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Preface

These proceedings of the Symposium on "Health Hazard Control in

the Pesticide Formulating and Manufacturing Industry"™ are submitted
under Contract Number 210=-80-0068 to the National Institute for

- Occupational Safety and Health of the U.S. Department of Health

and Human Services. The symposium was held in St. Louis, Mlssourl,
on 2-3 December, 1980.

The objectives of this Symposium were: 1) to present technical
information that will improve the workplace and ambient environ-
ment through the design and implementation of engineering controls,
monitoring systems, work practices, and personal protective equip-
ment programs; 2) to provide an open exchange of information and
ideas among industry, labor, and government representatives; and

3) to facilitate the implementation of control technology, par-
ticularly by small formulators and manufacturers.

Co=-sponsors of the Symposium were the National Agricultural Chemi-
cals Association, the American Institute of Chemical Engineers,

the Inturnational Chemical Workers Union, the Chemical Specialties
Manufacturlng Assocdiation, and the Pesticide Producers Associatlon.
Coordination was provided by Dlaloque Systems, Inc.



Abstract

This Symposium was held to allow representatives of iﬁdustry;

labor and government to share thoughts on how to improve health
and safety in the workplace and how to control the emission of
toxic airborne substances into the ambient environment. The
general findings and conclusions of the NIOSH/EPA "Control Tech-
nology Assessment of the Pest1c1de Formulating and Manufacturing

Industry" were reviewed.

The first day was devoted to an assessment of the pesticide in-
dustry and to the engineering control of health hazards. This
included: plant design and layout; materials handling and trans-
fer; blendlng, formulating and packaging of ligquids and sollds,

- and emission controls.

v/

The second day covered work practices, use of personal protective
equipment, monitoring for hazard control, and implementation of
control technology strategies.

This report was submitted in fulfillment of Contract Number

210-80-0068 by Dialogue Systems, Inc., under the sponsorship 5/’_

of the National Institute for Occupational Safety and Eealth.






EXECUTIVE SUMMARY
Walter M, Haag . L
Director, DPSE/NIOSH . : K

In the course of the symposium on health hazard control in the .
pesticide industry held in St. Louis on December 2 and 3, 1980, we
heard some nineteen presentations from our panel. Our intention,

to generate constructive exchange of information and ideas, was ful-
filled. We hope that all the participants and attendees gained
something from the program that they can take back and use.

A word about our organization. NIOSH, the National Institute for
Occupaticnal Safety and Health, located within. the Department of
Health and Human Services in the federal government, has responsi-
bility under the Occupational Safety and -Health Act of 1370 to . '
conduct research and to develop criteria for preventing the ex-
posure of workers ‘to harmful chemical and physical agents. Within
NIOSH, the Division of Physical Sciences and Engineering is re-
sponsible for control technology research. This contrel technology
program attempts to define and establish solutions by documenting
successful applications of control measures and by stimulating the
private sector to prevent hazardous exposures of their workers.

The first of the three objectzves of this symposium was to present
technical information that can improve the workplace environment.
Presentations were-gzven on the design and implementation of en-
gineering controls, .monltorlng systens, work practlces, and per-
sonal protect;ve equzpment programs. . :

The second objective was to provide an open forum for exchange of
. ideas among the industry, labor, and governmental sectors. A look
at the list of participants shows that this.goal was indeed
attained. , _

- The third, and final, objeotive for the symposium was to help with
facilitating the implementation of control technology, particularly

by small formulators and manufacturers. St. Louis was selected as

our conference site speczflcally for its accessmb;llty to thls

part of'the lndustry. S

I would like to hlghllght the several themes that were covered in
~ the symp051um' , .

Control technologf'wes presented'as‘consisting of'engineering“con-
trols, monitoring mechanisms, and work practices, including train-
ing_end personal protective equipment.  These components. form a

l‘.



system rather than operate exclusive of one ancther. The solution
to controlling hazards is both technical, in the sense of the en=
gineering and monitoring, and human, in terms of work practices
and personal protective egquipment needed.

As a rule manufacturing formulating operatiocns are batch processes
and are regionally distributed. In the presentations on engineer-
ing controls, the central theme which emerged was that it is de-
sirable to eliminate contamination of the workplace environment.
To this end, our speakers described what has been and what can be
done. We heard of some fundamental changes made by determined
individuals,. One of the primary purposes of the NIOSE Control
Technology Assessment summarized in the symposium is to document
that responsible organizations and individuals have taken action.
Ingenuity, not straight textbook answers, is required for each
situation, and we are attempting to encourage a wider implementa-
tion of ingenious solutions,

Management and immediate supervisors have a responsibility to
maintain the system and to keep the worker aware and informed, in
addition to the responsibility of implementing technological or
engineering solutions. Attitude on the part of the management and
workers is critical to successful production and to worker safety
and health. Among our presentations were some which dealt with
work practices, such as training techniques and approaches that
are being used to make workers aware and informed of their respon-
sibilities to carry out certain tasks in a certain way, and the
effect of these techniques and apprcaches on their own safety and
health. The good attendance at this symposium serves to further
confirm the fact that the right attitude does exist in this indus-
try. I think this is both commendable and encouraging.

Those discussions of contrel technology that concerned perscnal
protective equipment mentioned a variety of equipment and other
key factors as essential to an effective program. We saw how
companies can tailor use of contreocls to their own particular
situation and how they can draw upon what is known within the in-
dustry and other areas. The guidelines that were presented can be
extrapolated throughout the industry. :

The ablllty to monitor emissions in the workplace, in the environ-
- ment, and medically is critical to the successful control of pro=-
duction processes and the elimination of emissions that can sub-
sequently become contaminants. It was emphas;zed that point of
emissions are most concentrated and where it is easiest to regaln
control if something does go wrong. :

We were reminded that knowledge of the various control technology
components--engzneer;ng, work practices, personal protective

. equipment, and monltorlng--ls useful only to the extent that

~ implementation occurs.

Of‘oourse,fevery technical solution has costs associated with it.
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with this in mind, we have tried to indicate some of the many
finance mechanisms available to the small business operation. The
idea is to fit the financial program to the need of the individual

‘operation.

Another idea born out of this symposium is the concept of regional

workshops for more detailed study of problems and solutions., If

~ you have thoughts and suggestions along this line, please write to
me or to any of the co-sponsoring organizations. We look forward

to doing more collective work for the good of the industry.

Also, in addition to making these proceedings available, NICSH has
made about a thirty-minute videotape covering the symposium's con-
tent. It is available free of charge to anyone who provides a
blank tape onto which it can be copied.

I would like to take this opportunity to commend the many people
and organizations who have participated in the NIOSH control tech-
nology studies, of which this is one., In special thanks, I would
like to recognize Tom Gilding, Manager of Regulatory Affairs, and
Dick Blowers, Chairman of the Occupational Safety and Health Com-
mittee, both of whom are with the National Agricultural Chemicals
Association; Jim Vale, of the Chemical Specialties Manufacturers
Association; Jim Champion, of the Pesticides Producers Association;
- Stanley Eller and Angelo Russo, of the International Chemical

Workers Union; Tom Carmedy, Chairman of the Safety and Health Divi-
sion of the American Institute of Chemical Engineers; Doug Fowler,
Procject Manager of the NIOSH Control Technology. Assessment; Reginald
Powe, Conference Coocrdinator, of Dialogue Systems, Inc., New York,
and Robert Hughes, Research and Mechanical Engineer for the Engin-
eering Control Technology Branch of DPSE/NIOSH, our moderator for
the first day. I would also like to thank all who participated
whether by speaking or by their presence.. The presentations and
discussions that took place mark the beginning of a continuing
partnership to better protect our nation's greatest resource, its
workforce. 1 lcook forward to hav;ng more contact with all of you
in the months to come. - o

To sum up, I recall a magaZLne artlcle whlch I saw recently en-
titled "America--Bread Basket of the World."™ Advances in the
pesticide industry have contributed to this title and are essential
for that phrase to apply ten yvears from now., I believe that NIOSH,
with its initiative in coatrol technology assessments and its re-
search program, and the many companies, organizations, and indi-
viduals who attended this symposium can cooperate to make a differ-
ence in America's future.‘ Let it be said that the eighties were

a decade of solutzons. Cos SR S .



NIOSE-CTA: SCOPE AND OBJECTIVES
Paul E. Caplan
Research Industrial Hygienist, DPSE/NIOSH

One of the more recent programs of the National Institute for
Occupational Safety and Health (NIOSE) has focused on hazard
control technology as a means of protecting workers from the
effects of exposure to occupaticonal safety and health hazards.
This program is carried out by the Engineering Control Technology
Branch ¢f the Division of Physical Sciences and Engineering. It
complements other NIOSH programs, such as experimental toxicology
- research, identification and evaluation of health hazards, industry-
wide studies on the extent of occupational diseases and their
causes, and health and medical care management programs in indus-
try. The aim of our control technology pregram is to identify
and develop solutions to the controcl of health hazards, once they
_ have been ldentlfIEd and quant;f;ed by these other NIQSH programs

- In our concept, hazard control‘technology consists przmarlly of
four elements, all of which need to be considered and coordinated
for optimum hazard control. The first element is the design and
installation of good engineering controls. This, in our opinion,
is the major method of hazard coentrel. The second element is the
development and implementation of good work practices among the
workforce through education and training. Third, we feel that
a good hazard control program must have provisions for an ade-
© quate personal protective equipment program, that is, the choice
- of protective eguipment, its maintenance, and so on. The fourth
and final element is the use of environmental and medical monitor-
ing to measure the effectiveness of the first three elements of
the program, both in controlling environmental exposures and also
in monitoring the effects of the exlstent exposures on the health

- of the employee.

Certaln basic principles of hazard contrecl apply to almost all
work situations, even though strategic application of these
“principles varies from case to case. These control strategies
and procedures can be implemented at the source of the hazard--
that is, where the contaminant may be generated--in the general
work area of the environment, or, finally, at the point of ex~
posure of individual employees. Usually a well-planned, well-
operated control program includes control at all three of these
locations. (These concepts are described in detail in a paper
entitled "Controlling QOccupational Exposure--Principles and
Practices,” by James Gideon and several others of our Engineering
Control Technology Branch.)



One phase of our control technology program over the past several
years has involved the assessment of hazard contrel technology
programs in more than twenty specific industries, processes, or
specific chemicals, Assessments of the plastics and resins
industry, textile finishing plants, ferrous and nonferrous
foundries, silica flour milling, dry-cleaning plants, tire manu-
facturing plants, and pesticide manufacturing and formulating .

have been conducted., Our Control Technology Assessment (CTA) of
the pesticide formulating and manufacturing industry was carried
out under contract with Stanford Research Institute (SRI). The
Project Director for this Contrel Technology Assessment was _
Mr. Douglas Fowler, 'We carried out this project as a joint effort
between NIOSH and the EPA both in conduct and funding.

There were four major objectives of the NIOSH in-plant assessment.
First, we wanted to document effective engineering control tech=
nology that pesticide manufacturers and formulators are using to
control worker exposures. The second objective has been to assess
and document other hazard control techniques, such as good work
practices, protective equipment, and monitoring programs that
have been effective in controlling worker exposures. A third
objective of this particular study was to identify and define

the operations, processes, -and procedures that have not yet been
completely or adegquately controlled by engineering techneclogy.
These, we feel, are areas where the industry and NIOSH should jein
in cooperative efforts to develop engineering research and devel-
opment projects. And, f£inally, our goal has been an attempt to
produce a control technology deocument that will be useful to the
industry as a set of guidelines for the selection of effective
engineering approaches, work practices, protective egquipment,

and monitoring programs.

This assessment was conducted in three phases. First, specific
pesticides were selected for study based on production volume,
physicochemical and toxicology characteristics of the pesticides,
and the types of unit operations and chemical processes involved
in their manufacture and formulation. Such factors as vapor
pressure and physical state under normal ambient. conditions and
major routes of exposure were considered, since the degree of
hazard is usually dependent on such properties. Of the original
list of ninety-two basic pesticides produced in quantities of

two million pounds per year or more, a group of forty-three chemi-
cals were selected to represent the variety of active ingredients

. and formulations to which workers may be exposed. This group in-

cludes the majority of commerical pesticides for which there are
indications of potential chronic effects and environmental insult,

~including suspect orx known carcinogensg, teratagens, and mutagens.

The second phase of this study involved the selection of plants
t0 be surveyed in order to evaluate the performance and effective-
ness of selected engineering control systems in relation to the =
specific chemicals and processes involved. Twenty facilities
were surveyed in depth by representatives from SRI and NIOSH

- jointly. Of these, three facilities were manufacturers of
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technical-grade products, nine were formulating plants only,
“and eight were plants that carried out both manufacturing of
technical-grade material and formulation operations. Topics
covered in the survey included process descriptions, building
designs, maintenance programs, engineering control, industrial
hygiene procedures, and area and personal sampling strategies.

The third phase of this project was the preparation of a final
report to serve as a guideline for principles, practices, and
application of practices for hazard control in the pesticide
industry. This report was prepared from information and data
presented in the specific case study reports. The identity of
companies, plants, and products was held in confidence, so that
data obtained could be as usable as possible., Where apparently
plausible technology had been tried and found to be unsuccessful
or inadequate, the causes and circumstances for such failure
were sought from the company so that research and development
programs could be instituted, Problems for which soclutions have
not yvet been found were also identified as research needs, with-
out reference to any specific company.

We hope that the findings and conclusions of this study, plus the
additional information presented by our panel of speakers, will

. be of value toc you in the definition and solution of some of your
occupatlcnal health and safety and environmental pollution prob=

lems,



EPA-CTA: SCOPE AND OBJECTIVES
Richard Sterm
Chief, Chemical Process Branch, EPA

I have only recently?become involved in the pesticide industry,
and as a "double agent," I welcome the opportunity to become
more familiar with the industry, the companies, and the people.

My branch's activities relating to. pest;cldes, in addition to
what I am going teo talk about this morning, is in water treatment,
treatment technology, treatablllty of liquid waste and pest1c1de
residuals in several concentrations, and alse in englneerlng
analysis of hazardous solid waste. A number of your companies,

I am sure, have been contacted by the Q0ffice of Public Relations,
and some of my branch people as well, regarding tth solid waste

study..

“In early 1978 EPA and NIOSH entered‘into an interagency agreement.
It had as its objectives joining forces and sharing expertise and
funding in order to come up with an assessment of capabilities

of current control technolegy practices. Paul [Caplan ] has already
spoken about the scope and objectives of that task, and I won't.
discuss it here. Doug Fowler will be following me with a dis-
cussion of the status and results of that study, s0 I won't dis-
cuss that aspect of it either. Rather, in the brief time avail-

" able, I will discuss EPA's objectives and any potential Joxnt
activities between us. ‘ ,

Bear in mlnd that when I say EPA, I am actually referring to the
Office of Research and Devélopment, rather than the regulatory
side of EPA. I am strictly interested in research and develop-
ment of control technology. :

In many cases, control technology that assumes full protection of.
occupational health may also achieve environmental health protec-
"~ tion, Our objective, then, was to determine the state of the art
- and the adeguacy of existing technology for controlling toxic
airborne substances in the managing, formulating, and packaging
aspects of the pesticide industry. The information was to be
used as input in the development of research and development
priorities, so that improved cost-effectlve controls could be
made avallable, if necessary.

Additionally, and more 1mportantly, rhis-type of inforﬁation,
along with economic data, could provide potential regulatory.
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processes‘and lead to reasonable standards. Of course, this
basic objective could be applied to any lndustry and the end uses
would be essentially the same.

Let me stress that, all things being equal, industry benefits from
these interagency activities in that the approaches are coordinated
(as it was with EPA and NIOSH), and industry is not subjected to
unnecessary duplication. Groups are not constantly coming in o
sample and analyze, so this is a benefit. The results are con-
sistently applied, and the end result should be that industry does
not wind up subjected to conflicting requirements.

One interagency activity of interest concerns the development of
an airborne carcinogenics policy. The Interagency Regulatory
Liaison Group (IRLG) is deeply involved in this activity, and
includes agencies such as EPA, FDA, OSHA, Consumer Products Safety,
and others. They should look at the same data and, I expect, come
up with a specific policy and approach to any regulatory course of
action.

The carcinogenics pelicy study was, I believe, proposed in October
or November 1979. A special hearing was held in April 1980, and
as of today, the comment period is still open. The earliest I
expect the policy to be promuigated will be spring 1981.

I anticipate that the airborne toxids policy study will probably
follow the same course of action, although the agency is not now
actively worklng ‘on an airborne. toxics pelicy.

For those of you who would like to read more about carcinogenics
policy, there is a fine article in the Journal of the Air
Pollution Control ASSOClathn, April 1980, entitled "control of
Alrborne Carcinogens," tYou might be able to extrapolate from it
to get a feel for how the EPA and the ILRG may approach an air-
borne toxics: policy.

During the course of the\Symposium, I hope to learn more about
the pesticide industry and about those of you with whom I may
have an opportunity to work.



SUMMARY OF FINDINGS AND RECOMMENDATIONS OF
CONTROL TECHNOLOGY ASSESSMENT (CTA) OF THE PESTICIDE INDUSTRI

Douglas P. Fowler
Senior Industrial Hyglenlst, SRI Internatlonal

This project was a joint effort between NIOSH and EPA, and was
carried out at SRI. The two project officers for NIOSE were Paul
Caplan, who was responsible for the final report production and for
much of the effort, and James Gideon, who did the initial work.

For EPA,,David,Sanchez had responsibility during the latter porticn
of the project, and the initial work was. started by David Oestreich,
both of the Industrial. Env;ronmental Laboratory. I was Project
Unit Leader for SRI. ‘ :

I had a lot of help from people who are truly knowledgeable in the
pesticides industry. Particular thanks go to Henry Staaterman,
consultant at SRI, whe gu;ded the investigation from the perspec-
tive of his extensive experience in the industry. If I had to work
in a pesticide plant, I would like to work in one that had been de-
sxgned by Henry Staaterman. Benjamin Gikis, of SRI's Chemical
Engineering Laboratory, prov1ded chemical engineering expertise
and is responsible for the air pollution control technology portion.
Dale Coulson, who was the first man to demonstrate the feasibility
of analysis of pesticides, was responsible for the analytical sup-
port.. And, finally, it was important for us to understand the
structure of the industry. Oscar Johnson, who retired as Vice
President for Research from FMC Corporatlon and had been bench
chemist and a sales representative in the pestlclde industry for
twenty-£five years, was responsible for the econom;cs and the Ln-
dustry structure information.

" We set out to document and evaluate control technology to determine
the research and development needs within the industry to control
worker exposure to, and air emissions of, chemical agents in pesti-
cide manufacturing and formulating facilities. We also wanted to
produce a set of guidelines. . (The study was not intended to pro-
duce a "design manual,™ but to indicate what general approaches
were found to be useful -and practical in well-operated pesticide
‘plants with successful worker.and envirconmental protection programs,)
Finally, we wanted to put enough information in the document so
that the regulatory agency people--state, federal, and local--would
have some understandzng of the problems faced by _the industry -and.
of the partzcular and unigue set of requirements for control tech-
nelogy in this industry. As with’ -any effort that's a compromlse,
we were not completely successful in all of our goals. We did

not present a document that was g01ng to be a substitute for a

.9



course in industrial hygiene or environmental engineering or
pesticide production or chemical engineering. I hope that we

were able to present the salient points that are of greatest im-
portance, and to provide enough information to permit a knowledge-
able person with a reasonable technical education to go on from
there. . .

The project was accomplished“in three major steps. First was the:
selection of pesticides and the manufacturing and formulating
plants to be studied. Second was evaluation of the performance
and effectiveness of selected engineering control systems in rela-
tion to the specific chemicals and processes employed. And third
was preparatlon of the final project reporte

To Ldentlfy effectlve control technology, it was necessary to
select specific pesticides to study and the plants in which they
are produced and formulated. The forty-~three pesticides selected
were all chemical (rather than biological) agents, and represent
the variety of active ingredients and formulaticons to which workers
may be exposed. They include the majority of commercial pesticides
for which there are indications of potential chronic health effects
and environmental insult. The groups studied were organochlorines,
organophosphates, organoarsenicals, carbamates, anilides, triazines,
and other nitrogen-based combinations. :

After identifying these chemicals for study, the plants where these
pesticides: are formulated and produced were evaluated. Plants
operated by companies known to be technically innovative and ad-
vanced were identified. Plants where large numbers of the selected
pest1c1des are formulated or produced were also identified.

The general top;cs covered.durlng the surveys were the following:
process description, building/facility design, maintenance pro- .
grams, engineering controls, and industrial hygiene programs.

Engineering controls involve monitoring of air, water, and soil,

and medical and biological monitoring of workers. The environment

should be safe without having to resort to personal protective

equlpment. Administrative controls cover training and work prac-

tices and education; they relate more broadly to the industry.

- We did not find any operations where engineering controls alone or

work practices alone were completely successful in reducing ex-

- posure to a m;nlmally acceptable level wlthout the applzcatzon of
personal protect;ve equlpment. -

The pest;clde lndustry is part of the 1arger organlc chem;cal
industry; the specialty chemical manufacturing industry. The in-.
. dustry structure is comparable to a pyramid: There are hundreds
of manufacturers, thousands of formulators, and millions of users.
. Pesticide production, as measured by consumption, is growing at a
steady rate of one-quarter percent per year. = Insecticides have
the slowest growth rate (less than one percent), while the fungi-
cides and. nematocides have the highest growth rate (seven to ten
percent).. The herbicide group accounts for forty-two percent of



total pesticide consumption, making it the largest group of
pesticides.

Pesticide manufacture is carried out in relatively few plants,
mainly in California, New Jersey, Pennsylvania, and Texas. Some

- seventy-four companies are actively involved in pesticide manu-
facture, at 139 plants. In general, a few pesticides are pro-
duced in each plant and a few plants,produée'each pesticide. Fif-
teen raw materials account for over sixty percent of the materials
consumed. In general, pesticide manufacture is done in batch
processes conducted at or near atmospheric pressure and at low
temperature (less than .l1500 Celsius). The end products are

unique (patentable) molecules.

