca College
chemistry courses that used chromiumVI compounds,
classified by Occupational Safety and Health’ v
Administration as carcinogenic, and the strategy used to
preserve “the solid pedagogy” provided by chromium
experiments. Provides two more environmentally
complexes to replace chromium acac.’

Also gives experimerital details for the following: ..

colormetric analysis of Mn(C¢H,O,),, preparation of .
tris(Acetylacetone)imp(III), and titrimetric analysis of

Williamson, Tracy C., and Paul T. Anastas. “Incorpo- |
rating Alternative Synthetic Pathway Design into the

Synthetic Chemistry Curriculum: EPA Perspectives.”

Division of Environmental Chemistry 34, no. 2

ACS National Meeting, Washington, August 21-25, .
1994. (M e
Explains the need to incorporate pollution prevention
issues into classical synthetic and inorganic chemistry
courses. Describes EPA’s “Benign by Design” Chemistry .

‘A good source of background information..
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-

Wilson. Sharon. *Peroxygen Technology in the -
Chemical industry.” Chemistry and Industry no. 7
(4 Apnl 1994);- 255-258. [ILF] R
- This article lists the environmental and economic: -
* " benefits of using peroxygen as a reagent in chemical.
" synthesis. Seven oxidation reactions that use peroxygen
technology are described; hydrogen peroxide “inaction”
“is illustrated through five examples. - ‘

Zhang, Zhiouyao, Min J. Yang, and Janusz Pawliszyn.
_ “Solid-Phase Microextraction: A Solvent-Free Alter-

native for Sample Preparation.”. Analytical Chemistry

66 (1 September 1994): 844A-853A. {ILF]
©* This report describes the problems associated with.
. taditional sample preparation technologies, including
_ the use of toxic organic solvents and barriers to change.
" Selvent-free techniques in three categories (gas-phase,
membrane, and sorbent extraction) are reviewed and .
‘compared with solid-phase microextraction (SPME).
" Included are the theoretical aspects, extraction and

desorption characteristics, applications, and future - - 7

s rde'ielopments of SPME.

S -

Zwaard. A. W.. H. P. W. Vermeeren, and B. de
Gelder. “Safety Educa.tion for Chemistry Students: i
Hazard Control Starting at the Source.” Journal of .

‘Chemical Education 66, no. 4 (April 1988} At12-

A114, [1]

- Discusses safety practices and procedures in chemical -
_ laboratories with a description of a systematic, strategic

apptoach aimed at eliminating hazards at their source.. .
The substitution of toxic solvents and the reduction of .

- labs to microscale level are used -as'examples of hazard
.control at the source. ' ~ e o
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