Formulation labor is low paid and often transient., Costs of trans-
porting bulk material any great distance, and competition in the
industry, has led to reglonallzatlon. ,

As of 1975 there were approximately 3,400 firms with federal
registrations for the manufacture, formulation, and/or distribu-
tion of pesticides. The majority of these were formulators. Many
of the small firms have only one product registration and produce
only a few hundred pounds of fu..mulaied pesticldes each year. At
the other end, at least one plant that operated in the range of
100 million pounds of formulated product per year has been identi-
fied. The bulk of pesticide formulations, however, is apparently
produced by independent formulators operating ln the 'range of 20
million to 40 million pounds per_ year, - :

'Despite the competition that keeps profit margins at a low level,
there is currently a trend toward centralization, with large
national or regional corporatlons buylng and operatlng the smaller
flrms. :

A plant may be used £or a single product, or it'may make several
formulations of one or more pesticides and supply them in differ-
ent sizes. - A formulation operation may involve a change in active
ingredient, a change of physical state, or the addition of other
lngredzents.. Also, formulations may 1ncorporate addltlves.

You see a heavy preponderance of formulatlon plants in California
and Texas--in the agricultural states. The plants are close to
. the point of use, again due to transportation costs,

The bulk of pesticide packaging is-done by manufacturers and, more
often, by formulators. The services of custom packers are also
. used.:. Material may be packed for either intra- or inter-plant
tragsfer, or for. appllcatlon in agrlculture, 1ndustry, home, or
garden. : ‘

Health and safety exposure potential is great due to the limita-~
tions of the equipment available to packers, and also due to the
physical, chemical, and toxlcologlcal propertles of the compounds
to be packaged. . .

11
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Our selection of pesticides to study was based on production
volume, process chemistry, physical state, human toxicity, and
potential hazard. Note that I have differentiated between toxicity
and hazard. They are neither synonymous nor necessarily corre-
lated. Many hazardous materials are relatively nontoxic but can
still blow up, start fires, or do other bad things 1ns;de a plant,
including make people sick. Toxicity is the degree of "poison-
ness, ™ or the way a material may cause disease in humans. "Risk"
can be defined as the probability of harm in the setting in which
a material is found. We selected pesticides that had a range of
toxicities,

Process chemistry was the principal dividing point for our selec-
tion. The pesticide groups that we studied, and that were men-
tioned earlier, did represent a broad range of acute and chronic
toxicities, physical types, production processes, and formulatlon
processes.
The first criterion for plant selection was that the plant pro-
duced or formulated the pesticide or pesticides we were interested
in. We sought out plants that had good reputations within the
industry and that were representative ¢of the characteristics we
were seeking. It was also desirable that the plant produce or
formulate a large number of pesticides so that we would be able
~to obtain information as broad-ranging as possible. Finally, the
plant had to be willing to cooperate, for the surveys were all -
done veoeluntarily. }
Our survey sought,tozgain information on plants, including a
description of processes, building and facilities design, mainte-
- nance programs, engineering controls, and industrial hygiene and
environmental control programs. We could not get this informa- -
tion in the kind of detail we wanted for all the plants we sur-
veyed. In scme cases plants did not wish us to evaluate their
,'processes completely, as they were concerned with disclosing
) proprletary information to us. (Proprietary technolecgy is very
'~ important in the pestlclde industry.) Second, some Plants had
had unsatisfactory experiences with government agencies, which
led them not to want to cooperate, Third, there were some ir-
_ rational fears on the part of high=level program management as
" to the overall aims and goals of the project, many of Whlch have
been allayed by thls tlme.

[NiWe found ‘that the people who had successful health and safety pro-

" grams knew what they were doing. They knew the materials they

were using, they understood the pathways of exposure, they under-
stood the processes and the llmltatlons of available control -
methods. -

To institute their programs they applled "the gospel accordlng to
- industrial hygiene and environmental science." The programs - -
weren't out of the ordinary, but they were well integrated. 1In-'
plant and air emission controls were integrated. Material was

12



not pulled out of the plant and dumped outdoors without concern
for the environmental impact. Materials were not enclosed to
reduce air emissions without regard for worker exposure. Less
hazardous material was substituted for more hazardous materials
wherever possible. Processes were modified to reduce exposure
to emissions wherever possible. Emissions were not recirculated.
Material was enclosed, and processes were isolated, if that was

the appropriate course.

In the occupaticnal environment, ventilation was appropriately
applied, and local exhaust ventilation was used in preference to
general area ventilation. Administrative controls were well
integrated in the control programs as adjuncts to engineering
methods. This included prohibition of unauthorized entry in
designated areas, requirements for hygiene practices, requirements
for personal protective equipment, and requirements for disposal
of hazardous wastes in secure areas.

In the area of emissions control, hazardous toxic materials were
destroyed where possible, or, if that was not possible, reduced
in concentration to the point where the emissions were no longer
a problem, If they could not be reduced at the source, stacks
were used to dilute the material and reduce its impact on the
surroundxng environment.

Plant design and retrofitting is cne important way to incorporate
controls. It is difficult, if you have an existing formulating
plant, to do much about plant design. But, where possible, the
principles of good design should be applied.

Compartmentalization is one safety and health design measure.

Keep dissimilar materials, and materials that cause problems if
they interact, separate. Do not compartmentalize, though, to the
point that you are setting up a bomb--for instance, a machine room
where solvent emissions can rise to explosive levels. Use control
rooms to0 keep pecple away from processes and away from chemicals,
but make sure they can get out of that control rcom and that they
are adequately protected while they are in it. ‘

In effective plants, the crucxal systems--the life support systems
of the plant--were backed up. Maintenance was easy and safe.
There were no pits where vapors or liquids could poocl.

For good emissions control, stack height should be at least 1.3
times the building height. . Intakes should be placed upwind
where possible, if there is a prevailing wind. Intakes should
‘not be placed on the side of the building where materials can
sweep back around.,

Flgure 1l shows an example of how to make malntenance a little

- easier. With any T header that comes off the exhaust system,
put a little plywood door on each end of the T, take a piece of
hose, stuff it in, and use the hose for cleaning cut the T, You
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can use it for local exhaust ventilation if you have a spill:;

you can use it for a manway exhaust system over a reactor or a
blender. You can have a number of these and not need to size

your blower for all of the systems; rather you can use this inter-
m;ttently throughout the plant as you see the need.

Process control is the most important thing=-=to understand the :
process and the materials that you are deallng with and the vari-

ability of the process. While automation is one good way to avoid
exposures, you should have provisions for manual override of the

automated system so that operators will have control of the plant

if something goes wrong, not vice cersa. The rule is, things

should fail safe. :

Quality-control sampling in process control can be a source of
dermal and inhalation exposure. One way to minimize the risk is
by careful batch ingredient control; another way is to enclose
points of sampling and make them remote. Figure 2 shows a side
view of a quality=-control sampling box. With this methed, you

can poke the needle (which extends to the pipeline, not shown)
through the septum and into the process stream, take it out, close
the ball valve, and remove the sample container to the point of
analysis. This greatly reduces opportunities for exposure.

B

Unlcading incoming containers of pesticides and formulation in-
gredients can be another source of toxic exposure or toxic emis-
sions. If the pesticide is made and formulated in the same plant,
it may be possible to simplify. However, this is not usually the
case. Again, successful operators set standards and enforce them.
If possible, standards are set for containers. Operators insist
on clear, positive identification of materials. They insist on
material safety data sheets from chemical suppliers, and details
of other process-related instructions were available to the
operators who were responsible for the plant operations.

With liquids coming in in tank cars or trucks, it is good practice
to connect the vent space on the car or truck with the receiving
vessel or storage tank, thus eliminating much vapor loss to the
atmosphere. And if recovery is not possible, vapors should be
vented to appropriate treatments. In general, drums are lightly
built, and emptying by pressuring, whether by gravity or pumps, .
is risky. 1In addition, pressurized lines such as those downstream
of a pump can rupture or leak with consequent exposure.

With solids, formuldtors must be on guard to prevent dust explo- -

sions. Bin vent filters are a simple way of reducing exposure that

may occur as a bin is filled. Containers should be opened in a
controlled environment. ' T

-Liguids requiring bulk storage include raw materials, in-process
materials, and finished products. Flammable or toxic¢ material
storage should include these features to minimize emissions and
exposure: a containment dike, double walls, a vent to a pollu-
tion control device (scrubber, carbon bed, incinerator, and so
on), a remote or noncontact level indicator (but beware of gauge

15
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glasses), a high-level and a low-level alarm, and vapor balancing
for filling and transfer operations. Separate the flammable
materials from the toxic materials. In this way you minimize the
danger of toxic exposure for people in the plant and in the sur-
rounding areas. Nitrogen blankets and caps appear to be frequently
used in the industry.

We were talking about the problems of getting material into the
plant. Now we will discuss solid storage systems. Pesticidal
powders are "difficult" for .a number of reasons: They compact
easily; they can be toxicy they may be corrosive; they may be
exp1051ve when dlspersed in air, they are easily degraded so that
the active lngredlent is removed

The usual p:oblems related to flow exist too--that is, you can't
move material from one place to another, or it moves too easily
from one place to another. You have bridging and ratholing.

One of the successf applications that we sgw in the industry was
the use of the Tot in and the Invert A BirN¥., You put the material
in the bin and move it in a contained package from one place to
another without having to worry about open-ccnveyors.and so forth.

. Material can be shipped long distances if necessary, since the bins
are lmpervlous to normal handling damage and do not leak if they

are well maintained. Manual handling is kept to a minimum. The
pesticide is well protected from moisture degradation.

In liquid transfer the considerations are vapor balancing, use of
adequate and appropriate piping and piping connectors, and valves.
In one plant they could not buy commercial wvalves suitable for
containment of the very toxic material that they were moving within
the plant, so they had the machinist reface the very best valves
they could buy commercially in order to get adequate sealing.

Two different views toward flexible connectors were evident during
the surveys. One very successful company held that they were in-
herently hazardous and removed them wherever possible, while.
another company, also with an excellent safety record, held that
flexible connectcocrs were the preferred way to deal with the prob-
lems of multiple pipelines for conducting different reactions in
the same process vessels. It is a matter of engineering judgment.

There are many systems for getting liquids: from one place to the
other. The preferred method will prcbably depend on the physical,
chemical, and toxicologic properties of the liquid, and on the
compatibility of the liquid with potential materials of construc-
tion. Gravity flow, pneumatic and hydraulic systems, vacuums,
blowcases, and pumps are all possible transfer methods. In our
- experience with people in the industry, gravity flow appears to
be the preferred choice whenever possible. There are potential
problems, however.  You end up with a lot of potentially toxic
. material elevated within the plant. In the event of a leak, the
‘material can spill onto workers. It is'a rare type of failure;
however, 1t is a valid concern. -
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Hydraulic or pneumatic transfer has advantages and disadvantages.
To transfer liquid from vessel A to vessel B, vessel A is raised

to a greater pressure than vessel B. The block valves are opened
and the liguid is allowed to flow from A to B.

The disadvantages involve controlling and disposing of the dis-~
placed vapor from vessel B and the gas used to increase pressure in
vessel A once the transfer has taken place. Recycling is rarely
used, especially in relatively small plants, because it is usually
more economical to treat and dispose of the vented gas.

Vacuum transfer of liquids can be useful. Ligquid flows from the
higher (atmospheric) pressure tank to the lower (subatmospheric)
pressure receiver. An advantage of this method is that hazardous
liquids are not placed under pressure, and any leaks will be into
the transfer line or vessel. The disadvantages include overfill

of the receiver, which in turn can contaminate the vacuum system
unless there is a trap in the line, and contamination of the vacuum
source by hazardous vapors, unless it is protected by an inter-
mediate condenser or absorber.

Blewcase systems appear t0 be used with some success. The blow-
case is generally a smaller tank than the feed reservoir. While
this figure shows a gauge glass to indicate liquid level, I do.
not recommend gauge glasses. Blowcase systems are useful for
highly corrosive or toxic materials. Ideally, a blowcase system
can operate on gravity flow. However, this require elevation of
the feed above the blowcase and the receiver. Disadvantages are
that the system is under pressure during the cycle, and, if a
vacuum source is required, there is a possibility that the vacuum
equipment and the system can be contaminated.

There are many problems with the pump. The greatest source of
leaks and exposure in a low-pressure (atmospheric) liquid pumping
operation comes from the pump shaft seal. (Seal manufacturers
generally provide good technical backup and assistance.,) Pumps
-used for transfer of heat-sensitive materials should be equipped
with a sensing device connected to an alarm or to a control that
will stop the pump .if flow is stopped due to plugging or a closed
- valve. There are numercus considerations to take into account
before using a pump system.

There are various solids movement systems, 1nclud1hg conveyors,
pneumatic systems, bucket elevators, and containerized transfer
methods : .

AScrew conveyors were generally preferred by the people we surveved.

Drag flight conveyors are generally unacceptable if the material
has any toxicity at all, because the cconveyors may require fre-

" ‘quent maintenance and repair, which increases the potential for

worker exposure. - Also, the channel in which the chain runs can

be difficult.to clean out. The vibration of v;bratory conveyors

_may 1ead to excessive dust generation.
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There are twe schools of thought on pneumatic systems. Positive
pressure can be more economical because of smaller quantities of
air or gas used and because of reduced ducting requirements. Nega-
tive pressure is preferred for toxic materials because leaks will
not cause emissions from the system. The disadvantage is that you
need a bag house or a receiver to collect the material. - If that
blows out, cbviously, you have problems.

Bucket elevators are most useful in dedicated service with slight
negat;ve pressure. Otherwise, the many moving parts to be main-
tained increase the risk of hazardous exposures and can be sub-
stantral sources of cross-contamlnatlon.

Containerized transfer may be best used where product volume is
small, where batch identity must be retained, or where the char-
acteristics of the material or the 'complexity or cost of contain-
erized systems dictate its. use. o

Size reduction operations, all the various sorts of mllllng, can
be substantial sources of problems within the pesticide plant.
Care must be taken against foreign objects in the feed, such as
pieces of metal, rocks, tools, or bottles, as they can cause
sparks and even fire in hammer millings.

Fluid energy grinding (Jet-o—MizeﬁQ is used after processing in
hammer mills to produce a finer product (the average particle
size is a few macrometers). air, gas, or superheated steam may
be used as "£fluid." S :

Other types of milling operations include paste or suspension
grinding. The grinding devices used are ball or tube mills,
stone mills, and sand mills. The threat of hazardous emission
from operating these devices is minor. Theée water used to clean
them can be stored for later formulatang use,.

The many size :separation operatlons in the industry include
screening and slfting, flltratlon, sedimentation, and centrifuga-
tion, . .

Screening and sifting can be potentially problematic. Those of
you whe have seen vibratory screens recognrze that if the boot
separates you can have a lot of dust in the environment very
rapidly.

With filtration, maintenance and cleanup of the rotary drum filter
are major potential exposure situations. The vacuum system is
ancther; it must be designed to insure proper disposal of vapors
from the filtration process and safe cleanout and maintenance.

Centrifugation is a very useful technique. However, we did see a.
couple: of operations where there were nocise problems in the centri-
. fuge area, particularly where hydraulic drive centrifuges were
.used. In specrflcatron of centrifuges, be careful that the poten-
- tial for noise: exposure is noted and that the suppller can assure
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you that you will meet OSHA noise standards.

The purpose of all this is, of course, blending. Batch blending,
which can be regulated from a control room, allows for great
accuracy in the addition of ingredients. $Solids mixing and blend-
ing includes these gommonly used commercial types: ribbon blenders,
Munson mills, Naut ixers, pug mills, twin=shell blenders, and
double-cone blenders. Covers, seals, and connections oa all .
vessels must be dust tight. Except for the Munson mill, the
blenders and mixers listed can be egquipped with heating/cooling
jackets to prevent the possibility of overheating, reduce the
probability of product decompositiocn or explosions, and reduce
worker exposure or injury.

Blenders and mixers for liquids are usually made of stainless
steel, or are glass-lined to prevent corrosion. Most liguid blend-
ing operations are batch processes, and they may present a mild or
extreme degree of hazard of various types--tox;czty, fire, and so
on.

Packaging, the last major operation at a manufacturing or a formu~
lating plant, is the area where exposure may be highest. There
are multiple sizes of packages, and multiple products to be put
into those packages. AaAnd these are manual operations where there
is great opportunity for exposure. We found very little interest
on the part of the equipment manufacturers in the problems cf the
small formulator or the toxic materials packaging industry in
general. ‘

There are dust emissions with solids packaging, ¢of course. Valve=-
top bags are finally being phased out; wherever possible these
should be gotten rid of. Open-top bags are easier to use and seal
better. Form, £fill, and seal (FFS) machines may be appropriate,
but they are difficult to use and difficult to install. You also
need more highly skilled operators to have success with this sort
of packaging. This area should not be entered inte lightly.

Drums can be filled relatively safely and easily. The operation
is usually semiautomated. We saw a successful application of a
Carter=-Day vacuum packer for £illing drums.

. Canisters can be filled successfully, but not without trouble.

In general,'material‘can‘Be moved intoapackages-by screw auger,
pneumatic, gravity, or vacuum methods. .’ (Pneumatic systems should
not be used in pesticides manufacture and formulation, in my view.)

In general, control of density is the most important aspect of
packaging; control should be applied close to the po;nt at whlch

. -material goes into the package.

aA not very fancy system ‘was made acceptable for packaging a hlghly
toxic material by ;E?roprlate use of personal protective equip-
ment. DuPont Tyve suits are used and changed at every break.
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They use, I believe, a Whiteca@ supplied air system. Although
the material was very toxic, they have had no overexposures in
the past year. This is a good example of careful control of work
practices and use of personal protective equipment.

There are many ways in which liquids packaging can be done success-
fully. Rotary machines, manual £filling metheds, and straightline
multiple £illing spout machines are all used, as are pressure
filling, gravity filling, and, to some extent, vacuum filling.

We did not see a successful and adequate manual liquid filling
operation in our survey, though I am sure one.could be devised.

Older £€£illing machines that use a vacuum have problems because of
the advent of plastic jugs rather than glass. You can't apply a
vacuum to a plastic jug or it will collapse, so instead of using
a vacuum to get the last little bit of material off the probe, it
will just have to drip. That means contamination. .

Having packaged the material, you store it for as short a time as
~possible and then ship it ocut. Pallet overwrapping with plastic
‘material (stretch wrapping or shrink wrapping) protects containers
from damage and spills, and protects the shippers and handlers as
well., In general, polyvinylidene chloride, used in stretch wrap-
ping, is more heat resistant than polyethylene, which is used for
shrlnk wrap.

-~

Warehouses should be c¢lean and”they should be easy to keep clean.
We saw some warehouses where all of the cracks had been epoxy
filled so that there were no opportunities for material to get
trapped. Forklift operators have to be trained and supervised
to ellmlnate " cowboy” behav10r.

The successful operations have developed close working relation-
ships with their local fire departments so that each knew what
the other was do;ng.

In air emissions contrcl, prbcesses should be closed, and, as
mentioned before, integrated with your industrial hygiene program.
Liquid and solid wastes should be properly disposed of and their
volume should be minimized by process design. Call for help if
you have trouble; don't rely on one single source of advice.

In general, emissions from manufactnrlng and formulation appear to
be under control. They are reponsive to conventional control
measures if they are properly applied. Figure 3 shows a good ex=-
ample of applying a control close to the source of emission. It
is a simple displacement system. An amine was transferred into

a charging tank, the vapors were passed through a simple carxbon
adsorption drum, and then the amine-free gases were released.

Substitution and process change are the first choices for gas and
vapor emissions control. Methods of control also included scrub-
bers, which were most preferred, and carbon adsorption, which was

21 , Y



49VYOLS WInd

(GHOSINAA) S
WNua ‘ -
 NOILJA¥OSaV¥ §5d00ud 0L .
., NO®HVD
. NODTYD

1ZZ'

: TOMINOD
%. LHOIIM \\

aindiI1

ANV
ONIDUVHD

" HYIHAFOWIV
- on sw9
" AT A-ANIHY ¢—

SASYD LNAA

SANVEL ONIDMVHD GNV ADVMOLS MInd WOdd SHO4dVA FNIWY J0 LNIWNIVINOD

£ TUNOI4A



the second preference. Thermal combustion methods were not used
as much as: I had initially expected. Flares were used; we saw
some catalytic oxidation units. : o

In the control of sol;d emissions, again, substltutlon, process.
change, scrubbers, and bag house filters were preferred. Success-
ful operators had made sure to minimize exposure by making the
bag change easy.

Settling chambers are not used much, but cyclones (inertial de-

vices) were widely used for product recovery. We saw a. successful
use 0f a demister for particulate removal. Waste disposal activi-
ties were very carefully mon;tored so that emissions did not occur

from the dumps.

To reiterate, in a successful operation you have to have an overall
program in which the nature of the hazard and the best methods of
controlling it are understood. Education and training of manage=-
ment and workers should be employed. Work practices should be
carefully monitored. Personal hygiene regulations must be en-
forced. Personal protective equipment must be effective against
the specific material involved. Maintenance and housekeeping are
most important, and finally, monltorlng--medlcal, exposure, and
emissions=-=-should be done.

Our report identified.eeveral areas where more research is needed:
in exposure and assessment research, personal protective equip-
ment research, engineering controls research, and research into

~ the pesticide industry in generxal. :

Under the heading of exposure and assessment research, studies .
must be done on air sampling methods. It is not generally possi-
ble to go to your friendly AIHA-accredited laboratory and have
competent analyses done on pesticide samples, either for industrial
~ hygiene assessment or stack sampling assessment. For some of the

more common pesticides, methods are available that have not yet
been properly validated. Pesticides are difficult molecules to
analyze, and this had impeded the assessment of exposure within
the industry.

Standards for surface contamination need to be set and should be

discussed more openly. Several companies that we surveyed have

internal standards for surface contamination that should be more
broadly used and dlscussed throughout the zndustry

'Vaporzzatlon of pestlcldes from fxlters is a problem for bag

houses and for air sampling methods. Apparently, even pesticides

of relatively low .vapor pressure vaporize when they are held on

- a filter surface for a long period of time. There may be some
interaction with the filter material itself and also local high

air velocities are probably at fault.

With regard to personal protectiVe equipment, permeation and pene-
tration testing for common formulations is needed for clothing and
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respirators. It has also been brought to our attention that there
is a need for "certified®™ breathing air purification systems. That
is, where one has a compressor with a filter adsorption medium and
so forth in the plant that supplies air for breathing, we do not
know how effective that system will be if the compressor is sub-
ject to a large release O0f a particular chemical. That needs to

be defined.

There are some research needs in engineering controls as well., We
got some good ideas during the course of the survey. Some of the
other control technology assessment surveys have come up with -some
good ideas, but we need an organized and regional assessment of
how to go about retrofitting an old plant to make it better. We
need to know what the general principles of retrofitting are,
particularly in the organic¢c chemicals industry, the specialty
chemicals industry, and the pesticide industry. You see Munson
mills and ribbon blenders all over the place. It should be possi-
ble to retrofit one of those to make it safe, so that you can mix
almost any kind of chemical in it.

. We do not know exactly how to do that. We do not know what the
emission rates are from sealing points. That information is needed
and should be available for all defined CDndltanS of the vessel

or the pipe that is to be sealed.

There are also some general needs for research within the pesti-
cide industry. We need substitutes for the o0ld Manufacturing
Chemicals Association (MCA) chemical safety data sheets. Current-
ly there are no adequate substitutes. MCA has withdrawn the old
ones and takes no further responsibility for them.

There are problems of information transfer which take the form of
. concerns about proprietary information and possible antitrust
liability if the industry should band together to provide this
information. These concerns clearly affected this survey in

that they affected what information we were actually able to get
in our attempt to make it available to the rest of the industry.

.Finally, research is needed into the economic viability of small
cperations. The "fancy gadgets" that I spoke of today work reason-
ably well for operators with large staffs and with competent on-
site chemical engineers. I 4o not know whether the small formu-
lator, the seasonal formulator, will be able to do an adequate

job unless he can control occupational exposures to an extent

that is not now common within the industry. It is pessible that
the small formulator will be a thing of the past, and the gquestion
to be considered is: Is this what we really want? Control of:
exposure and emissions can, in fact, be done without expensive
engineering systems if we are willing to pay careful attention to
the details of plant operation that I discussed today.

- =
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PLANT DESIGN AND LAYOUT-NEW PLANNING AND RETROF ITTING-
Renneth Bunkowski :
Fleld Engineer, Amerlcan Cyanam;d Company

My d:scuss;on will cover the basic design for plant layout and
equipment, and also design as it applies to plant retrofitting.

The flrst consideration of design is site selection and the layout
and development of the site. :

A basic is that the site should provide good in-and-cut transpor=-
tation by rail and truck. The land size of the site should be
large enough not only to supply current needs, but alsoc to accom-
modate any future expansion, and should be large enough to provide
a suitable buffer zone from plant buildings to the nearest property

line.

- Strong consideration must be given to the lay of the land adjacent
to the plant site, including drainage conditions. Would drainage
from the site enter ditches that lead to lakes, ponds, or streams?
This. is to be avoided, The ideal formulation plant site would be
in a rural area, or in a rural industrial park away from a resi-

dential area, with drainage contained in the area.

Another thing to consider in your site is weather. Air inversions
- and upsets in plant operation can generate nontoxic offensive

nuisance odors from the facility. Therefore, consider the pre-
vailing wind direction; try to build the plant in a location down-
wind from any inhabited areas. :

Considerations for sewer cond;tions are particularly important.
You should prepare a detailed study to determine the condition
of all effluent you intend to discharge from the plant to the
sewer, whether treated or untreated. This information will also
be necessary for discussions with municipal sewage treatment
plant people as well as other regulatory agencies. 1It's particu-
larly important in the design of your plant to select proper
. treatment equipment and plan the kinds of operations that will be
involved.  Operations should be prepared by listing all possible
chemicals that you will be emitting from the stacks (vapors,
mists, any kind of particulate). Consider what the physical char-
~ acteristics are, what the chemistry of it is, and the volumes.
~Volumes are very important. One of the first questions you'll be
" asked as you go about obtaining permits is how much you are going

to discharge. In some instances these details, along with com-
rpllance w1th local conditlons, may make the 51te uneconomlcal due
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to the excess;ve eguipment requlred to comply with those condi=
tions,

Determine the past use of any site you are considering. If it
was a chemical operation, a pesticides plant, or whatever it
was, do soil testing to determine if any persistent chemicals
are present. Aveid inheriting decontamination problems. Retain
those soil samples and analyses for your records. (This is par=
. ticularly important when you're purchasing an existing pesticide
formulation plant.)

In making: your plant site layout and grading, drainage should be
diverted to a central point through a collection pond--a lagoon=-
in such a way that all runoff for the site collects and is con=-
tained. The overflow from this point should be controlled. This
collection pond should be lined with clay or polypropyvlene liner
t0o aveid ground seepage that could enter and contaminate the sur-
rounding water table. Particularly after each rainfall, water
from this lagoon should be sampled and analyzed for levels of
contaminant, then treated as necessary before releasing., Analysis.
is particularly important during the spring thaw, as winter accumu-
lation may alsoc raise the level of the contaminants.

Consider paving all areas where any activity is carried on that

- includes handling of chemical compounds. The paved areas should
be curbed and should drain into control sumps. Examples of these
areas would include locations where dumpsters are located for
waste collection; drum and container decontamination, drum crush-

‘ing, or bag baling occurs; and where empty drums are stored.

Other areéas of particular importance are bulk raw material re-

- ceiving and shipping loading docks. Careful contrel should be

given to the front of any shipping or receiving loading dock.

Paving is needed at maintenance shops and in areas where equipment

is dismantled, cleaned and reworked, steam cleaned, or sandblasted.

In planning your plant building and layout, conventional metal
prefab or concrete block structures are suitable, in most cases,
for manufacturing and warehouse areas.

In froduétion areaé where there may be corrosive materials, apply
epoxy ccatings to all metal surfaces. Wall and ceiling design
should allow for flushing with water if necessary.

Substructures should be considered over raw material receiving
areas. Roof in rail and truck receiving points to allow off-
loading when it is raln;ng or to prevent wind from.blow1ng air=-
.borne dust. Cover docks in shipp;ng areas.

Cne factor that is always important--and that always seems to be
short--is headroom. Provide adequate headroom in all areas. Use
tower sections that will allow installaticn of tanks and equipment
at second and third levels to allow gravity flow of materials
through systems. For example, with a granular formulation. system,
elevate your granular carrier with a bucket elevator up to the
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weigh hopper; gravity into your mixer; gravity out of the mixer
to the screener; grav1ty into the bagglng hopper and through the

"bagglng scale.

This kind of installation can reduce your capital and maintenance
costs as well as decontamination costs, and reduce the risk of

exposure for personnel.

Not purchasing an elevator that costs $15,000 (plus installation)
will enable you to purchase a lot of structural steel so that you
can provide second and thlrd levels, a one-time cost plus minor
future maintenance. ‘ :

Particular attention should be paid to the design of the floors in
the plant production and warehouse areas. Floors should be con-
structed of reinforced concrete with the surface sealed prior to
use with urethane or other sealant that will be able to withstand
the chemicals and solvents used in your plant. The entire plant
floor perimeter should be designed with a raised curb that will
contain any ligquid within the plant. The floors should be pitched,
allowlng drainage into grate-covered gutters that, in turn, drain
into controlled exit sumps so that you have control of all drain-
age or leakage within the plant.

There should be cons;gned gutters and sumps in each specific plant
production area and warehouse to isolate and recover specific
products. In this way, spllls can be recovered and recycled, or
treated for drsposal. : : : : ‘

Speciflc productlon areas should ‘also be isolated by dust-tight
partition walls and by curbs, to prevent cross-contamination of
products. Herbicide and insecticide areas should be totally
isolated with no connectrng doors or any type of cross-ventilation.
They should preferably be in separate buildings, or at 1east separ-
ated by a closed warehouse area,

One of your major Lnstallat;on expenses will be your tank farms.
Tank farms for storage of technical materials and solvents must
be protected by earth levies or concrete construction walls. The
preferred construction is poured concrete floor and sidewalls.
Sidewalls must be high enough to provide retention of the volume
of liquid from the single largest tank contained within that
curbed enclosure. A controlled sump should be provided in the
enclosure to collect any liquid from within the area to allow - -

-+ analysis and treatment before disposal or pumpout. In the event

'people need to enter a sump, sSuitable safeguards must be in place.

' The tank farm should be located as near as’ p0551ble to the formu-
lation area to minimize size and length of pumps and piping. All
piping should be flanged and welded connectlons, and careful
attention should bé pa:Ld to the gasketing in these flanges.
Generally, Teflon is the heat preference, but the main thing is
. to use a material that will withstand the chemicals you re trans—
ferrlng. ' 27
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It is good practice to install high-level limit/detector switches
that are interlocked with the filler pump to prevent overfilling
of tanks. Consider housing and heating sections of the tank

farm for protection from freezing or to prevent high viscosities
that forestall pump transfer in cold weather. Generally, main-
taining a temperature of 40=50° Fahrenehit is adequate. An
alternative would be electric or steam heat tracing of tanks and
in turn insulating them. This alternative is expensive and can
generate hazards if a product is heat sensitive. If this is the
case, agitation and temperature controllers would be required.

If tank agitation is required, jet agitators should be considered.
These units utilize the existing pump for motivation; they are as
effective as propeller units; they are more economical; and they
maintain a closed system. Conservation vent valves should be con-
sidered on all tank vents. If the tanks are housed the vents must
be extended to cutside the housing, be clear of building overhang,
and be at least twelve feet above grade.

- Where necessary, tank vents should be vented through dessicant

air driers in order to prevent moisture accumulation in the tank,
or through activated carbon beds in order to prevent odor emission
inte the atmosphere.

You always consider using closed loop venting when you have off-
loading from receiving tankers into storage tanks. Vent the tank
back into the receiving tanker to prevent emitting vapor into the
atmosphere. When outloading from storage tanks into shipping
containers, the same consideration should be given, Positive
grounding and bonding should be prov1ded on all tanks, piping,
and pumps. All electric unlts and wiring should be of explosion-
proof des;gn. " :

Internal.self-closing‘thermalmactivated valves that will close in
the event of over temperature, caused by fire or other high atmos-

pheric temperatures, should be considered on all tank bottom out-

lets. Local ordinances may require these units in some areas.

Aﬁtmslphon units should be considered and installed on all plplng
from the storage tanks into the process to prevent siphoning into
the processg }

Dlscharge plplng 1nto your storage tanks should be p051tloned so
that the liquid is discharged against the tank wall, or should be:
extended to the bottom of the tank. Piping should terminate not
more than six inches from the tank wall or bottom in order to
prevent a buildup of static electricity.  This practlce should be
followed on. all tanks, process, and storage.

| An. emergency plan should be developed to handle. major tank rup-

tures, fires, and ensuing water accumulation. Determine source
and availability of portable pumps and tankers to accommodate the
emergency pumpoff
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Consideration should be given to man-tight fence the entire piant
site for security purposes. Pay particular attention to securing

the tank farm.

The lunchroom/shower/locker room facility is best constructed as
an annex, or at least separate from the main warehouse and manu-
facturing building. This building should house the lunchroom,
lavatories, change rooms for entry and exit, lockers, showers,
laundry, and safety equipment decontamination area, as well as
storage for spare clothing and for miscellanecus safety egquipment.

The layout for this facility should include a walk-through path.
Utilize a split entry so that personnel can enter into an area
reserved for the removal of plant clothing and footwear. From
that point personnel should be able to proceed to the lavatory,
lunchroom, or the shower, which should be a one-way shower. In
other words, the exit from the shower should lead into the clean
room with lockers that contain workers' street clothing and clean
laundered clothing. Provide a bypass from this clean area to
allow personnel to change from their street clothing to their work
clothing and to pick up the requlred safety equipment before pro-
ceeding into the plant. _

The entry area should contain a foot bath to decontaminate footwear,

as well as a blotting mat, if the chemical you use is slippery when
it gets on the concrete floor. Pootwear decontamination and blot-
ting should always be done before removing footwear, or before
personnel proceed on into the lavatory or the lunchroom.

Cons;der plastic=-surfaced tables and chairs, meerVLOus and ea311y
¢cleaned, for all furnishings. Monitor laundry and hygiene equip--
ment wash unit discharges to the sewer for contamination, since
contamination is generally found in this waste at levels that re-
gquire treating._ A chemical injector unit can be used to treat the
discharge flow in conjunctlon with an activated carbon bed. Seal
or cover the floors in all areas with an impervious material to
facilitate cleaning and not trap contaminants.

‘When dealing with your formulation equipment and ventilating sys-
tems, design for environmental control is always of prime impor-
tance. A ventilating system is one of the most important systems
in a plant. Detailed layout and engineering studies should be

done in order to assure that the system is adequate and covers all
areas and all units within the plant. Experience has shown that

a large percentage of operating plants have inadequate ventilating
systems, with the greatest weakness belng inadequate capacity of
air-handling blowers and undersized air ducts, as well as deficient
-.collection hoods. - As part of the detailed planning and engineering

.- for new or already completed systems, mult;ply all completed cal--

culations for air volumes required and for main trunk lines by a
factor of 1.5.: This will allow for inherent errors in calculatlng
friction losses, pressure drops, and other accumulated losses in
the system, as well as providing for future minor additions.
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Ventilating equipment for a typical formulating plant (granular,
wettable powder, liquids) would include: a blower for air
handling; air duct collection hoods; bag house dust collector:
activated carbon odor control unit with pre-filter: discharge
stack; and a central and portable vacuum cleaning system.

Straight 6: radial-blade fans are generally considered the better
unit for blower systems because they provide good statlc pressure
and are less likely to plug or go off balance.

Air ducts and hoods can be of standard metal, fiberglass, or
plastic, depending on the temperatures involved. 1Install control
dampers at all duct and hood inlets to contrel air entry or to
close it off, All duct joints should be well sealed to prevent
bypass air entry. Generally, transport air velocity within the
ducts should be maintained at 2,500 to 3,500 fpm; w1th heavy dust,
it should be maintained at the hlgher veloc1ty.

Malnta;n;face velocity at work/control hcods at a range of 150 to
200 fpm. Use local judgment to design the hoods and control your
air velocity so that you maintain capture velocity yvet do not educt
product into your transport lines.

‘Bag house dust ceollectors manufactured by any number of firms are
adequate. Generally an air-to-cloth ratio of four or five to one
"cfm per square foot is adequate. With heavy dust loading you would
need the one or two to one ratio.. These units must always be in-
stalled so they are maintained under a negative pressure; that is,
the fan must be installed on the exhaust side of the collector to
prevent the unit from being under<gfessure and airborne dust from
escaping. Standard bags of Orlen Dacron ®, or needled felt

are adequate. Again, temperature should always be considered.

When installing these units, consideration should be given to

" 7 epoxXy coating and sealing off all crevices on the interior sur-

faces of these bag house dust collectors. This measure will greatly
reduce your cleaning time and the risk of cross-contamination when
changing from one product to another. -

- Select units with large access doors for bag removal and cleaniag,
and with minimum obstructions inside in order to reduce personnel
exposure during cleanlng and malntenance.

I1f your}system is used altermately for different precducts and
requires decontamination from one product to another, a set of
bags should be dedicated to0 each product. Remove the bags and

" store them in a sealed container until that product is produced
again. " 'The cost of these dedicated bags will be cffset by the

. reduced labor for cleaning, or the disposal of toxic waste gene=-
rated by washing, and will als¢ greatly reduce personnel exposure.
~Vacuum clean the interior of the unit, and recycle your collec=
tion. If a final liquid wash is requlred, initial vacuumlng will

have greatly reduced your toxlc generatlono
O‘ -
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' Discharge c¢f c¢ollection from the bag house should be via rotary
air locks, and discharge should be into sealed conveyors or con-
tainers that are under negative pressure to prevent emission.
If discharge is into drums, the collection area also should be
housed under negative pressure, in a hooded area, for example,

Consider dual dust collection systems as well as a dedicated bag
system to reduce toxic waste and employee exposure from cleaning
the units. In a dual system, one system would control toxic
sections and the other system would control nontoxic dust. The
priority is to reduce any dust generated as well as to isolate

- toxic and nontoxic dust. For example, if you are dealing with
granular products, prescreen the incoming carrier to remove ex-
cess fines and oversize. By doing this, toxic waste can be re=
duced and technical recoveries can be improved.

Install activated carbon odor control units downstream from the
bag house dust ccllectors to control odor emission. Prefilters
should always be installed ahead of the carbon unit to remove
particulate. This acts as insurance against bag failure in the
bag house. Dust will collect quickly on carbon, blind the carbon
surface, and reduce activity and service life. Give careful con-
sideration to selecting the size of an activated carbon unit so
that size is close to optimum. Residence time of air across the
bed is important for proper removal cf odors, and carbon bed
thickness should be from four to six inches. Deeper beds cause
high pressure drops and require very high static pressure fan
units. Fans should be installed on the exit side of these units
so that negative pressure is maintained on the housing. Many
commercial units that are being marketed are not acceptable, as
they do not give adequate control for the pesticides industry.

- The weaknesses in these units include not enough bed thickness
(generally only cne and a half to two inches) and, the greater:
problem, the fact that the air turbulence vibrates and packs the
carbon, which then settles. This permits voids in the carbon at
the upper levels in the trays, and air bypasses the carbon. You
" also find leaks in the gasketing around trays, again allowing air

to bypass the carbon. Many in the industry find that by construc--

ting their own units they avoid these weaknesses. These units are
mass-carbon-filled, have no individual trays, and provxde a head
of carbon that allows for settl;ng but allows no air to bypass the
carbon.

It may be necessary to change your carbon bed when changing from
one formulation to another. The odor units absorbed from cne
formulation may be displaced by units from a succeeding formula-
tion, and carbon beds cannot control. th;s. they are not a cure-
all. Some emissions will require wet scrubbers to remove. toxic

. emissions. Consult with your carbon supplier as to the capabili-
. ties of the carbon and the correct grade or mixture of grades
that will- be suitable for your conditions. _

Final air exit from the ventilating system should be through a
stack, with the top qf the stack high enough so that tops of
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nearby buildings are cleared to prevent downdrafts. 1It is
generally considered good practice to install stacks forty to
sixty feet high in any case. A jet diffuser can also be installed
at the stack exit to diffuse and dilute the discharge in the event
of an upset in the system.

Central and protable vacuum-cleaning systems should bé considered
both in production and in rework/repackaging areas. Supplemental
portable cleaners should be available for use in cleaning equip-
ment in remote areas. Portable cleaners must also be equipped
with absolute filters at the exhaust. An alternate plan, if
conven;ent, ls to vent them into your existing dust collectlon
system. ™ :

Env;ronmental control and safety should be considered in selecting
and installing all plant formulation equipment. Eguipment layout
and design should provide access and reasonable entry for decon=
tamination and maintenance. Layout and design should provide
tight enclosure that will allow connection to the ventilating sys-
tem so that negative pressure is maintained within the unit, or it
should provide hoods to control potential emissions. Prevent ex-
cessive air flow through the units by minimizing openings on all
equipment. For example, provide covers on tank manholes to reduce
air flows. In the case of odorous materials, the less air passed
through a unit, the less odorous air is generated that will have
to be treated. - In all cases, design for minimum air flow through

your equlpment.

Avoid using rubber or fabrlc belt conveyors wherever p0551ble be-
cause they are difficult to decontaminate and house, and they can
generate waste. Instead consider using removable cover design
screw conveyors. They are easily sealed, dust tight, convenient
to decontaminate, and can be used te convey most dry materials,

- including granular clay. Granular materials will not be degraded
if proper screw clearance and auger speed is used. Air-veying
and drag conveyors provide good emission control, particularly
with dust. Use flat wire belting on bag and container conveyors.
Installing catch pans under these conveyors will trap any product
that is spilled and falls through the open belting. This is par-
~ticularly important in areas under bagging scales or fillers to
collect misfires and prevent product from getting on the floor.
In generel. collect and recycle product at all leaks or sifts.

Consider installing dedicated systems for specific high-volume-
products. to avoid decontamination and generation of toxic waste.
Consider using electronic scales in all systems for weigh hoppers,
and scale mount all liquid formulation tanks. Use scale electronic.
control terminal‘accessories_to interlock pumps, mixers, conveyors,
and so on, with the scales to prevent upsets in formulations. -
Interlock will- prevent double charging, or fallure to charge unlts
altogether,_, !

"
Rework systems enable you to dump back off-spec material from
formulations, as well as customer-returned products, both liguid
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.,and dry

‘Provide a liquid plant equipment and drum/pail decontamination
~gystem. This system would include a portable high-pressure wash
unit to wash and flush tanks and equipment; storage tanks to hold
reclaimed solvents; storage tanks for premixed decontamination
liquids; a contaminated liquid waste treatment tank; an activated
carbon wet treatment unit; and a . three-station drum/pail decon-
tamination system.

Decontamination procedure uses solvents or other'nontoxio liquids
for primary and secondary £flush, followed with a decontamination
liquid-=-caustic or other as required. The primary and secondary
gsolvents, or other liquids, are reccvered, stored in the reclaimed
_solvent storage tanks, and used in subsequent formulations of that
proeduct. Final decontamination liquids would be collected, treated,
and properly disposed of.

The three flush stations of the drum/pail decontamination gsystem
are the primary, secondary (solvent), and final (caustic or other)
flush. The liquids would be recycled for formulation and treated
as previously described.

The drum flushing station should be hooded and exhausted through
the ventilating system. Wire cloth filters that can be cleaned
and reused should be considered over throwaway cartridge units.
Wire cloth units can be back~flushed with a solvent used in formu-
lation, and.then.the solvent can be reclaimed. :

All liquid piping should be of flanged and welded construction.

Pipe sections should be of a length convenient for dismantling and

cleaning, again, with proper gaskets in the flange joints. Pres=-

sure-relief valves of proper size should be installed in all pipe-

lines and tanks subject to pressure. Provide adequate safety
venting when handling organic dust. -

Pumps need mechanical shaft seals, and the seal area at the shaft
should be shielded to prevent leakage from being centrifuged into
the work area. Leakage can be collected, and £locor contamination
can be prevented by installing a drip collection pan under the
pump shaft seal. On heated vessels, temperature control valves
and over temperature alarms should be installed.

Liquid CO2 or other inert gas systems should be considered, if any
formulations require cooling or inert atmospheres.

Install grounding, and bonding, if transfer takes place, on all
tanks: and equipment. This is particularly important when formu-
lating and packaging products classed as flammable, when filling
plastic containers, and also if you have wettable powders going
into plastics. All electrical equipment and service lines should
be of explosion-proof design, including the lighting.

It is‘important that ventilation be controlled in warehouses. Wall -
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or roof fans are convenient to exhaust the building after

f:been closed over the weekend, or in the event of an upset

wise, gravity roef vents are adequate. During normal ope:
open doors should be cantrolled.'_Open downwind doors, an

‘_ugwind doors° A 7 .




MATERIALS EANDLING AND TRANSFER
'Herman Schaller, Ph.D. s L
Managexy Mobay chemical Ccrpcration ‘

r‘will’speak'tcday about:cu:'experiences.and,philosophies in
dealingswith the prohlems,cf materials movement and transfer.

As I see it, five main types of formulations are in general use

in the pesticide industry. They are dusts and wettable powders;
spray and emulsion concentrates; conventional clay granules; liquid
flowables; and wettable granules. These five product types share
one common technical problem--the handling or transfar of materials
from one area to another or from one piece of equipment to.another.

- In any formulation and packaging operation, materials movement or
transfer can be broken down into five main areas: movement of
materials: to: the operation; charging operations; movement of
materials between pieces of processing equipment; packaging opera=
- thﬂS} and:mcvement of finished gocds to wa:ehcuses or'tc shipping~

»HOwaefenQineer-a faciIity*ce:tainly"dependsucn-the‘volume-of’a

- product or the types of formulations. A large-volume product lends
itself to bulk handling and to automation. However, the engineer—
ing of such facilities requires a lot of knowledge about product
behavior under varying conditions in order to choose the right
equipment and also. to he,able to apply and install therright con-

trol equipment._

In our cverall facility in Kansas City, we have installed 8,000

cubic-foot silos for the handling and storage of toxic or nontoxic

raw materials, as well as materials with undesirable properties
besides ‘toxicity.

" Such a facility lends itself to automated packaging; We have
chosen, for such a facility, to run the entire operation from
control rooms. In order to really be able to handle such materials
properly and to insure that proper materials transfer and proper
materials movement is possible before.we ~engineer such a facility,
we employ models.

.Bowever, these facilities are the exception,rather than the norm.
Normally, formulation facilities are mmltiproduct plants. This
. kind of facility requires: less sophistication in.equipment but
- more thinking in design. One of our first philosophies in the
design stage is not to make a distinction between insecticides,
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fungicides, or herbicides in terms of materials handling, dust
control, and so on. Since insecticides are generally more har
ful to people, and herbicides are generally more harmful to th
environment, we believe it's our job to‘protect both,

Let us turn to charging operatlcﬁs;" As I mentioned earlier,
charging of materials, toxic and nontoxic, is one of the main

of concern in a formulation and packaging operation, Certainl

we can solve this problem by using large volumes of ventilatic
But in doing so, we automatically create another problem farth
downstream at the point of treating the waste air. Remember,

normally up to ten milligrams of dust pass any dust collector

cubic meter per hour. Therefore, the more air we move, the la
the dust collector has to be, and also the larger the scrubber
any other secondary treatment device has to be. This demonst:
another general philosophy, namely, we are reluctant to solve

problem by creating another one. 1In order to deal properly wi
this question of charging, we think control of stray dust is 2
combination of proper design of control equipment and operatic
technique. - ; '

Figqure 1 shaws7an1130metric drawing of a charging hopper whict
use in our operations at Kansas City. This hopper is a piece
equipment with three different functions. In the middle is ¢tk

.xeal charging hopper. On the right side is a containment areas

where empty plastic bags are disposed of, and on the left side

'stray dust can be removed out of drums

This hopper, plus the associated blender which is inatalled £z
down, requires approximately 2,800 scfm of dust collector capa
for operation.- The—mainzventilation stream goes downward intc
blender, thus following the trend of the particles. Every ott
major dust cloud is drawn into the hoocd. We have provided slc
alr distribution plates which allow us to limit the amount of
necessary to achieve velocities of about 150 to 200 We r
guire that all incoming material, in drums or Leverpaks¥Y be pl
into a plastic bag inside the container. The bag must be lonc
enough to extend at least one foot above the top of the drum.

The dumping technique is as follows. PFirst, the operator move
the drum intg the half-moon area of the hopper and tips it foz
into the dump area. ' The drum is at approximately a 45-degree
from the vertical. In’ this position the top of the drum is ur
the influence of the ventilation system. Second, the operato:
moves the lid of the drum. Third, he unties the plastic bag s

~ pulls it over  the outside of the container and about a foot dc

from the top of the container. This is important since we war

to protect the drum from contamination. . I think once the drun
.contaminated you cannot handle the problem of cross—-contaminat

and of intoxication of people any more., Fourth, the operator
ends the container in the hopper over the lip and em%gies the

' contents of the drum. Fifth, he removes the Leverpak & drum ar
.- sets it to the left inside the hopper. Sixth, he shakes the ¢
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tents from the plastic bag into the hopper. Seventh, he rolls up
the plastic bag very tightly within the hopper and puts it into

a container located in the right s;de of the hopper, which is also
ventilated.

When the container on this right side of the hopper becomes full,
a lid is placed on the container and it is removed from the right
cabinet, under ventilation. A new empty container is inserted
intorthsghoppe:; Wsnhave»also.installed bag compactors in our
hoppers. ' However, the safety requirements for a bag compactor

are extremely difficult to: ach;eve and are not recommended without
extensive study. o AL

The operator's next task:is.to_push,the enpty drum\through the
tunnel on the left side. This tunnel is long enough for the ven-
tilation system to remove any é ay dust from these containers. A
lid is placed on the Levsrpak ‘before it is removed from the

bopper.

. With this type of design we can handle drums, Leverpaks@ and bags.
The overall approach leads to a virtually dust-free operation,

which helps considerably to establish a good housekeeping program..
But it's only possible if operators follow the instructions ex-
actly as they are given. Then the amount of ventilation prov:ded
is absolutely sufficient to do the job.

Let us move to anoths:'issus- materials transfer in equipment.
In light of the wide variety of types of formulations, this is
certainly a broad issue. . Therefore, I would like to offer you
some of our approaches rather than specific measures, so that the
information will be more applicable to other cperations.

Whenever we engineer a formulation facility, we try to accomplish
three main goals: use as few pieces of equipment as possible;
use gravity for materials transfer wherever possible; eliminate
waste as much as possible. These goals are somewhat interrelated
and.need,fu:ther clarificatzon.

The phrase "use as few pieces of equipment as pcssible can also
be expressed as "no equipment is the best equipment.®™ Most con-
venticnal systems for the production, for example, of wettable
powders use a bucket elevator, a pre-blender, a hammermill or
attrition mill for preparation, an after blender, an airmill,
another after blender, and packaging hoppers. Our system uses a
pre=blender fitted with a system for chopping the material, there-
by eliminating the separate mechanical grinding system. We have
only airmills. We think that elimination of mechanical grinding
equipment makes the entire operation safer. Also, we don't use a
bucket elevator.. .

To illustrate the use of gravity for materials transfer, I will
cite our facilities in Ransas City. Our wettable powder formu-
lating facility is built over four floors, or four cperating.

levels., Raw materials in the original package are moved to the
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fourth level by a frexght elevator. Dur;ng each processing stage
or step, the material is moved to lower levels by gravity. When
processing is completed, it is packaged on the first level. 1In
one step we use the airmill as a lifting device. I should mention-
here that this gravity approach holds true not only for wettable
powders or dusts, but also fb: liquid operations.

The use of a freight elevator to lift raw materials to the upper
level eliminates the need for a bucket elevator. This, in turn,
eliminates the need for ventilation of an elevator and also elim-
inates the resultant loss of material through dust collector bags.
In addition, all dust collectors for ventilation discharge direct-
. 1Ly into that first blender, eliminating manual handling or trans-—
fer lines. It is important to choose equipment and designs which
lend themselves to ease of cleaning with a minimum of waste.
Waste costs you twice. It is product you cannot sell, and it
costs. you for disposal. The disposal of our waste products has
become more and more difficult. It's almost impossible.

Ancther broad and difficult‘a:ea.té deal with from the standpoint
of dust collection and of wo:ke: exposure LS ‘packaging.

I would like to‘confine.mg-:emarks on. packaging to some aspects
of wettahle powder fillings. Most of these operations use auger
fillers. Some systems are scphisticated enough to use bottom=-up
£illing, but most are not. A significant amount of stray dust is
" generated by the fall of the powder from the auger into the bag.
Well thought out design of the ventilation system can remove most
of the dust from the area, However, the handling of overweight
and underweight bags becomes a problem..

Two systems are normally used to handle the overweight or under-—
weight bag. One is to seal the bags first and then pass them
across a checkweigher which will reject overweights and under-
weights, However, the question ‘then arises of what to do with
these bags.

The other system is to.passrthe open bags across a checkweigh
scale and adjust them manually. This also represents a problem
since a manual adjustment constitutes another "dumping operation,”
except on a smaller and faster scale than the charging operation.

Por the recycle of closed off-weight bags, I offer you an idea
which came out of our operations of form-fill-and-seal bags; so-
called pillowbags. PFigure 2 shows a simple ventilation device
which everybody can build. Two drums, properly ventilated, are
under this device. Both drums are lined with a plastic bag.
Closed overweight or underweight bags are taken tq one drum, and
the operator cuts open the bags in one drum, puts the product in
one, and puts the empty bags into the other drum. The product is
then recycled. By this method the gquestion of closed off-weight
bags and the exposure to people can be handled in at 1east a
routine and normal fashion.
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Somewhat easier is materials transfer into and out of formulation
areas. All raw materials purchased should be in containers that
easily fit your charging operations so that you will be able to
accomplish a dust-free charging operation with minimum waste.
Your purchasing group should communicate,you:-requ;rements to
suppliers. :

For example, as far~ea—finished'goods'are COncerned,_we have '
standardized on a 40" x 48" pallet for all of our finished prod-
ucts in cartons. In addition, we have standardized on 24" x 16"
cartons, with varying heights. This allows five‘cases~per‘layer
using an interlocking pattern between .layers. In addition, we use
a spiral stretch wrap system to protect the load, whereby the
pallet remains stationary and the wrap moves around it. This
.avoids centrifugal forces which cause separation of the cases

K whenever the pallet moves,. . ) _

Por the protection of.five—gallcn pails we use a pallet which is
approximately 35" x 46". This allows twelve pails per layer-with
no averhang, a loading which is also ideal for stretch wrapping.

‘ﬂ Shzink wrapping is an,alteznatxve to. stretch.wrapplng; and has

the advantage of a top cover. - It probably also protects the load
better. However, the safety‘aspects of shrink wrapping should be
ca:efully :eviewed.befo:ermaking-a,decision.

Let.me summarize. Eo:mulation and.packaging operations are comrv

‘plex- by nature, since they are almost always multiproduct opera-—
- tions. -There is no one single approach. to every problem. Bow=—
ever, the two specific items and the philosophies mentioned give
a relatively clear picture of how we approcach questions of work-
force and environment. So far we have been successful.

41




BLENDING AND FORMULAEING OF LIQUIDS AND SDLIDS
James B. Pace
EMC.Co:pqration

I am going to be talking about some of the problems we have run
into at FMC and the solutions we have come up with. In all the
studies and things we have to do, we have to be flexible, not
bury our heads in the sand, and question everything we hear. I
‘think many of the textbooks and engineering manuals can be useful,
but in the'pestlcide business we have to adapt them to what we are
doing.

I hava‘broken”my‘snhject down into-four basic topics: formulation
of liquids; blending and milling of wettable powders; blending of
impregnable powders; and.ventxlation and general areas applicable
to allxsystems o

Figure 1 is. a flow diagram of a typical 1iquid formulation system,
starting with the receiving of bulk raw materials and finishing
with waste disposal. No formulation line design can be considered
complete without taking the entire system into account. Receiving
of raw materials by railrocad tank car or by truck, were practical,
is preferable to ather methods. It is easier and offers less po-
tential fbr exposu:e.to hazazrds to receive-materials in bulk.

"It is wo:th noting that the bulk unloadxng area is contained, as
is the tank farm and the plant, so that spills can be cleaned up,
:ecycled or—decontaminated, and.disposed of rather than enter the
environment. ‘ . ,

When raw materials must be received in steel drums, it is better
to palletize them and move them with fork trucks than to try to
do everything by hand. A vacuum or gear pump attached to a wand
with a flexible hose is a clean and easy way to extract chemicals
from drums. It can be stored in a sheath when not in use. Pro-
vide ventilation to remove fumes. .

Dumping drums by inverting-them either manually or mechanically is
sometimes practiced. Unless care is taken in plant layout and
design, this practice can be hazardous and messy: Spills and
chemical exposure are difficult to contain.

The technicals are preweighed in a stainless-steel weigh tank and
then pumped to the batch tank. Ventilation is required at this
tank and any other place where fumes can enter the enviromment.
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When dry materials are added to a batch, it is usually done with
the pallet of material close to the dump area. The operator will
dump through a dump hood. Bags are carefully cut, shaken, rolled,
and placed in a drum, box, or plastic bag for disposal. Some
operators use automatic bag dumpers and waste bag compactors, but -
cleanup and maintenance of these units make them impractical in
most pesticide-blending operations.

In Figure 2, a bag hcuse dump hood combination is shoum above the
dump hocd. After the dumping operation the door will be closed,

the air flow cut off, and the bags agitated so that contaminants
will reenter the batch. A fume vent line from the tank is required.

Blended materials can be transferred through a pump and filter to
a holding tank that provides surge for the packaging operation.
Once material is transferred to this tank, the crew is free to
initiate subsequent batches. -

All tanks, hoppers, and sources where fumes, odor, and dust can
emit should be vented through a vacuum system. Emission can either
be exhausted or it can be treated with scrubber, cyclone, incinera-
tor, carbon filters, and so on, to minimize cross-contamination
effects. "Wastes and spills that cannot be reclaimed can be neu-
tralized with lime or caustic, pumped to drums, and hauled to a
’cont:olled landfill, for example.. -.

Figure 3 is a block diagram which shows a typical wettable powder
high=-energy milling system. Although more complicated than some
#nstallations, the principles involved are similar.

On the left is a liquid technical additive tank. The liquid hand-

ling gsystem up to this péint is similar to the liquid plant. The

dump hood shown here is for bags, drums, and so on. Again, bulk

diluent or technical adding systems are preferable to bags and

small containers. The screw conveyor is shown taking materials

~ from the dump hood td6 the elevator. This unit eliminates the
need for: an undesirable elevator pit.

The ribbon blender’discharges to the mill feéd bin where material

settles and is uniformly fed to the mill, On a high-energy mill,

material is air-veyved to a product collector where it is separated
from the air stream.and returned to a post-blender through a star

feeder. -

Selecting the right product collector is critical to favorable
operation of a high=energy milling system. Equipment vendors
sometimes quote these collectors with an air to cloth ratic as high
as or higher than nine to one cfm per square foot. For the fine-
grind materials usually encountered in pesticides formulating,
these ratios are closer to three tc one or lower. For flammable
and expleosive products, special considerations must be taken.

From the post-blender, material is. packaged in bags, drums, or in
whatever way the ma:ket requiresg,
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All equipment in a wettable powder grinding plant is ventilated
through a general ventilation collector.

Impregnated granules systems are similar to, but different from,

- wattable powder or dust-formulating systems. Large volumes of
diluent are generally used, thus making bulk material delivery
more feasible. These systems usually incorporate rotary blenders.

Technical is appiied as @ liquid and absorbed into the diluent.
A scalping screen is used to slough.off the waste fines, leaving
onlz‘the_g:anular p:oduct;r-rhe?material.isfthen packaged.

As impregnated granules are relatively fragile, equipment must be
used in the formulation line in a way that protects product gquality.
You are not doing any milling. Safety and health considerations
for this type of plant are similar to those enconntered in a dust
or wettable‘powde:,systcn.4;‘

In designing or upgrading a fo:mulatlng'plant, you should try to

do it on the basis that no special protective equipment or clothing
will be necessary. Formulating equipment should be sealed and dust
tight. Ventilation hoods and ducting should control dusts and
fumes. Walking, bumping, and thermal hazards should be aliminated.
Management must be committed to achieving this objective with ac-
tions and money. Only after the company has done all it can to
assure a safe and healthful workplace can the operator be trained
and required to work smart, clean, and safe. Without the sustained -
cooperation of both management and operator, no amount of engineer-—
ing will p:ovid‘a a saf"e- and desir’able workplaca.

Ebllow1nq are areas which are critical in alsambling'a good formu-
lation plant:

One is ventilation: Alweil;&eSigned system is the first insurance
against exposure, and the heart of that ventilation system is the
dust,collectoz ‘and fan.

Dust collectors come in three general types.  All have their place.
The shaker collector (Figure 4) is a good standby, which consists
of a woven bag stretched between a plenum and a boot. It is used
to filter contaminated air. Dust cocats the bag and forms what is
called the filter cake. As this filter cake gets heavier, it will
. cause the pressure drop across the bag house to increase until
eventually the fan must be- shut off. The bag is agitated, causing
the filter cake to fall out, and then the filtering process can be
repeated. These collectors should never be run at more than a ~
three-to-one air-to=-cloth ratio; usually a lower ratio would be
better. They are quite common and in. general use throughout the -
industry.

The air-pulse automatic collector is a second type and atyle of
- dust collector, consisting of a heavy felted bag rather than a
woven bag. It collects material on the outside. A timer-controlled
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- .air:blast blows the bag, causing the filter cake to fall off.

These collectors have become more popular over recent years, with

many manufacturers now entering the market. Suppliers frequently

quote them at air-=to=cloth ratios of nine to one. When sold under

this premise, they hold quite a price advantage over shaker-type

- collectors. . However, with the fine products handled in most pesti-

" cide operations, this nine-to-ocne air-to-cloth ratio drops to the
range of three-to—-one. These are good collectors for use as product

collects on the milling system, and so on. :

A thi:d, :elatively new type of collector on the market is one that
utilizes a paper cartridge similar to the air cleaner on your car.
It shows prom;se, but we.have not.tried one as yet.

In selecting a new collector for thzs hus;ness, one should loock for
something where the bags can be changed and where maintenance can

be performed without the operator having to get inside. Probably
the greatest potential for intoxication in the whole. plant is while
performing maintenance and replacing bags in dust collectors. Any—
- thing that can be done to reduce or eliminate this exposure should
be considered. : . _

Most basic information for ventilation design comes from the Hand-
book of Industrial Ventilation. However, a problem exists. The
handbook 1s designed for use in general industry, where the objec-—
tive is to remove dust from work areas and product and get it ocut
‘of the gystem. In most pesticide operations the intent is to save
and keep the dust. The finer the dust, the better the product.
Vast sums of money are spent to grind material finer.  Most hoods:
and practices, if used as designed in the manual, will put these
fines right in the bag house where they are of no value. There-
fore, use the hocds described there but adapt them to the needs

of the pesticide industry. Each applicationnwill usually require
its own,specificldesign. o

Most engineering manuals ‘on ventilation are written with the con-
cept that the smallest possible hood should be constructed using a -
minimum amount of air, and that the fan horsepower should be calcu-—
lated by the curves to just fit the system. A ventilation system
designed on this concept will usually be undersized, and the in-
staller will be forced to make all kinds of changes in order to
make an inadequate: system function as it should. Play it safe.

Use ample hood sizes and excess air in designs, and then add about
thirty percent extra to the overall air quantity and horsepower

of the fan. The system can then be balanced and will perform with
ample air. Also, modificatxons and addltions can be made with
minimal trouble...-“ . : : :

Figure 5 shows a.typical ventilation system w1th a total des;qn
pressure &rop of ten inches water gauge. If the system were de-
gsigned to operate with a bag house pressure drop of two inches,
everything is OK. But if the bag house pressure drop increases
to four or six inches, the hoods at the packers and those farther
- away from the fan will drop off and become ineffective.
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- FIGURE 5
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While talking about dust collectors, let's look at stacks. (See
FPigure 6.) Make sure they are tall enough to get the fumes up into
the air so that they can be dispersed and away from your plant.

It makes no sense to spend money to ventilate a plant if the stack
just blows everything back in. :

At this pcint, I wculd,like to stress the adverse effects of a
*Chinese rain cap" which you will see on some stacks. For some
reason, people want to use these things. By using ore, rather
than the straight blow=-through type of hood, a stack two feet in .
diameter with an exit gas velocity of 4,000 fpm loses forty feet
of effective stack'height.

We will now 1cok at. pressure releef deszgn. ' In order to relieve
pressure {and displaced air) on equipment and to keep fine dust
from the collector, this technique relieves pressure from the
packer to the bin, from the elevator and bin back to the dump
hood, and from the dump hood to the dust collector.

On the same subiject, lines coming from elevators, bins, and so on,
should be as large as possible, Six- to eight-inch lines are not
uncommon for this purpese. They should also be steep to allow
material to fall free as it settles out. Bends should be mitered,
as should takeoffs from the bins. Otherwise, material fallout can
plug the lineS'and.make them ineffective. ‘

Blast gates shculd.be usea.in vent lines fcr bslancing. There is
a tendency for people to: continue to want to use butterfly gates:
- for dampering. . The trouble with these gates is that they are
difficult to lock in place, and they will not hold up under con=-
ditions of relatively high static pressure.. ,

Plenums may be used in different ventilation hoods. Some poor

ones are shown in the General Ventilation Handbock. Dusts will
settle out in them, eventually causing them to plug up and making
it impossible to clean them out. The modified hood has the taper
come to the bottom slot so that tramp dust will fall out so it can
be vacuumed up, or the hood scraped clean by an operator.

Avoid using canopy hcods and others that have a tendency to pull
air past the operator's face. Instead, design hoods to pull con-
taminants down and away from the operator. .

Figure 7 shows a design for a bag dump hocd that should be con-
sidered. When;bags.ere.cut, an operator likes to stack four or
five of them in the hood. The bags are then cut to let the ma-
terial slide out intoc the system. Bags can be well shaken and
put into the empty bag hood for later removal from the bulldlng.
To. dispose of them' they can be carefully rolled, placed in plas=-
tic bags, drums, or cartons, or they can be compacted, tied, and
remove

If‘one dumps.begs and piles them on the:flocr, there is no need'
for ardump hood. Likewise, if one dumps a bag and must then
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FIGURE 7

" BAG DUMP HOOD

THIS BOOD WILL BE PRACTICALLY
SELF-CLEANING. . .
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remove it from the dump hood before placzng it into an empty bag
hood, he has defeated the purpose of the hood.

Curtains scmetimes help reduce the amount of air required in the
hood. Operators hate them, however, as they obstruct vision and
irritate the arms, With toxic materials, a minimum dump hood

face velocity of 200 fpm is desired, while 300 to 400 £fpm would be
preferred to assure the pickup of dust that may fall in front of
the hood. When the bottom bag is dumped, it can block the ventil-
ation of the front edge of the hood so that material can spurt
out onto the operator and onto the f£loor in front of the hoecd. To
stop this tramp dust, a pickup on the front side of the hood is
necessa:y

Uncont:olled makeup air will cause undesired air flows and currents
in the operating room and may cause cross-contamination. A two=- or
three-mile=per-hour natural, uncontrolled breeze can nullify the
best of hood and ventilation designs.

Figure 8 shows hdw—makeup air can be used to advantage if con~
trolled and designed into the ventilation system. The bad effects
of one system contaminating another in a room can be minimized.

Dirty and improperly cared for £floors are sources of much unwanted
plant exposure. Fork trucks can stir up dust on floors, and their
fans ¢can blow it around. Push brooms can stir up dust, as can
whisk brooms. Properly used vacuum cleaners, however, are good
ways to clean floors. Riding cleaners have their place in ware-
houses, hallways, and so on, but they have limitations. They re-~
quire constant adjustment and care, and are no goed in a dusty
environment because the—side.wheels stir up dust that cannot be
pzcked.up by the wvacuum.

Portable vacuums have their problems too. They are always in the
wrong place at the wrong time. Operators forget to dump bags,
hoses lay around and get damaged and dirty. They become tripping
hazards. The type and design of these collectors must be watched
closely to make sure toxic exhaust fumes do not reenter the work
area. The bag—-type collectors that sit on drums, although popu-
lar and inexpensive to purchase, are unacceptable for use in a
pesticide formulation plant. Vacuum=cleaning systems used in a
formulating room should be exhausted through the general ventila-
tion collector.

Floor washers have been used with success in warehouse aisles and
in some production areas. Their advantage is that they do not
stir up dust. Their disadvantage is that they require continual
maintenance, and the waste product must be disposed of in a- con-
trolled manner.

The only really acceptable method of cleaning a dry formulation
plant is a good, well-designed, installed central vacuum cleaner
system. ?his type of system is on call at all times. The hoses

54







. and tools are piped to the spill areas and are ready for the
operator to use when the need arises. It is easier and more
pleasant for the operator to clean up immediately rather than to
wait. This central system does not stir up dust or cause Ccross-—
contamination. The discharge can, in many cases, be reworked.
The use. of top hat separators: allows one central vacuum to be
used on more than one line and still keep the sweeplngs,separate
and.uncontaminated for rework. ‘

Pits a:e~undesirable;u-As-a:general precaution in. designing a
formulation plant, avoid them. They are always dirty and hazard-
ous. Workers don't like to enter them, thus they neglect their
upkeep and maintenance. Unsuspected fumes can accumnlate, causing
inhalation or explosion hazards.

Equipment on flat concrete pads, on the other hand, is accessible
for inspection and maintenance and can be kept cleaner. 1In general,
equipment kept this way is easier and safer to operate.

Don't put toc many production lines in one building. So-called
space utilization experts with eyes upon minimizing expense would
love to see four batch systems in a row., It cuts installation
costs and appears to be easier to manage. The foreman can stand
- in one place and control everything. ' _ '

The: problem comes with cross-contamination. It is difficult to
keep wastes segregated for rework. Spills or upsets on any one
system disrupt all other systems. Ventilation air on the strong
system will capture air pollutants from other systems, creating
workplace hazards. Storage of raw materials and finished goods,
box and container staging, all become. cxowded and difficult to :
manage when too many production facilities are operated within a
confined space. From a safety and environmental point of view,
the best setup would be one production facility per building.

Plenty of space should be provided for access to equipment for
maintenance, cleanup, future expansion, and avoidance of cross-
contamination. Area is required for fork truck travel, storage
of raw materials, and storage of materials in process, Cazrton
staging areas are required for different packaging lines. Ua-
obstructed access must be provided to exits, safety showers,

eye washes, power switches, and fire extinguishers. '

- A few other points of note: Waste, where pessible, should be
recycled. In this dicussion I referred to spill containment,

dust collector recycling, vacuum=¢leaner recycling, and, in Pigure
9, a scrubber recycle system. A water-soluble material is dumped
into the batch tank through the dump hood. The fumes and dust
are captured and run through a water-flushed packed column. The
sludge is recycled back to the original mix tank, eliminating a
solid-waste disposal problem. Innovative approaches must be used
on all systems to control and utilize pesticide wastes to eliminate
the exposure ‘caused to operators in disposing of these wastes,
and’ in order to live with current disposal regulations.
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FIGURE 9

SCRUBBER RECYCLE SYSTEM .
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SYSTEM PROVIDES CONTINUOUS WASHDOWN OF PACKED COLUMN POLLUTIONS.

SCRUBBING SOLUTION AND' WASTE ARE RECYCLED.




To reduce fire hazards, materials handled in a plant should be
researched to assure that special conditions are met as required.
Proper electrical codes must be followed, equipment must be
grounded, explosion vents must be installed and maintained. 1Inert
gas must be available when required for blanketing.

Pumps and filters are frequent sources ¢f operator contact with
chemicals,. Exposures are caused during cleancut and decontamina-=
tion required.on changeover and as a result of maintenance. Use
care., Keep systems as simple as possible. On pumps, use extermal
bearings and seals. Spend a little more money to buy equipment
that is easy and fast to malntain..

In summary, all pesticide foruulatlon plants must be designed
around the concept of operator safety. As far as possible, the
need for specialized protective'clothlng and equipment should be
min;mized. R o .

The plant must be built using basic design,p:actice and criteria.
Layouts should provide access to equipment and safety items, and
to allow for fork truck travel and storage areas. Makeup air and
crosa-contamination must be taken into account. Ventilation hoods,
vacuum cleaners, material handling equipment, and dust collectors
must be designed to allow safe operation and maintenance. Pits
should be avoided but if they are necessary, they must be used
properly. Spill containment must be considered for all materials
and effluent. Where possible, waste products should be recycled
to reduce the adverse affects on the environmeat. Pinally, remem-
ber that you can design the best plant in the world but it can be
a death trap if management and operators alike do not have the
right attitude and training.
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PACKAGING OF LIQUIDS AND SOLIDS‘FdR CONTROL OF EMISSIONS

Charles DeCrane
Des;gn Eng;neer, Ouachita Mach:ne Wbrks,_Inc.

~ An,opening,thoughttu How much.is,your*product‘worth if you don't
get. it into a package and either to the next process or to the’
customer? Along- that line, the general problem in all of industry
is that packaging is the last operation in the process. So many
times, unfortunately, it is left until last in planning and capital
‘expenditure considerations ag well. Then we find that we have a
product and no package, and no method. of getting it into the pack-
age. - However, if you get packaging experts and packaging machinery -
involved at the beginning of the program, they have lead time to
come up with- a solution to potential problems. Without that you
end up eager to get that product to the market., You put the pack-
aging problem and the machinery problem into. the experts' laps 0
and say, "We have x amount of dollars, and thirty days to do it." .
Well, thera's no way that someone can come up with a solution to
your problem in thirty days, or sixty days, or ninety days, if it

- has been chased.all the way through processing down to this point.

. Therefore, I urge you. to. consider-packag;ng 1n the initial stages
of any expansion OF new. construction._~ o _

‘:Heze-are soma»examples of’the indnst:y'problems ) Theze are many
small operations. -There is: outdated technology and packaging

f[,equipment. - Many tiMSS‘theIB is a lack of knowledge in the area of -
- .packaging and equipment at both the plant level and the consultant

level. .Dependable closure on a.package (important to your indus-
tzy—especially) is a problem. Finally, there is the problem of
control. af health hazards, - . - . =~ - B
Regarding control of health hazards, some of what I plan to present
- and some of what Jim [Pace] presented might seem to conflict, but

- it really does not. It's in the area of the hoods. As Jim stated
earlier, it's the. way they're applied. It all goes back to the
fact that.you need analyze the specifzc application of every~
thing. .. . g : o

I will quote an excerpt frcm the NIOSH/EPA cOntrol Technology
.Assessment- } ‘

A large proportion of the workers employed in the-
pesticide industry is involved in filling and pack="
aging operations., Container fillinq and sealing offer
opportunities for worker exposure that are matched only
by raw materials handlings. Every effort should be made
to separate filling operations from other plant processes,
to provide adequate ventilation and vapor or dust collec-
"~ tion at emissions. socurces, and to protect workers through
~.. the use of peraonal protective.clothlng and equlpment. .

s There are seve:al.ways to accomplish all of these."
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Number one is automation. Automation of the packaging area is
undoubtedly the most desirable apprcach to health hazard control
because it minimizes the number of people potentially exposed.
Automation makes it easier to design local control because the
pace of operation is consistent and all machinery operates more
dependably with less maintenance if it is operated at a uniform
rate. . .

Automation offers operating economies through reduced labor, 80

it should be one of the easiest items on which to show cost justi-
fication. It's a common assumption that small operations can't
justify automated equipment, but if it is viewed in light of mini-
mizing personal protection devices, more consistent control of
emissions, and removing much of the labor involved, there are
economies. We've had success on small operaticons in proving pay-
out in about nine months, which isn t bad.at all, and from then
on,you>have many beneflts.

- In effect, what you've done is raised productron from, eay, 1 000
to 1,300 bags per man to 8,000 bags per man. Or, if you look at
it in“the.other-sense, where you don't need more than 1,300 bags
per ehift per man, you are doinq it with one man inetead of three.

There-are disadvantagee.' The—initiel expenditure ig greater, prob-
ably forty to £ifty percent higher than mamual. Some plants would
require a higher grade of maintenance personnel, and the invest-
ment in spare parts would be greater. That is something you would
have to weigh. Automation might require more attention to house=-
keeping. There are some good central vacuum units on the market.
Cne that comes to mind is Apex, out of Los Angeles, I believe.

The next item concerns outdated technology and packaging equipment.
Many packaging equipment manufacturers. have been in the business
for some time and have failed to look to other industries for
technology that would be applicable to their industry. This is
now changing. New, smaller companies are becoming involved who
lean on this advanced technology and borrow from it. Ours is one
of them.

One example of new technology that has become available is induc-

tion and heat sealing, a recent development designed to produce
reliable hygroscopic seals.  This type of seal is primarily used

on screw-type containers. It uses plastic—-coated foil and, e
through induction heating, it generates heat in the foil. It '
melts the plastic and accomplishes the seal, and it's a reliable

seal. I don't think anything prior to it has really done a suc=-
cessful job. And it's all automated.

Another example of new technology is stretch wrapping. Stretch
wrapping has the advantage of economy in material; it does not
require the degree of energy that shrink wrapping requires. Doug
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[Fowler] pointed out that it is less flammable than shrink wrapplng,
an advantage that I was not aware of : ‘ N

The overwrap of the plastlc on. 1nd1v1dua1 packages can provxde a
'secure package without resorting to exotic bag construction or box
constructlon. Many times the tradeoff is an. advantage. .

‘There are several machlnes on.the market for filling small jars,
jugs, cans, flexible packaging, and %ﬁfes with fine powders==-
machines such as All-fill and Mateer electric fillers, and so on.

Equipment for filling industrial-size packages is another story.
-That's begin tackled.right now by a combination of Cuachita Machine
and Howe=-Richardson Scale Company, who are coming up with a process
‘to handle fine powders in large containers, and it looks good at
this'point. That's probably a year downstream somewhere.

Lack .of knowledge in the area of packaglng and equlpment is another
item. ' And again, I quote from the Control Technology Assessment:
"Filling machinery is precLSLQn equipment that must be. carefully
selected for safe, consistent performance and ease of maintenance."
Later in the paragraph it says, "Care must be taken because of

* initial capital investment.” - If you're looking at automat;on that
exceeds your needs, realize that automated equipment. isn't .neces-
sarily £flexible. .In this area,.lean heavily on experts in the
field. - Do not get tied into one consultant or one machinery manu-
facturer. Consult several and get -input from several. Many times
common sense will tell you which one is most loglcal. ,But do this -
'in the planning stages. -1w;. . m;‘lszvm ; N :

: Most modern equ;pment will do the job w;th;n its capab;lit;es,
but it's very easy to get out of its capability, and then, very
often, you can. get. into serious trouble, particularly in the
pesticide industry. Packaging engineers are becoming more common
as companies become more aware of regulations and more aware of

- the notorious image that the.. 1ndustry has w1th the publlc.”

Concernlng dependable closure on packages, there are many ‘variables

to consider: flexible packages, rigid containers, liquid or

80lid" product type of closure. .Since I'm most familiar with flexi-

ble packaging, I'll concentrate on that. It is the most difficult

to deal with because of variations in paper weight and in construc-

tion, glue patterns, stepping patterns; different plies in the

- materials used~-you have barrier materials, plastic materials,

- foil. Flexible packages can generally be grouped into two cate=
'gories: open mouth and valve bags. ‘Open-mouth bags are becomlng

. more prominent. because they offer a better closure. They're more

secure, and they don't sift. Generally they use a heat seal. On

a heat-seal bag you have an inner play of coated paper, film, or

coated foil. ' All of them will seal with variable degrees of

fe rellabllity, but to get a seal that is dependable, such as is’

... required.in. the pesticide-herbicide: zndustry, I would urge. you to
.8tick to peolyethylene coated foil: or:a plastlc-coated fOll. ?hls
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will give you a reliable seal both for vapor protection and for
hygroscopic material. If it's hygroscopic, it'll protect the
material against the moisture and also against leaking. Valve-
top bags have been used but they're fading fast because ¢f prob-
lems with sifting and not being able to get a secure seal.

On the processor 8 end, if he can't get a successful seal, many
times the manufacture: cf the bag can 't provide a dependable
sSeal. _

Now we‘get‘into localized control of health hazards in systems
- that utilize hoods. I'll try to cover them in different stages.

What we attempt to do is control as opposed to collect at the point
of generation. If you attempt to maintain the emissions or poten-
tial emissions within a give volume, you can size all of your
ducting and hoods. You can control them very closely for effec-
tive collection or control. »Essentially, once you control it,

you have collected it. ’

~ If you allow the emiss;on to ‘escape Lnto the atmosphere in a
packaging area, then you're fighting drafts, you're fighting the
tendency of the emission to go in a different direction, and you're
_ trying to collect it back or regain control of it, so it requires
a'much greater flow or veclume of air. In that way, you increase
the initial cost of equipment, including the sizing of the fans,
the blowers, and the bag houses.:  Also, you increase energy costs,
an important factor these days, Again, retain a consultant who

has experience with the pesticide/herbicide industry and with

your particular problems in order to control your pollutant more
effactively. As Jim -(Pace] mentioned, if you go by the 0ld manuals
and just pull something out of there, many tlmes 1t s not going .
to work as it's supposed to.

Something along this line is:J-Avoid arbitrary additicon of branch
circuits after a system has been sized, or something like this
can happen: A system is effective, bhut somewhere down the line
they need a drop sump. Maintenance supplies it, and then somecne
else needs one downstream. Pretty soon ycu've overloaded the
system and there ign't any one place where you re getting effec-

‘ t;ve control.

I will nowvdxscuss localized'control”of emissions. Dust and vapor
control, Level One, consists of a transition chute with exhaust

~ duct and controls. (See Figure 1l.) An exhaust duct traverses

"~ the filling chute and is operative from the time the filled bag
is released by the bag-clampzng action until the next bag is
pPlaced on the bag hanger just prior to scale discharge. The ex-
haust duct contains axial slots on the bottom center line, and
forty-five degrees either side of center line., The size of these
slots and the diameter of the duct are sized for each installation
to meet individual requirements of product, scale, and transition
chute volume.
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A damper in the duct controls exhaust action. The damper is acti-=
vated in response to a signal from "bag-in-place" switches, which
are located on the primary bag clamps. During the time of product
discharge from the scale, the damper is closed. There is no air
movement in the transition chute or the bag hanger that would
disturb the product charge as it travels to the multiwall bag. As
the bag is released to drop to the trough below, exhaust action
clears both the transition chute and the area above the bag.
Scavenging action continues until the next bag is in place on the
bag hanger. Cost is approximately $1,600.

Dust and vapor control, or .Level Two, consists of Level One con-
trols plus contrel at the bag hanger (supplemental clamps with
dust shroud). As the primary clamping action is accomplished, the
"bag=in-place® switches complete a circuit which activates "sup-
plemental clamps.” These clamps contact the opposite faces of

the spouted bag and gently press the remaining circumference of
the bag to the spout. Figure 2 shows the two positions of the
clamps, as well as the exhaust chambers that form arcund the over-
lapping portions cof the expanding £fill spout. The bottom portion
of this. exhaust chamber is formed by a flexible member attached

to the bag clamp. Exhaust actlon is continucus. The cost varies
from $650 to $2,300. :

The last stage, Level Three, consists of Levels One and Two com-
plemented by an exhaust hood which extends the full length of the
machine (full dust hood/plenum). This. hood incorporates a plenum
chamber, created by an open mesh in the top (Figure 3), over the
settling 'and reclosing area, to insure uniform distribution. This
method is pr;marily for'pzckzng up vapors and light dust which the
product continues to give off during the reforming of the gusset
and closure process.

Required air volume increases as you move through Levels One,
Twe, and Three: Levels One and Two are effective with an air
volume of approximately 2000 cfm at approximately three to four.
inches of water. Adding Level Three capability will increase the
requirement to 6000 cfm. Costs will vary, ranging from $4,400 to
$7,000,

Let's loock at some case histories. The first one has to do with
paraformaldehyde, in 50# multiwall bags. They had a problem with
vapors escaping into the atmosphere in the packaging area. They
had an atmospheric concentration of 7 to 10 ppm of paraformalde-
hyde. The operators would sabotage the machines for a reason to
get out of the area. Even using personal protection devices, ’
bagging personnel would do anything to get the line shut down.

So the original line, which was rated for fifteen tc sixteen pack-
ages per minute, was running about seven,

We installed an OMW-designed collection system, Levels One, Two,
and Three. It raised production to fifteen packages per minute
and reduced the effective concentration to 1 ppm, which, with
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their methods, was the least detectable. Maintenance downtime
was reduced, sabotage was eliminated, and everyone was happy.

The second case history concerns granules of a slightly toxic
pesticide. They had three formulations with varying bulk density
and they were operating with a different type of machine which
was line rated at fourteen packages per minute. Their problems
were dust, vapor, exposure, and noise, and their actual production
was about nine packages per .minute. We installed a MW "sackmatic”
Model 207 Automatic placer and reformer, a Westvaco &/ Mark V heat
sealer, used a polyethylene c¢ocated-foil pinch package, and in-
stalled the whole dust contrel, Levels One through Three. The
concentration of respirable dust was reduced from approximately
ﬂtwo to three milligrams per cubic meter . (mg/m3) to between .l and
.5 mg/m3. This is one that was cited in the SRI report. Produc-
tion went up, malntenance went down,‘and noise was reduced.

-In the last case hlstory the. installation only utlllzed the first
two levels. It involved a very fine powder which attacks the upper
respiratory system. They had a valve bag filler there and were
trying to.- control the emissions by open ducting and fans. Again,

- this was replaced with a pinch-type package with an inner ply and

- the OMW dust and vapor control, Levels One and Two. Again, the
result was reduced concentration in the packaging area, and pro-
duction stabilized to the point where: they eliminated a couple of
‘shifts. All their packagxng could be done -in one shift, with a
tremendous labor saving. - ‘ ‘ i , v

" These cases all‘were with bags and fine, particulate, or granular

powders. But the general technology could be and has been applied

to some 11qu1d £illing. It.is applicable to any operation, but

:ould requlre someone who was familiar with the operatlons to apply
t : ‘

I suggest that you contact*me or get in touch with someone else
who is familiar with pesticides, herbicides, and packaging prior
to-getting into the packaging of your product. If you have an
expansion or new construction, I can't stress enough that you
should lean on people with experience.




DESIGN AND INSTALLAIION OF CONTROLS- N-PLANT° CASE HISTORY 1
Stanley L. Dryden
Manager, Industrial Eygzene, Standard 011 of Calzforn;a

This talk; although billed as-avcaseahistory, actually presents a.
number of cases of successful work area expasure controls. It is
given from the perspective of a large-scale pesticide formulator.

The first case involves the control of exposure to the extremely
toxic organophosphate pesticide solutions. The volume of these
pesticides formulated in one plant was sufficient to justify a
separate area dedicated to this purpose. . These products, such as
parathion, have LDgg's in the range of a few milligrams per kilo-
gram. One teaspoon of technical material left on the skin for a
short period of time is sufficient to kill an adult human. While
some of these materials have an. appreciable vapor pressure, most
do not present a vapor inhalation hazard when handled at ambient
temperature with even minimal ventilation. Therefore the dermal
route is the greatest concern when controlling exposures.

The objectives of the dedicated organophosphate solutions formu-
lating area were to isolate the operation in order to minimize
the number of workers potentially exposed, to control vapor ex-
posures, and to prevent skin contact. This was achieved by a
combination of the following measures: (1) Unit is located in a
remote corner of the plant; (2) Access is restricted; (3) Workers
wear distinctive coveralls; (4) Formulating tanks are isolated
from the filling operaticn; (5) Filling stations are well venti-
lated; (6) Basins are used to capture spills; (7) Floor slope and
drains allow frequent washdown. of the workroom; (8) Decontamination
solution is used for cleanup; and (9) Contaminated protective
clothing stays in area. ‘

These engineering controls are not sufficient to assure safety.
Personal protective equipment (hat, coveralls, apron, gloves,
boots, gauntlets, and goggles) are still used to protect against
the unexpected, 1In addition, a thorough, assertive, and continu-
ous worker training program is conducted to assure that the workers
know how to properly operate the equipment, prevent contact, and
prevent secondary contamination (e.g., ingestion). They must also
know the reasoning behind the work and hygiene rules, clearly
understarid the nature of the toxicity, and be able to recognize.
symptoms of overexposure. Finally, the program is backed up by

a periodic blcood cholinesterase determination; this program has
been helpful in the detection of lapses in the contrcl measures.
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The. second case descrxbes an alternatxve method of handllng in=-
process .formulations of dry products. Traditionally in-process
materials, such as premixes and products that are awaiting final
packaging, have been temporarily stored in bags in the fifty- to
one=-hundred-pound size range. Since both the £filling and the

- emptying of these bags present difficult exposure control prob=-
lems, it was desirable to. handle the material differently. The
solution described is a large "transportable” bin which not only
can be filled and emptied with minimal exposure to personnel, but
also requires less manpower and eliminates one solid waste prob-
lem (the emptied bags). They hold about 2000 pounds of dry mate-
rial. They can be handled with a forklift and with hydraulic
hoists. These bins. can alsc be used to receive the material col-
lected from bag houses, screens, and so forth, for recycling or
disposal. They also have great potential for shlpment of materials
from supplier to formulator: this appllcatlon is to be encouraged

Small package f;lllng often presents dust control d;fficult;es
since, in many plants, a wide variety of product containers may be
in use. Bags, boxes, canisters, and dusters may be filled in a
variety of sizes. Local exhaust ventilation set up for one size
and type of container may not adequately capture dust produced in

. £illing another. An efficient method of dust control is a small,
flanged slot hood located immediately behind and at the level of
"the. top of the container being filled. However, this requires
that the' operators adjust the hood to the optimal height each time
the product container is changed. It is a quick and simple adjust-
ment, but experience has shown that it will not be carried ocut

' unlessﬂline‘supervisora»are.explicitly trained and held accountable
for  this task. Where space permits, a larger hood will solve this
problem with the penalty of significantly greater air flow, larger
dust collector, and so forth. ,

Two serious exposure problems often found around dry feormulation
units involve the sweeping up of spilled material and the handling
of emptied bags. We have successfully controlled these sources
with commercially gvailable equipment. One vacuum cleaner manu=
facturer-- Nilfi f America, King of Prussia, Pennsylvania=--
offers a push-around unit with a wide=-swath pickup nozzle at floor
level.  This. unit is well designed, not only from the standpoint
of efficiency and capacity, but also with consideration for
cleaning out the collected material without excesgive exposure.

A commercially available:bag-compactor, Union-Pakv, mounted near
the charging point receives emptied bags without any prefolding
- or crushing required. It is closed and ventilated during compac-
tion, and delivers the crushed bags inside a plastic bag. .

‘A number of successful engineering control measures have been dis-
cussed. In every case, however, these exposure control solutions
were preceded by attempts at eng;neerlng control that were not
fully suitable. Although engineering controls are always the
preferred first consideration, they are not as straightforward as
our faith in American know-how would have us believe. Neither are
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engineering controls as complete and permanent as we would like
them to be. Those who have never had to agonize over the concep-
tion, design, and installation ¢f an engineering system often con-
sider engineering controls as the perfect solution. However, we
have noted problems with employees slacking off on proper work
practices when they think the equipment will protect them and have
also seen cases of failure to properly operate the engineering con-
trols. This points out the need for continued efforts of education
and training of line workers and supervisors..

Engineering controls often fail due to improper initial design.,
Ventilation system designs are often assigned to an inexperienced
engineer who is not trained in the unique principles of local ex-
haust ventilation. Even qualified engineers often fail to consider
operators' needs or maintenance needs. When this occurs the workers
will make their own accommodation to these operating or maintenance
requirements, often resulting in disuse or misuse of the engineer-
ing control device, and a failure to protect from exposure.

Engineering controls 4o not permanently control exposures without
constant attention. A reliable program of periodic inspection and
maintenance is regquired if the controls are to reliably achieve

the level of protection needed. For example, even if a ventilation
gystem is properly designed, installed, and initially balanced
several things can occur to make it ineffective. The following
possibilities should be investigated when you find a once-adequate
system no longer performs up to par: .

) First, consider extension of the system. Process changes may re-
quire additicnal ventilation pickups. Their addition may starve
the original hoods by using up fan capacity and by upsetting the
system balance.

Second, investigate random adjustment of dampers. Most branched
systems are balanced via dampers. - If they are not locked in place,
workers will invariably tamper with them in corder to increase or
decrease airflow to a particular hood. This may disrupt proper
ventilation at another part of the operation.

Third, duct obstructions may be the cause. Ducts ﬁay become plugged
by product settling in horizontal runs or by deposition of product
or debris at elbows, tees, and so forth.

Fourth,’there may“be‘éust corrosion or erosion. Holes eaten in .
ducts by corrosive liquids or abrasive solids will admzt air and
thereby starve the hoods.

Or, fifth, there may be other duct damage. Ducts may be dented,
geparated, or otherwise damaged by careless forklift operators,
hammering on plugged ducts, vibration, and so forth.

Sixth, there may be a plugged air cleaner.
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Or, seventh, fan belts may be slipping.

Eighth, the problem could be the fan running backward. When a
three-phase motor or contreller is replaced and any two wires are
switched, the motor will run backward. A centrifugal fan running
backward still pumps azr in the rlght dlrectlon, but at extreme
inefficiency. .. . : _

In summary, a number of engzneerlng control solutions have been
found for potentially serious exposure problems., However, these
controls have not been easy to come by and may not be economically

- feasible: for smaller-scale operations. --In addition, their installa-
tion has not provided a complete and permanent answer. to exposure
‘control. They must be accompanied by the other control technology
measures (training, work. practices, personal protective equipment)
to achieve the desired level of protection. -




DESIGN AND INSTALLATION OF CONTRCLS-IN-PLANT: CASE HISTORY 2
Charles Earhart, Jr., Ph.D.
Plant Manager, Platte Chemlcal COmpany

Ken‘Bunkowski told us‘about how a plant should be., When I went to
Fremont for the first time, ostensibly to help them start a third
shift, my thought was that somebody with a lot of experience, in-
cluding experience in flowables--which were the high-technology
formulation at the time--would really do well with impregnated
granules. Then came the awakening.

The plant broke every one of Mr. Bunkowski's rules. The property
line is one yard from the building property on the road side. Out
front we have a couple of hundred feet in which to turn trucks
around and park cars. This plant is not ocut in a rural area-- -
it's a block and a half from Main Street. There was no dike. The
change room did not have circular flow. Cholinesterase results
were barely tolerable. The_weigh hopper and screen were in a pit.
The screen was a Link-Belt ® screen, probably the most inappropri-
ate screen for clay granules., (It's a high-frequency vibrating
type that fluidizes everything within the pit.) The exhaust ven-
tilation system had only three small bag collectors, two 339 square
feet and one 236 square feet, This last one was for exhausting

the bins, 'an open area of sixty-four square feet. My first experi- -
ence in Fremont was unfreezing an air line located outside the
building. The temperature was nineteen below and the wind was
blowing at thirty-five miles per hour, with gusts.

We began, with some advice and help from the basics and from the
Handbook of Industrial Exhaust Ventilation, to modify dust collec-
tion. The under-car unloading hopper was changed from a chute to
a belt feeder to f£fill up the pit so we could choke-locad the un-
loading statian and just open the car hopper doors. The little
dust collector that had been on the outside was moved inside
(Figure 1), and that gave 3,600 cfm instead of the ocld 2,220 cfm
for the blending/bagging area. A used dust collector was placed
outside to exhaust the clay bins at about 2,700 cfm (Figure 1l)}.

We did it all with minimal engineering.

Next the change room was done. Platte is kind of proud of this
because it was a great change from what we had before. Figure 2
shows the original change room. Note the break room and the
utility room. The basics told us that if we didn't improve on
this, they wouldn't use our services the following year. So, with
a little imagination and a lot of advice, we looked at the whole
situation. 75



FIGIRE 1

BLENDING AND BAGGING AREA -

la. Original Dust Collectors
1b. Original Scrubber -
2a.  Dusat Collector Added
2b. Carbon Absorber Added
3a. " New Dust Collectors
3b. New Carbon Absorbers
4, Tech Day Tank
5. Tech Head Tank
6. Weigh Tank
7a. Weigh Hopper
7b. Elevator Leg ‘ : :
8. Intermediate Hopper - : i 3a
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We had been running seventten people per shift, with three people
under the bagger. (Platte had a Merrifield bagger, excellent for
packaging sugar. But it's not designed to be maintained or cleaned,
or to have pesticides around it.)

We decided to automate partially, to reduce the number of people.
We eliminated one of the four showers in our redeszgn of the room
(Figure 3), moved the break room, moved the lockers into the ‘
former break rcom, and moved up the entry door to the new locker

room. Now we have a circular flow, While it's not perfect, it's
much better than before. T

The men come into the locker room and change into their coveralls ‘
through Door 1.  To get into the plant they pass through the lava-
tory area. They go to work and come back to use the head and so
on through Door 2. When they come back in after they finish work
they can dump their coveralls in the washing machines and go to
the shower. It is somewhat cramped and the flow isn't exactly
perfect, so we have to swab out the area between shifts. 1It's cne
of the practical ways we make this do for now. ~

And so the change room was converted to circular flow. If you have
an old plant and it seems as if it's the worst thing that could
happen to you, there are places like this where you can make
changes. Just take a loock at it and use your head. "It isn't
always necessary to rip the whole thing out and replace it with-
something that costs three times your original investment.

The tech tanks (Figure 1) weren't there when we began our fixing
up, but the little head tank was. Motor control stations were
located under the head tank for the technical with the weigh tank
next to it. Because all the controls are explosion-proof, they're
splash-proof. Every time technical ran out of the head tank onto
the motor control panel, it could be washed with bleach. One
project for the 1977-78 season was to put capacitance probes into
the head tank and the weigh tank. This eliminated people having
to push clay under the weigh tank and sweep it back out after they
ran it over. .

As we entered the next season, we installed an automatic bag hanger.
" Figure 1 shows the weigh hopper, an intermediate clay hopper with
an elevator leg go;ng up ‘to it, and the blender. Our scalping
screen was down in a pit, and we carried it up to a bagging hopper.
.The Merrifield bagger was directly under the bagging hopper, and
three people stood directly under the bagger, one opening the bags,
one hanging them, and one putting . the- fllled bags on the heat
sealer. :

With the new bag hanger, only one person is needed to introduce
bags into the heat sealer. This also helped us to separate things
out.

The actual installation of the bag hanger was an experience filled
with trial and tribulation for Platte and for the manufacturer.
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UNIMPROVED CHANGE ROOM WITHOUT CIRCULAR FLOW
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We even threatened'to“throw-it away.” But Union Camp stood behind
their product: They came in and replaced the bag hanger with a
whole new unit and control system that would held up in a dusty
environment.

In the 1978=79 season wevboughticarbon filters to positively con-
trol mercaptan odors. We got two (figuring that if one was gocod,
two were better), installed them, and started up the plant. The
fire department and natu:al gas company’ called us: odor control
‘was the poorest ever. . . e o L

To try'to keep our production.schedule, we called in a consultant
who said he could supply us with a better filter in sixteen weeks.
Unfortunately, our production schedule was twenty weeks. Next we
called the Calgon pecple, who said they could supply one in twelve
weeks, We couldn't live with that either, so we talked for half
an hour while they teold me the results of their lab work; fluidi-
Zation of carbon and so on. The result was that I took a plan =~
scribbled on a piece of paper over to our local sheet metal man--
a true mechanic. He simplified the fabrication and made it for
half the original estimate. Platte's units have a six-inch-thick
bed of carbon with a little reservoir on top that keep it filled.
They are of a downdraft des;gn so that they don't fluidize., We
were installed and runnlng in less than five days. Platte did
produce that year.. . , -

The next year we,felt'weﬂd‘learned another 1esson-éthere is no such
thing as too much air. (See Figure l.) Instead 0£f 3,600 cfm on
the hot side (the bagging and blender side) we decided to raise it
to 7,700 cfm. On the clean side (the weigh and intermediate hop-
per Slde) we decided to raise from 2,200 to' 5,000 cfm. In other
words, we went from 3,600 plus 2,200 plus 2, 700 (about 8,000 cfm)
to 7,700 plus 5,000 plus,s,ooo, or almost 18,000 cfm of air. The
old system was designed toc close to work, though it worked on
paper. Our solution, which worked, was to double everything.

Exhaust ventilation system number two consists of two large dust
collectors, large carbon filters, and a scrubber following the
carbon filter on the hot side. (See Figure 1.) (A carbon filter
is used on the clean clay side because of the organophosphate
insecticides. Since Platte is located downtown, it is cheaper to
run the exhaust over carbon that it is to move the plant.)

In addltlon to a large:,e aust ventilation system, we added a new

vacuum cleaner, a Nilfisk We placed drip pans arocund the pumps

and moved the casing -and. palletlzxng operatlons out of the area.

By putting a hole in the wall and running a little conveyor through,
~We were able to do our casing and palletizing in the warehouse,

We alsc purchased an autcmatic case sealer. Essentzally we re-

moved everyone posszble from the bagglng area.

' That concluded our preparatlons for the 1978 79 season. We ran
through the season and it wasn't too bad. With high air flows you
only haverproblems if you have to dump off-spec bags, if you de-
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cide to spray tech in the blender with no clay, if. you decide to.
spray the clay twice, or if you decide not to spray the clay at
all. We looked at the possibility of interlocks and decided that,
for example, if you're running a ten percent.granule, it was al-
most as bad to spray with a nine percent as it is to spray it
with nothing, or with twenty percent. So, rather than put on
lnterlocks, we. decided to automate all the way.

I would like to make a pitch for automation because programmable
controllers are so inexpensive now. They're relatively simple and
if you have time to work on them=-=which people in small companies
rarely do-—;t probably takes from three tc six months for instal-
lation. , .

Not much was started after the 1979-80 season because that is when
we began automating, a big investment for us. We had also bought
the automatic bag hanger, as well as a scale with a built=-in auto-
matic checkweigher. We now have only about six underweight bags

a year, so that piece of equipment has really paid for itself.

As a formﬁlator, Platte has low margins. The automation does pay
for itself in labor sav1ngs, as well as helplng avoid the hazards
of. upset and rework. '

A lot of the changes have been completed slowly. PFigure 1 shows
where the small dust collectors used to be and where the o0ld scrub-
ber and carbon filter were on the hot gside. Also shown is our re-=
placement equipment, the expan51on- big dust collectors and big
carbon fllters. o . : ‘ : .

Orlglnally ‘only cne duct came out of the back of the we;gh hopper,

- Then we put strips of belting across the hood to deflect the air

down. But when the clays were held on the screen and- the strips
of belting were down, a little dust would come over the top. Our
solution was to add a plenum across the top. This was possible
only because the air had been increased encrmously. There are now
curtains on the side to help channel air into the plenum. Always
progress!

If we install a programmable controller over at the weigh scale,

a man will put clay in the weigh hopper. Then, based on the

amount of clay discharged from the hopper, technical material and
deactivator will be weighed out and sprayed onto the discharged
clay: The sequencer keeps track of the batches as it moves forward

- through the intermediate weigh hopper into the scale. It also

performs the calculations, once the formulator decides the target
assay and enters the assay of the technical material. After he
enters this data he has to charge between 200 and 4,400 pounds of
clay. Then the correct amount of deactlvator and technlcal mate-
rial will be sprayed automatlcally.

The old motor control panel was ripped out in preparation for the
sequencer. There is now a centralized manual control station; it
has eliminated the need to run around open;ng up valves and gates.-
It is still under the head tank, but it is shielded.
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Figure 1 shows where we load bags from. They're swung up below
the hopper and filled bags are fed to the sealer. A sixteen-inch
‘duct with a 400 fpm face velocity exhausts this station. Our pal-
letizing has gone back down on the operating floor to lessen the
chance of ripping those big bags.

We use Mikro-Pulsaire@because of the price they gave us and also
because they fit indoors. So. all the emission control equipment is
inside. Two dust collectors are outside in the back at the clay

unlecading station, with shrouded 1nfrared heaters on the manifolds

to keep them unfrozen.

Figure 1 shows our carbon filters. We have.a scrubber on the hot
side. We use negative pressure up through the carbon filter. Then
air is blown into the scrubber. . The scrubber is there because Phil
~ James, past President of Platte Chemical Company, told the city
council that Platte was going to have a carbon filter and a
scrubber. But when you have six inches of carbon and you maintain
a speczfzo velocity at the carben face of only 30 fpm, the odor

problem is handled.

Our production superintendent is the man who really did all the
work--besides running the: plant he also rebuilt it. Since we
modified the change room, the break room took over his office.
We're going to have to build him another one sometime,
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CONTROL OF FUGITIVE EMISSIONS IN THE WORKPLACE
- Thomas R. Blackwood; Ph.D. .
Monsanto Chemical Company -

As the black smokestack of the fifties disappeared from the hori-
zons and the blue haze ¢f the machine shop faded, it was expected
that environmental and workplace air quality would improve. Though
improvements have been significant on the surface, some.emissions
that are present in very small quantities can produce a hazardous
environment more severe than a "visible" emission, especially in
the pesticides industry. ("Pesticides" in this context refers to
all forms of pesticides, fungicides, and herbicides as a general
class of chemicals.) Because of the potential toxicity of most
pestzcldes, general pollution control and housekeeping practzces
are not sufflcient to control most of these substances.

It.ls not unusual for the major problem to be pick-up of the emis-
sion. This report describes a systematic approach to solwving
control problems that can be encountered in the pesticide manu-
facturing or formulating industry. The emphasis is on general
design principles, with specific examples of successful control of
hazardous emission species.

An emissions control system must consider not only the removal of
air emissions, but also the prevention of catastrophic failures
and subsequent exposure to the pesticides. Design is not the only
issue in controlling particulate or gaseous emissions. Materials
discharged:into the atmosphere can reenter the workplace if the
air intakes are improperly located, as was mentioned by some of
the other speakers. If velocity profiles are ignored, emissions
may not be picked up lnltlally.

Before committing to a control system, it is worthwhile to consider
alternate approaches which may avoid the emissions problem. As an
example, for a dust control situation, one possibility is to avoid
making particles small enough to become airborne. It may be possi-
ble to produce the material without fines, or with fines in the
form of agglomerates, Emission situations can result from trans-
fer of solids from bags or drums into a reactor or mixing tank
whereby air is passed through a materlal, or a material is allowed
to fall freely through the air. Reducing agltatlon of the mate-
rial may ideally eliminate the need for an emissions control sys-
tem., Fine particles which are easily airborne are also generated
in the condensation or sublimation process. When the chemical
processing techniques can be altered to avoid condensation or
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pbssxble evaporation from a. dropiet; the need for colleciion.of,
the em;ss;ons may be negated.

These are a few of the areas which can be anestlgated with an eye
toward minimizing the quantlty of emissions that need to be con-

trolled.

A typlcal dust control system may be divided into six parts: con-
tainment or caputre of the emission; transfer of the contaminated
air; separation or destruction of the emission; disposal of the
collected material or by-product; movement of the air or trans-
port gas; and dispersal of‘the~c1eaned air.

Contalnment refers to total enclosure of a source, and is applicable
to control of emissions from storage and to transfer from one ves-
sel to another. Containment can be used for many liquids, but this
method would not be acceptable for highly flammable liquids or when
the transport distance is large. Containment may be applied to
bulk handling of solids. This regquires cooperation between sup-
pPlier and user to develop a bag and transport system.

Capture of emissions involves the use of a flowing gas, usually
air, to sweep the contaminated area of emission. This is by far
one of. the most critical points in the design of emissions con-
trol systems. It is also the point where the most mistakes are
made-. : - S L L

Most industrial ventilation guides recommend minimum capture
velocity, depending upon the toxicity and flammability of a sub-
stance. The philosophy is that the more toxic a material is, the
higher the gas velocity must be over the area ventilated in orxder
to prevent emissions from escaping into the workplace. However,
velocity of ventilation should be taken as a guideline rather than
a rigid criterion. (See Table l1.) As an example, the cross-
secticnal area of emission may be so large that the volume of air
that must be ventilated is also extremely large. Also, velocity
varies significantly across the opening when the opening is very
large. The wvelocity profile is further confounded by disturbances
to the air-flow pattern caused by workers arcund the hood.

Figure 1 shows a hood which provides for good control of dust =nd
uses a reasonable quantity of air. Normal engineering process
- would indicate that this is an adequate design. The hood was used
to charge fifty-pound bags of a lacrimating chemical to a reactor. -
Even with the hood and a 500 fpm face velecity, the cgoncentration.
of dust could not be kept below the recommended TLV of fifty
micrograms per cubic meter of air. (See Table 2.) Because of the
potential of accidental spill of the chemical, respirators were
used by all workers during the critical handling operation. Eow-
ever, an improvement in the process was required for the safety of

workers in adjacent. areas.
N
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‘ TABLE 1

_ REC QMMENDED GAPTURE VELOCITIES

FOR_HOOD. DESIGN INVOLVING HAZARDOUS MATERIALS

Condition of Dispersion.
of Cantaminant R

: Examp;es'f_'"

' Capture Velocity, fpm

Released with practically
no velocity into quiet air.

~ Evaporation from tanks.

100

Released al low, velocity
into moderately still air.

Spray booths; intermittent
container filling; low speed

200

conveyor transfers; welding;

plating; pickling.

Active gemeration into zone
of rapid air motiom.

Spray painting in shallow

veyor'loading;fc:ughers;

500

~ booths; barrel filling; con-

Released at high inirial
velocity into zome of very
rapid air motiom.

Grinding, ~abrasive blasting,‘

tumbling.

2000

TABLE TABLE 2

RESULTS OBTAINED WITH THE BOCD

Average ~ Average
: Results with ~ Results with % of Reduction
Location Former'gystem- New Sygtem Achieved
: ' ug/m mg/m
A 2.50 0.032 972
B | 2.34 0,009 Over 99%°
B S 8 ¢ 2 1 0.031 97%
C D b ei28 0.010 Over 997
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The following steps were taken to improve the situation: A rubber-
baffle was installed arocund the hcod opening to allow the workers
to get closer to the worktable within the hood and thereby keep
the air velocity high. Bags were cut on the worktable under the
hood. (The workers had previocusly preferred to cut the bags on

- the pallet.,) Educating the workers had convinced them that using
the ventilated hood was better practice. Provision was made for
vacuum cleanup of the work area and worktable prior to removing
the chute. Air was discharged into the suction system. Air cur-
tains were provided to give an air sweep if the preceding modifi=
cations were insufficient. (This did not turn out to be the case.)

Table 2 and Figqure 2 show the emission levels that were obtained
during an intensive sampling campaign that took palce after these
"modifications., Although the emission levels show almost a one
hundred percent improvement in air quality, it is still antici-
pated that bag opening and dumping would have to be further mech-
anized to reduce employee exposure. The controls currently pro-
vide a reascnable margin of safety with the charging occurring
about once a day. . _ - : .

Since air exerts. a greater outreach on discharge out of a pipe -
than suction does into a pipe, contaminant collection can be in-
creased uslng an air curtain system, which requlres a smaller
volume of air. E;gh-velocxty air jets or air curtains are

especially useful on the redesign of an existing system, where air
velocity may be expensive or difficult to change. -

Figure 3.shows the use of an air jet in a push-pull arrangement.
Ventilation of a vessel was needed during cleanup operaticns.

This system is designed with a face velocity of 200 £ps at the
collector and a jet velocity of 4000 fpm to transport the emission
to the collector. The particular operation shown in Figure 4 is
located out of docors. Barriers have been installed to minimize
disturbances caused by changes in wind directicn and velocity.

The following equation can be used in the'design of air curtains
such as the push=-pull system just described.

ve/Vo = 2,28 ‘(?,})’5  for s (%) <2000

Ve = centerline velocity, m/s
Vo = initial slot velocity, m/s
D = gslot width, m

x = distance from slot, m

Explosion protection must be an integral part of the design of a
containment Or capture system. Typical protection methods include
blowout doors, inert purge-gas systems to eliminate oxygen, an
explosion-supredsion system, and pressure vessel design for de-
flagration.
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Once the collection system is established, the volume of air to be
transported can be calculated. Unless the enclosure is welded,
gas leaks will occur_at flange joints and connections. It is
recommended that 10-3 cubic meters per second be added to the
volume of air that is ventilated per flange jolnt. If the air
volume and the quantlty of emission to be caught is known, emis-
sion concentration for use in subsequent design of the collectlon
equipment can be determined. .

There 15 an approach to selecting proper emissions control. Figure
4 gives collection efficiencies as a function of particle size for
various generic collectors. Eliminate those types of collectors
that are incompatible with the process conditions: high tempera-
tures, h;gh humidity, corrosive gases, or abrasive material. Make
an economic selectlon among those types of collectors you have not
ruled ocut.

Several nontraditional techniques may have application for certain
fugitive emissions in addition to the conventional methods of
process control, enclosure, capture, and.cbllection. '

One recent development is the use of foam injection to control
dust. Foam is much more effective than water, and constitutes
only a.small liquid' volume when applied to the material's surface.
Wetting of the fines improves. This results in a reduction of
emissions. Water sprays can also be used with or without wetting
agents to reduce emissions.. The wetting agent will reduce the
surface tension and allow particles to penetrate the water drop-
lets. Properly directed water sprays can eliminate the need for
further collection equipment when formulating a chemical in a
water base...Another,development is the augmentation of traditional
wet suppression systems with electrostatics. Several commercial
devices on the market are effective in the control of fugltlve
dust.

In summary, the design of an emissions control system should focus
on the protection of human health and safety. With pesticide-
type chemicals, the lowest possible level of emissions is the one
to try to achieve; and one of the primary goals of the chemical
englneer should be to design a chemical plant for worker safety
and emissions reduction.

In the pestiéides industry, altering the flow path of solids and
liquids to prevent the contamination of the air can greatly reduce
the risk associated with the manufacture of these chemicals. Con-
tainment of an emission is feasible if the process or emission
points can be safety isolated from the workplace.

After these alternatives have been explored, a ventilation system
for the contaminated area can be designed to capture and collect
emissions. Personal protective equipment may still be employed,
however, because even after all these avenues have been explored
and a safe, workable level has been achieved, the risks assceiated
with accidents still warrant the use of such equipment.
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'IMPROVING WORK PRACTICE PRDCEDURES IN FORMULATING OPERATIONS
Vincent J. Farrell , .
Plant Manager, Agway, Inc.

When I was on Madison Avenue in the advertising business, I had a
great idea for a commercial for a pesticide plant. Having a few
years' experience in observing the people who work at pesticide
plants, particularly young workers, a lot of them seem to say, -
"Hey, I'm a macho guy--I work in a pesticides pPlant.™ 1It's OK to
be tough in a beer commercial, but the battle to win in the chemi-
cals formulation business ls to be safe about it.. s

I would like to give you some background on Agway, snc. Agway is
a farmers' cooperative, selling primarily in the twelve north-
eastern states. I am manager of the. formulating plant located in
York, Pennsylvania. We formulate and package wettable powders,
dusts, granulars, emulsified concentrates, and flowables-<-over

a hundred products for farm, home, and garden. We also custom
formulate for other compan;es.‘_o ' =

My talk is descr;ptave of our approach to hazard control - Some cof
the approaches have been or will be covered by cother speakers.

First I will discuss engineering control. An air exhaust system
on all lines controls vapor and dust. To control the hazard of
fire or explosion, we have a sprinkler system and automatic and
manual alarms that sound not only in- the plant but also at the
county fire department.

As part of our ligquid formulat;on operation, we employ flammable
gas detectors, liquid level sensors, fuse-link valves, heat con-
trols, explosion-proof glass switches, and nonferrous grates and
tools. Some of these are geared to automatic shutdown in case

of a problem; others will sound an alarm. There are emergency
showers and eyewash stations in stragegic locations. Acid
neutralization solution is provided at the battery charge station.

In the area of employee education, we pursue several approaches.
'To begin with, there are several hours. of "hands-on® safety in-
doctrination for new employees. Here each employee goes tgrough
the plant, learns how to ‘use protectlve equlpment, and so on.

For the last two years we' ve gotten into havlng quarterly emer-
gency drills-in addition to our quarterly safety meetings. We

now have quarterly emergency injury, spill, and fire drills, all
with crlthue and follow-up. In injury drills, only the people in
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a given area participate, so we can see how they are following
the program. Then these little groups have a discussion and a
critique. Scmetimes we find major weaknesses. This follow-up
method has helped us improve our program.

We also have an emplovee safety committee, led by a supervisor
and set up with two employees, which is effective in the sense
that we get some gocod ideas, and then employee participation car=
ries those ideas throughout the workforce.

Safety-data sheets. are maintained and are available for anyone's
review, A file is maintained on all ingredients that we use.
Employvees keep their own safety folders in their lockers. ' The
illustration shows our Line Safety Sheet, which I will describe
in detail further on, .

On the subject of protective equipment, we have a standard assort-
ment of dust masks, pesticide cartridge respirators, supplied air
hoods with purified air, and self-contained breathing apparatus
for emergency use in-the event of a fire. These are removed from
.the plant to make it easier if someone has to go back to look for
missing personnel. We algo have chemical goggles, face shields,
boots, gloves, and Tyvek & suits. _

Medical testing of our employees takes place. In addition to the ’
preemployment physical, we do tests monitoring employees® blood
chemistry, and we also do an annual pulmonary function test.

We have our own on-site lab to do plant air monitoring. We use
a Bendix Super Sampler for breathing zone air sampling, and we
decide, from the results, what protective equipment or improve-
ments, if any, are needed. The results are passed on to workers
and a file is maintained. On-site Agway lab personnel conduct
the tests and the analyses. )

I shall devote the balance of my talk to those practices that we
employ that I don't see covered on other speakers' agendas. I
will break my discussion into five topics: identification of
potential hazards, housekeeping, personal hygiene, emergencies,
and other situations.

I have a broad definition of what constitutes "work practices."
Today work practices involve almost everything that happens in
the plant and are either good or bad practices. Good or bad,
everyone is involved. I consider identification of potential
hazards a good operation. I will speak prlmarlly of potential

"chemical® hazards, rather than about work practlces related to
forklifts or welding or things like that.

ghemmcal Lnformatlon.LS'assembled by a supervisory group consist-
ing of the plant manager, assistant plant manager, project super-
visor, and, to an extent, the foreman.
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" The information we seek on a material includes oral, dermal, and
inhalation toxicity; potential for fire, explosion, and reactivity:;
skin sensitivity or the potential for rashes or burns; symptoms of
overexposure and recommended medical treatment; recommended per-
sonal protective equipment; recommended hygiene practices; and
information for cleaning up spills.

Most, if not all, of this information should be available on the
safety data sheets, in technical bulletins, and from suppliers,

contractors, and so on. Then the catalyst that puts it all to-

gether is our own personal,expérience: ;

The important thing is, once you have gotten it all together, make
use of it. It doces no good unless it is transmitted to the worker.
Our practlce is to pass along this information as part of the
original safety orientation and during safety meetlngs.

One information technigque that we use a great deal is the Line
Safety Sheet that I menticned before, a cone-page form summarizing
all the information we have accrued on a given substance. The
sheet is reviewed with the employees invelved prior to starting

- production on a particular line, and it remains posted in the work
area for the duration of the run. After the run, it is filed.
With a hundred or so formulations, we start up a line several
times a year, and it seems as if we are doing this procedure a
couple of times a week. Anyone going on line after startup also
reviews the sheet, All employees sign the sheet.

If an exposure does occur, say a skin exposure, it is recorded on
the sheet. Also recorded is the action which was taken; in the
case of a skin exposure, a shower would be in order.

Under the heading "Exposure Route" are two columns. The left
column is for listing the material (technical, finished product,
other). The right column is for lzstzng actlons taken to any
exposure to a materlal. -

Listed elsewhere on the sheet are the different jobs involved in

producing the line and the persocnal. protectlve equipment required
for each: eye protection, breathing equlpment, clothing, gloves,
boots,. aprons, and a shower m;dshzft.'

Housekeeplng is another area to which we pay close attention. I

think it is meortant that workers are involved in housekeeping.

The objective is to keep clean as we .operate--for example, clean-

ing up spills which mlght occur during-a shift. Another part of

our housekeeping effort is to ¢lean out an area between runs.

Twice a year, at inventory- takzng tlme, we. do. a thorough cleanup
as well.

Each area and material has its own prescribed cleanup procedure.
For liquids in. the production and warehouse areas, we use absor-
bants, followed by decontamination as necessary. With dry prod-
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ucts, we avoid sweeping- to as great an extent as possible. . We:
use vacuums and air drawoff hookups to pick up these materials.
Between products we use the floor sweeper and scrubber.

LINE SAFETY. SHEET -

. PRODUCT TEC TYPE TOXICITY

HEAT : : : 1 METHOD, : _MAX. TEMP. .
‘ EXPOSURE_ROUTE '

1. 1.
2. 2.
3. - 3.
OTHER ACTION
1. 1.
2. 2.
3. 1.
. OTHRR | ACTION
] 1. 1.
2. 2.
. 3 : 3.
T . . P
2. _ ‘ - ST 2e
3. 3.

TTPE OF PERSONAL EQUIFMENT IRED
Procectionm ubber [Shower
Jab e Breathing| Clothin oves s Mid-Shift

Eoployess' Signatures Date Signatures Data Producstion
‘ [~ Race 8 Hrs.

Package Size
Veight
Targat
Max.
Ma.




In the warehouse and the alsles we run the riding floor sweeper -
daily and the floor scrubber perlodlcally. Broken bags must be
repalred promptly. . ‘

The shower, to;let, and locker room are wet—mopped tw1ce a day,
more often if necessary. Surface areas are routlnely cleaned.
Workers do their own prellmlnary self-cleaning 1n the product;on
area, as necessary. o

The lunchroom, a separate room, haslzts'floor mopped once a day,
and.. the other surface areas cleaned twice a day. The office, too,
is mopped dazly, and cleaned as needed.. - :

Our personal hygiene programuls<exten51ve. Prior to breaks, lunch,
using the toilet, or smoking (in designated areas), employees are
required to wash. their hands and faces and make sure that their
clothing is not dirty. Employees may eat only in the separate
lunchroom, and are not permitted to eat, chew gum or smoke, or
carry such items Ln the plant. : ‘

We provide oomplete work unlforms, includlng underwear, handker-
chiefs, pants, shirts, and. jackets. These are never to be worn’
home, but are to be;left in receptacles for proper cleaning in
.our clean. room.. .A complete clean clothing change is available at
the start of the shift for each employee. At the end of the day,
employees take a thorough shower--we. stress hair washing and
scrubbing the fingernails. Some preducts requlre a shower at
lunohtlme as well, as noted earller. '

We provzde speczal receptacles for turnzng in resprrators or other
personal protective equipment.  Clothing is separated by toxicity
for special handling. One individual has the job of decontaminat-
ing, cleaning, inspecting, and maintaining clothing and safety de-
vices. Thls same individual does the moppxng and cleanzng.

Our procedure regardlng respirators beglns with removzng the
cartridges for disposal. Respirators are scaked in a high pH
chlorine solution, which is easy on rubber. Respirators are then
cleaned, rinsed, inspected, dried, .and set out for the next use.
ihmlii; procedures are the order for rubber boots, gloves, and

e e. .

Clothing is*inspected to.insure'thatvit is“in.good-repair. Pants
and shirts generally need to be replaced once a year.

Weather also influences our work practices. On very hot and humid
days we reduce our per-shift productivity expectation., We also
advocate relieving sameone to get a drink of water, clothing change
if necessary, and sometimes even a shower. We start the morning.
shift at five instead of seven so that employees do not have to
work as long in the heat.

93




Now I will describe some of the procedures we employ in case of
physical expcsure. When an employee has been doused with a liquid
material, he uses the emergency flood shower, focllowed by a ‘
thorough soap-and-water shower and a change to clean clothes. The
contamlnated clothing receives special handllng in the ¢lean room.

To handle a splash in the eye, the employee flrst uses the emer-
gency eyebath, probably followed by a shower. If the amount or

nature of the chemical is more serious, then the employee would .
be taken to the hospital for treatment.

We work closely with hospitals in the matter of poisonings, in- -
cluding keeping them informed of what we are deing in the plant,
particularly in the matter of highly toxic materials. If an em-
ployee is exposed to a poison, the employee is taken to the hospi-
tal. Labels. and other technical infermation are taken too. During
their off hours, employees still carry a card for organophosphate
(OP) poison symptoms. Plant management phone contact numbers are
on the card. Besides ipstructing employees to always carry this
card, they are also told to be sure their families and friends

know about it and about presenting it at the hospital

Our blggest exposure s;tuations are the cleaning of bag houses and
mixers. We have to get inside ours. We use the buddy system for
shorter work per, ®ods, supply extra protection such as supplied air
 hoods. and Tyvek suits; and require clothing changes or shower if
necessary. The electrlcal "lockout" ‘program is employed

For greater production safety, we’ advocate maintaining an even
work pace all day long. As another measure, plant workers, in-
cluding supervisors (myself included), are annually rated on
safety, a rat;ng which carries a lot of weight.

Job rotation is another measure we take to limit exposure poten-
tial. Rotation occurs on the same line during a shift and line
to line on a few days to a weekly basis. Not only does this
limit exposure, it alsc provides excellent crosstraining.

The last item I would like to mention is maintenance. Stay ahead
of things. Keep air drawoffs adjusted and in good working crder.
Pay attention tO‘potential leaks by keeping packing in proper
condition on mixes ‘and hoppers and so on; fix preventively. It
is also up to the worker to recognize the 1mportance of alerting
the right people to malntenance problems. :
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IMPLEMENTATION OF GOOD WDRK PRACTICES THROUGH EDUCAEION AND TRAINING
. Martin McGinn
Southern Mill Creek Products Company

" Southern Mill Creek‘ProduotsﬁCOmpanyf(SMCP) is located in- Tampa,
where our manufacturing facilities- are,‘’ We have branches in Miami,
* Jacksonville, Atlanta, Puertoc Rico, Costa Rica, and London. We:
currently employ 130 people, approximately 90 of whom are in ware-
housing and manufacturing. We have 182 EPA registrations, 165 of
which are processed through our plant annually.  Our labels include
all pesticides with primary emphasis on- insecticides, fungicides,

~ and herbicides. In many instances the training and educational

practices that we use are applicable to this NIOSH symposium.

There are few good books written on how to educate and train the
production workers in the pesticide formulation and manufacturing
- environment. However, someﬂbaszc guidelines are obviocus. - Thls
- is what my report will cover: -the practical methods we use at .
SMCP in 1mplement1ng educational and training programs for the -
worker. - . , : :
Before discussing the t:aininqurogram, first I will comment on
the educaticnal, or preemployment, aspect, as this is most impor-
tant. The area of ‘overlap between training and education seems
to involve more the generation of an awareness of what good work
practices are. Education seems to involve more of an enlightment
in-attitude-and perspective, -something which seems to be all too
often neglected. As pesticide formulators and manufacturers, we
are morally obligated to disclose the full nature of the hazards
involved in our business, in that materials substitution and en-
gineering controls cannot be completely effective without worker
cooperation and understanding. Educating employees to respect
the- materials and processes they use must: yield the proper per-
spective without generating-undue fear. They must understand that
chemicals are not of themselves necessarily "bad"™ or "good," but
instead depend on use, type, amount, environment, and so-on. In
other words, the subject of How dangerous a substance is can be
answered most accurately by stating that it is entirely dependent
upon how it is handled.  For example, many chemicals are essential
. to-good health in small quantities; in larger quantities, they are
acutely and chronically toxic., The popular concerns on hazards
of our environment-often fail to- reallze that "environment" does
not. necessarily equal "industry." "It is- not technologically -
feasible to create-a zero-risk situation; "However, with good
. workplace practices-'we can-achieve an' acceptable level of risk.:
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Because of the emotional aspects of such an issue, cbjectivity
seems best achieved through educating the attitude to achieve a
good perspective. Specifically, these are some cof the actions
that we at SMCP implement relative to education and preemployment.

We prefer that all our plant and warehouse employees have at least
_a hlgh school education. This is not mandatory, but through ex-
perience we have found it to be best if we are to properly in-
doctrinate and train all our employees in handling pesticides and
understanding our company policies.

Three local agencies in Tampa prescreen employees for us, depend-
ing upon what the job description is. They do not charge us a
fee and we do not charge the employee. We also use Florida State
University for local agencies that relate to minorities.

The interviewer discusses each job description for which the em-
ployee is being hired, including the duties required. Again, it
helps to have someone who can read and write, and, most lmportantly
understand what the ]Ob actually entails.

We do not use any form of testing prior to hiring at the produc-
tion level. We feel that screening by agencies, the interview
with our personnel manager, and, finally, the plant interview with
one-of our supervisors give us a good handle on whether or not.the
employee will fit into our company workforce. We do, however,
make it a p01nt to discuss the potential employee's background .
with a prevzous employer. ’

We thoroughly explain the rationale behlnd our. preemployment
physical, including the rationales for chest and back x-rays,
urinalysis, and blocd work, which is mandatory for allrplant,ware-
house personnel within our company. It is worth noting that people
react negatively to preemployment physicals if they are not ex-
plained properly at the beglnnlng. :

Last, there is a thzrty-day probationary period in which we have

an opportunity to look at an employee and the employee in turn has
an oppertunity to look at us. If we have done a good job in the
first thirty days, we usually keep the employee once the individual
- formally comes on board.

This concludes the,discussion of educational and other preemploy-
ment requirements. Next we-will cover our indoctrination and
training procedures. \ co

Let us start with day one. A new employee is hlred at SMCP in our
dry manufacturing department. During the first time frame, days
one- through five, few, if any, specific duties are assigned to the
employee. ' Instead we review safety equipment requiréments in the
departments, including instruction on proper care of respirators,
safety shoes, gloves, and so on.- We review our personal hygiene
programs, including medical programs, proper removal of dust from
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" clothing, and the reasons that we require daily showers and wash-
ing of hair. We train in emergency procedures, including the
actual use of a fire extinguisher and showing the emplovee where
they are all located. New employees thoroughly review and sign
cur safety manual. " After this first. week there is a.brief ques-
tion-and-answer period.given by the safety director, based on the
manual. Finally we review company pelicies concerning vacation,
leave,: absenteeism, and insurance.- To sum up, during the first
five days we try to make the employee feel at home within our
env;ronment. ,

The second tlme frame Ls our thlrty-day probatlonary perlod. Dur-
ing the next three weeks we begin on=-the-job training in the actual
job area. We teach proper handling of the materials in-the plant,
including  the proper safety equipment required when handling cer-
tain materials, proper lifting techniques, and proper use of equip-
ment. for transferring materials, pumps, and so on. We try to give
a new employvee job. assignments during the first thirty days in
each of cur manufacturing areas of cperation. We want all new
employees to become familiar with each. job and each piece of manu-
facturing equipment. This has obvious benefits, allowing us to
utilize employees fully for safety reasons so that we can rotate
persconnel over-an eight-hour-shift, and for-flexibility, if work
¢rews are shorted because.of absenteeism or tardiness. We have
weekly safety meetings every Friday morning with the safety direc-
tor to explain products, safety equipment, and so on as they re-
late .to OSHA, including medical records and TSCA, where applicable.
This is. over and: above our normal weekly safety meetxng for all
company, plant, warehouse, and equ;pment personnel .

We have now brought the employee through the first th;rty days..
At this time he is evaluated by the superviscor on his anniversary
date, and we lcok at such areas as safety, absenteeism, tardiness,
initiative, handling of the job, and so on. A standard form for
evaluating people .is used to eliminate subjectivity. We person-
ally discuss the situation with the employee and a "go" or "no go"
decision is made at this time. If we feel he has done a good job
in the first thirty days, the employee will ‘stay on with us; if
not, we choose to terminate the employee. In our opinion, the
first thirty days are critical in training and indoctrination if
you are to have a satisfactory employee in the future. Therefore,
it behooves the employer tc make a concerted. effort durlng thls
time frame to create a. proper env1ronment..

With the probatlcnary perlod, the next two months constztute a
ninety-day time frame of further training and education.. The in-
doctrination and training during this perlod consists of. thorough
training in the materials we handle,. equipment, processes, and
work practices. Training is done primarily by the individual
supervisor or foreman.on the job.  Our policy is to review and
make sure that the emplovee understands the safe operating pro-.
cedures in-each work area and. each job.'duty. .We also review the
hazards lnvolved, not only in handllng the pesticides themselves,
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but-also the -inerts, diluents, solvents, emulsifiers, and active
ingredients., We review so that the. employee will understand the
proper procedures for the cleanup of spills or discharges, along
with the presence or release of a pesticide in the workplace. We
also ask the new employee during this ninety-day time frame to.
participate in the weekly safety meetings.. It is mandatory that
all employees attend these meetings, as most of them relate to
specific traxnlng areas of material handl;ng, equ;pment, and work
practices.. - . - i . R : :

During the first three months of employment we get a good feel for
‘the safety habits. of our new employees:; identifying-those who are
careless and. require frequent medical attention and those who are
simply accident prone, as some people are.  Certain actions are
required. of all employees during this period. We monitor his
personal hygiene and sanitary habits, including daily showers, .
hair washing, wearing clean underclothing, wearing safety shoes,
and washing properly prior to eating or breaks. Monitoring is
done by the safety director and by the immediate supervisor in that
department. We monitor to see that employees properly use and
properly care for ‘those uniforms that are not to be worn outside
the work area, We make certain that these uniforms are placed in
the disposal area for contaminated clothing and are properly ‘worn
during the work day. We proh;bxt smok;ng and eating in areas:

" where pestlcldes are handled : R )

After thls nznety-day perzod has elapsed, we do bloced: and.urlnaly-
sis tests for monitoring and put the results into a medical his-
tory file. The three-month followup. gives us a good baseline on
the overall health of the employee. Based on our files and the
recommendation. of the immediate supervisor and the safety director,
we again sit down with the employee, this time to evaluate the
first three months and to set the stage for the future.

Three months to one year makes up our ongoing education and train-
ing program. By now we feel the new employee .can contribute sig-
nificantly to ocur future workfcrce and move within our organiza-
tion. The employee recieves an automatic pay increase within

this time frame, directly related to job performance during the
initial three-month period. We don't just bring an individual in
at a base salary and then leave him there for a year before we
evaluate him. If we have done a good job during this three- to
twelve-month period of training and education, we will keep the
employee within our organization. For example, of our existing
workforce of seventy-five to ninety people in the plant (dry and
liquid), depending upon the time of the year, ninety percent of
these employees have been with us ‘over one year. This is unusual,
since in Tampa, due to the tremendous amount of construction going
on, there is no unemployment.  Over seventy percent have been with
us five years. ' Proper indoctrination and training minimizes em-
ployee turnover and dissatisfaction, and believe me, ladies and.

- gentlemen, that comes down to the bottom line at the end of the:
year. - SRR - SRR - I . g o
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Our ongoing training and education during this period consists of
some other elements, which I would like to review with you. The
first is participation“in‘company-qunsored programs. Tow motor
training is one. We want all of our plant and warehduse personnel
to operate tow. motors, so they are sent to’ school and trained by
the company whose tow motors we are using. - - -

We sponsor two Red Cross training days‘annually. We pay for the
training manuals and the time involved. This program has bene-

fited us on a number of occasions, both at work and outside the

work environment where employees who have had Red Cross training
have assisted at the scene of accidents.

After employees are with us at least six months, we encourage
them to take advantage of our Educational Assistance Program.
Supervisors and management must approve courses prior to enroll-
ment, Once approved, the company will pay for the course, the
books, and even transportation, after management has received the
employee's transcript. Currently, in the operation area of our
company, we have two people working on advanced degrees, eight
people working on undergraduate degrees, and four enrolled in
Hillsborough Community College, a small junior college in the
Tampa area. We encourage this Educational Assistance Program.
Employees, in turn, feel a closer tie to the company and, in the
long run, make much better employees._

We have an education program to. teach the use of a flre extinguisher.
Annually, we schedule a session (through the local fire department)
in which: all. employees of our company, including secretaries and
front office, are required to handle a fire extinguisher and

actually put out a small fire. This program has paid for itself

on a number of occasions. Also, all plant and warehouse super-
visors are certified by the local fire department where they re-
ceive advanced training in a day-long seminar.

We also have other company educational training programs through
our industry contacts. I send select company personnel to these
meetings, which cover areas such as supervisory training. Here
they learn to motivate, train, and understand young employees.

We spend a great deal of time in this area. To bridge the language
gap with minorities, primarily Latins, we have supervisors in the
plant who are bilingual. We also use outside assistance in train-
ing these employees. Key employees, primarily supervisors and

lead persons, attend meetings of government agencies such as OSHA,
DOT, EPA, EPC, and others, or attend seminars if they are in the
Tampa area or the southern part of the United States. The more - LT
that we, as employers, make the employee aware of his job and

what it entails, the better off we are.

In summary, by walking you thrcugh with a new employee and showing
how we melement education and tralnlng through the first year,

and the ongoing training that we utilize, I hope I have given each
of you some: idea of how a successful program can benefit both the
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employee and the employer. Whatever methods are used to train and”
educate workers in the pesticide environment, the most fundamental
means involves that which is exemplified by management. If this
is not present, the rest will not follow readily. '
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- ROLE .OF - PROTECTIVE CLOTHING IN EXPOSURE. CONTROL.
Joseph L. Wolfsherger = ‘
Monsanto Chemical Company

ar

I will be dlscusslng perscnal protective equipment in general and
then work from the head down, describing some of the types of equip-
ment that are applicable to the chemical and pesticide industries.

My definition of personal protect;ve equipment is that it is a
barrier between a person and a hazard. As I.see it, there are
four major uses: of personal protective equipment. The. first is’
when engineering controls are not feasible. The second is the in-
terim measure after you have discovered a problem. You are putting
in the engineering controls and continuing to work on. the control
solution. Another use is during emergency situations. Finally,
protective equipment can be used when the potential exists for an
unexpected occurrence which could cause serious pEyslcal harm.

The most common equlpment in that s1tuatlon are safety shoes, ‘hard
-hats, and glasses. . LU e s s R

To begln dzscussing safety equzpment, let' s start w;th head protec-
tion. There is the full-brimmed hard hat (the brim signifies =~
that it is an actual hard hat).. The most commonly seen helmet in
the Lndustry is known as. the. hard cap. It is: brimless with a peak,
~and is made of plastic. . L

There are a number of classes of safety helmets. The first is
Class A, which provides limited voltage resistance for general
service.- Regulations provide that the Class A helmet shell be
‘8low burning, water res;stant, and that the helmet weight not
exceed fifteen ounces .. o :

The next type'rstlass B.’-It.is;similar to‘Class.A,'except for

the electrical properties. Class B helmets offer high=-voltage

. resistance, The shell has no holes or metal parts, and should be
water resistant and slow burnlng. Weight is. not to exceed fifteen

~and a half ounces. o ' o ‘

Class C is the hard cap, which has no voltage resistance. It is
lighter than plastic, of‘metallic.construction, and weight is not
to exceed fifteen ounces. It is commonly used on construction
31tes where there are no overhead electrlcal hazards._

The ‘fourth type is Class D, whlch prov;des llmlted protectlon for
flreflghters. The shell ‘must be fire res;stant.,' S ,
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There are some accessories for hard hats. The. suspension is what
actually gives the helmet its protective quality, because it keeps-
the helmet one and a quarter inches above the head surface. The
shock of any impact is distributed over the whole head, rather
than localized., There are also hard hat liners to protect the
head against the cold; and chinstraps are available too.

You can tell whether a helmet meets ANSI standards. Those that do
are imprinted with the manufacturer's name, ANSI designation, and
class; you can generally find this underneath the brim, prlnted

or raised.:’

Another head protection is the acid hood. Acid hoods are made from
chemically resistant materlal. You may need supplied air systems
with this hood ' g e e S C : . :

A number of face shields are available to provide face protection. '
There is the type that is attached directly to the head and offers
crown protection, covering the top of the head. There is the

type without crown protection, just the face shield itself with no
lip over the top of it. There is also the type which has crown
protection and goes even farther, offerlng protect;on under the
ohln and on the s:des of the head. moae e

It is meortant to remember that face shlelds are not desrgned to
protect the eyes. If there is' a chemical explosion, the person
usually turns his head, which opens up the whole shield. The types
~ of lenses (windows) that go with the shield should be chosen de-
pending on their applicability to the situation. The most common
is the clear transparent type, which is what you would use in most
chemical situations. It provides good visibility. There is a
tinted transparent lens, a wire screen (more applicable to heavy
industry), and a combination of plastic and screen, and then there
is the fiber with filter plate mounting. Generally face shields
should bhe worn in oonjunotion“with‘proper eye~proteotion.

Safety glasses are probably the most common type of eye protection
in controlled situations. These have impact-resistant lenses and
frames. A drop test is used, where a steel ball one inch in diam=
eter, weighing 2.4 ounces, is dropped fifty inches intc the lens.
If it passes that test, 1t gets ANSI approval (287.1).

There are options on~safety glasses. Side shields, either perman-
ently attached or the add-on type, are one option. Tinted lenses
are another, for outdoor workers especially:; presorlptlon glasses
are another.

There are two basxo types of goggles.' One is chemical splash

' goggles. Theyrare not intended to have the impact resistance of
safety glasses.  So if you are in a situation where you have had
.impact as well as splash problems, you ocught to back up the splash
goggles with the safety goggles. ' Another type, vapor goggles,
cannot be worn with safety glasses because they fit too tightly.
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Another dlsadvantage of vapor goggles is that a tug will break the
seal . (as with full face resplrators) and allow ‘the vapor in.

There are many hearzng protectlve devzces ' Most‘51mple is the
plug, and there are various types of plugs: disposable foam rub-
ber, Swedish wool, wax-ccated Swedish woecl, and plastic. Plastic
'plugs need maintenance in that they must be kept sanitary. Atten-
uation on these types is ten to twenty decibels. Swedish wool is
similar to cotton, but cotton does not have the attenuation
properties of Swedish wool andlehould not be used in its place. .

Another hearing protective device is muffs. There are varicus’
types. The over-the-head type cannot be worn with a hard hat.

. Other types are behind the head, front of the head, and helmet

mounted. The cushions themselves are filled either with liquid
-or foam. Liquid-filled cushions are cooler as a rule.

At this point I would like to expose a common fallacy concerning
hearing protection. . People say that they can't hear as well with
hearing protection on. 1In a”high—noise situation, you can actually
hear better. The noise level is reduced twenty or thirty decibels
to.a range in which the ear is. actually more sensitive., With a
‘combination of. plugs and muffs, -you get a reductlon of thzrty to
thirty=-£five deczbels. : : o . - _

For'hend-protection, there are many types of gloves. Canvas is
most common, but is not good in this industry because the canvas
can act like a sponge. The leather glove is used more for mainte-

nance and heavy equipment. It too absorbs chemicals like a sponge.

Rubber gloves can leak solvents through. Neoprene has good acid
resigstance but not a good chemical resistivity. Polyvinyl chlor-
ide (PVC) has better resistance to chemicals and acids. PVC gloves
come in a variety of styles: high gauntlet, short glove, and cot-
ton lined. A problem with PVC gloves is that some solvents will

go right through them, s¢ a new type, polyvinyl alcchol (PVA) was
developed, with a better solvent resistivity but not as good in
some aspects of chemical resistivity.

A new glove, made of V:Lton® has gocd chemical and solvent re-
sistivity and also does not swell or deform in water as PVA can.
These gloves are not cheap, but there are situations where they
are applicable. There are also gloves made of n-butyl rubber
nitrile. [A list of chemicals and their effect on rubber is in=-
cluded at the conclusion of this speech ] ‘.

The.range of body suits is wide. There are full acid suits for
extremely hazardous situations. Most have provisions for supplied
air. The material and construction will wvary, though most are

hot and tough to work in. There are also chemical-resistant sults,
which are lighter and flexible and which may also have provisions
for supplied air. Rain suits are generally made of PVC, resistant
to chepgicals and acids., Thege are also disposable coveralls.

Tyvek ), One type of Tyvek suit is deszgned to breathe and the
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other is not, so if you are buying them to prevent exposing’ your
workers to chemicals, don't defeat your purpose by buying the
semi-permeable one. And, finally, there are flame-retardant
coveralls, but after one or two washlngs, the flame-retardant
propertles are gone. , :

Regarding safety shoes, ANSI has a number of different classifica—
tions for them (Z241.l). There is Classification 75, capable of
withstanding an impact of seventy-five pounds and compressiocn of
2,500 pounds, while maintaining 16/32 inches of clearance between
the steel and the toe. Classification 50 is capable of withstand-
ing an impact of f£ifty pounds, compression of 1,750 pounds, and
clearance of 16/32 inches, and Classification 30 withstands an
impact of thirty pounds, compression of 1, 000 pounds, and clearance
of 16/32 inches.

Safety shoe accessories include metatarsal guards and metal instep
guards. The basic difference is that the metatarsal guard is
higher on the foot and is incorporated into the shoe itself.

There are different "rubber”™ boots and shoes. Neoprene shoes have
good acid protection but peor chemical resistivity. We have vinyl
boots which do have good acid and chemical resistivity. All these
shces are available with steel toes and shanks. '

This is how I regard protection in the chemlcal and pesticide
industry. ;

ey
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CHEMICAL DEGRADATION GUIDE FOR GLOVES

.POLYVINYL POLYVINYL S
S : ‘ - R CHLORIDE ALCOHOL NER
 CHEMICAL | o RUBBER NEOPRENE (PVC) (PVA) - NITRILE.

1. Acetaldehyde

2. Acetic Acid

3. Acetone ' _

4. Ammonium Hydroxide-
5. Amyl Acetate

6. Aniline

7. Benzaldehyde

8. DBenzene

9. Butanol

- 10. Butyl Acetate

11. cCargon Disulfide
12. Carbon Te:rachloride
13. Castor 01l

l4. Chlorohenzene

15. Chloroform o
16. Chloronapthalene
17. Chromic Acid

18. Citric Acid

19. Cyclohexanol

20. Dibutyl Ph:halate
21. Diethylamine

22. Di-Iscbutyl Ketone
23. Dimethyl Formamide
24, Dioctyl Phthalate .
25. Dioxane

26. Ethanol

27. Ethyl Acetate -
28. Ethylene Dichloride
29, Ethyleme Glycol

30. Ethyl Ether

31. Formaldehyde

32. Formic Acid 90%

33. Freon-

34. Furfural .
35. Gasolene (White)
36. Glycerine

37. Hexane

38. Hydrazine 65%

39. HC1 .38%

40. HC1l :102

41. Hydrofluoric 48%
42. Hydrogen Peroxide
43. Hydroquinone Saturated.
44. TIsobutyl Alcohol
45. 1Iso=0Qctane

46. Isopropanol

47.. Rercsene .

48, Lactic Acid BSZ
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E = Fluid has very little deéfﬁding effect . P - Fluid hés pronounced degrading effect
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- ' “POLYVINYL ‘PULTVINTL

_ L . . CHLORIDE ALCOHOL NEBR
CHEMICAL ,. S RUBBER NEOFRENE  (FVC) (PYA) NITRILE
49. lauric Acid 362 . o E - F E

50. Linoieic Aicd

51. Linseed 0il

52. Maleic Acid Saturated

53. Methanol

54. Methylamine -

55. Methylene Bromide

56. Methylene Chloride

57. Methyl Ethyl Ketone

58. Methyl Isobutyl Ketone
59. Methyl Methacryate-

60. Monoethanolamine

6l. Morpholine

62. Naptha ;

63. Nitric Acid 70X

64. Nitric Acid 102

65. Nitric Acid Red Fuming
66. Nitric Acid White Fuming
67. Nitromethame 95.5%

68. Nitropropane 95.5%.

69. Octyl Alcohol

70. Oleid Acid =

71. Oxalic Acid Saturated.

72. Palmitic Acid Saturated
73. Pentane . T
74. Perchloroethylene

75. Parchloric Acid 60%

76. Phenol o

77. Phosphoric. Acid

78. Picric Acid Saturated -
79. Potassium Hydroxide 50%
80. Propyl Acetate .
81. Propyl Alcohol .

82. Propylene Oxide

83. Sodium Hydroxide 50%

84. Styrene ‘

85. Sulfuric Acid 952

86. Tannic Acid 65%

87. Tetrahydrofuran

88. Toluene ‘

89. Toluene Di-Isocyanate

90. Trichlorcethylene
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91. Tricresyl Phosphate F

92. Triethanclamine 85% E

93. Tung 04l F

94. Turpentine P

95. ZXylene NR

E - Fluid has very little degrading effect P = Fluid has pronounced degrading effect
G = Fluid has minor degrading effect : NR = Fluid is not recommended with this

F - Fluid has moderate degrading effect material
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RESPIRATORY PROTECTION PROGRAM eas:c PRINCIPLES
James J. Murphy i
'Senlor Industrlal Hyglenist, Monsanto Chemlcal Company

Mygdiscussion'today centerS'around*a specialized form of‘personal
protective equipment--respirators--and some basic concerns related
to their use for protection against dusts and vapors. The defini-
tion of a respirator is "a device worn over the mouth and nose

' for protecting the respiratory tract." The proper use of this
type of protective equipment is not so simple, as we'll soon see.

To put our discussion into perspective, let us review just where
respirators f£it into the overall exposure control effort., Res-
pirators are used when engineering controls are not feasible (for
example, during_nonroutzne maintenance or repair ‘'of formulation
equipment); while engineering or administrative controls are being
instituted and evaluated; and during emergenc;es such as flres

and large spllls. B -

" Por moderate to large employers (flrms w1th more than ten employ-
ees). OSHA regulation 29CFR1910.134 addresses specific requlrements
©of respirator use. These requirements can be summarized into
eleven points, including: written standard operating procedures:;
selection; training and fitting; individual assignment; cleaning
and disinfection; inspection and repair; storage; surveillance of
' use; program evaluation; medical surveillance:; and the use of only
NIOSH/MSHA respirators approved for the specific hazard. These
eleven points combine to form a comprehensive resplratory ‘protec-
tion program. .

My discussion will concentrate on four major points of the eleven
just mentioned: selection, fitting, training, and maintenance.

In selecting the correct respirator for the exposure situation, the
nature and. extent of the hazard, the work requirements of the job,
and the characteristics and limitations of the specific types of
respiratory protection commonly used in. pest1c1de applications.
(chemical cartridge, gas mask and supplled alr resplrators) must.
be carefully rev1ewed

Respiratory hazards can be broken down into two major categories:
oxygen deficiency, that is, . a work situation where the oxygen con-
tent is less than 19.5 percent, or in the presence of toxic con-
taminant (in the form of gases and vapors, particulates, or a com-
.bination of both).. In most cases, excepting confined space entry,

107"




‘the‘hazard may also involve: low oxygeh content (less than.19.5
percent) .

To determine the nature and extent of the hazard in order to select
~ the correct respirator, some basic information must be gathered.
Before selecting a respirator, you should always ask the following
questions: What is the chemical name of the material? What is
its exposure guideline (for example, ACGIH=-TLV or OSHA-PEL)? Will
it be used in liquid, solid, or gasecus form? What is the maximum
expected concentration where the-:espirator will be used? Will
the material be heated? 1If so, is it flammable? Dces the esti-
mated concentration approach the lower exposure limit (LEL)? What
. is the odor threshold (the concentration at which you can first
smell the material)? Does the material have gocd warning proper=-
ties? At what concentration is the material considered to be
immediately dangerous to life and health (IDLH)? Can the material
be absorbed through the skin? Is the material an eye irritant?
At what concentration? Does the material adsorb well, on charcoal
and other 'substances? .

The NIOSH/OSHA deéision lo§ic“for sélecting a respirator can also
be used, and the chemical and respirator manufacturers and NIOSH
can be contacted for their recommendations.

In quantifying the concentration of the material present in the
workplace, air sampling measurements should be made by an indus-
trial hygienist or a safety engineer trained in air samplxng. Once
the range of airborne concentration of the material is determined,
this information is matched with a respirater that will provide
adequate protection. Different styles (quarter, half, and full
face) and classes of respirators (air purifying or air supplied)
provide different degrees of protection. The degree of protection
afforded by a respirator, the protection factor (PF)*, is basically
a measure of respirator-to=face seal leakage. ‘

A protection factor (PF) is valid only if, first, the wearer can
clearly obtain a good facepiece=to-face £it, without facial hair
interference, for example., Second, if the cartridge/canister/
filter has adequate service life for the material, and, third, if
the material has adequate warning properties.

The méximnm-use'COncentration (MUC) can now be calculated to the
specific respirator to be used and the TLV or PEL (MUC=PF x TLV/PEL).

If the measured-air-contaminant concentration is lower than the
maximum-use concentration for the respirator, then the respirator
should provide adequate protection. If not, you must select a
style or class of respirator which has been assigned a higher pro-
tection factor. We'll talk more about how protection factors are
determined later in our discussion of respirator f£it testing.
*Protection factor (PF) is the ratio between the concentration of
contaminant cutside and inside the facepiece.
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Respirators are commonly broken down- into two major classes, air
purifying and atmosphere supplying. There are limitations to the
protection that each type of equipment can provide. An air-purify-
ing respirator does exactly what its name indicates--it purifies,
or removes contaminants. It is important to note that it does

not supply oxygen and should never be used in oxygen-deficient
atmospheres (less than 19.5 percent O2). "This air purificaticn is
accomplished for particulates (dusts, mists, fumes) by filtration.
Activated or chemically treated charcoal or other sorbents are
used in varying amcunts {(cartridges or canisters) to adsorb,
absorb, or react with a gaseous contaminant and to remove it from
the inspired air. There are a number of different types of air-
purifying cartrldges designed for removal of speclflc air contami-
nants. : :

Although an air-purifying respirator may be approved for"a class
of materials (for example, pesticides), this dces not mean that it
is adequate for all pesticides. Certain pesticides may not sorb
well on activated charcocal, have poor warning properties, and so
on, and for these types of materlals, alr—supplled respirators
would be the proper cho;ce. ' :

Alr-purlfying resplrators can be purchased in a half-mask or a
full=face style for additional protection. Full-face pieces
should also be used when the material being handled is an eye
irritant. TFor use in higher contaminant concentratlons, an ap-
proved full-face pest;c;de gas mask or supplied air equlpment
should be used. :

The second major'classvof.respirators is the air-supplied type..
These provide respirable air to the wearer and should be used for
protecticon against high concentrations of contaminants, in oxygen-
deficient atmospheres, or where air-purifying respirators are in-
adequate to remove the pesticide contaminant in question, due to
poor adsorption on charcoal, poor warning properties, and so on.

Two types of air-supplied respirators are currently approved by
NIOSH/MSHA and are applicable for pesticide use. The first type,
an air-line respirator, uses a stationary source of compressed

air which is supplied to the user through a high-pressure hose.
Air-line respirators are available in "demand", "pressure-demand"”,
and “continuous-flowf'configurations. Air-=line respirators pro=-
vide a high degree of protection, but their use is limited to con-
centrations of materials Judged not "immediately dangerous to life
and health," since the wearer is totally dependent upon the Lnteg-
rity of the breathing air line for safety. - In an unknown c¢oncen-
tration of a material or a concentration which ls known to be
immediately- dangerous to life, an air-line respirator must have an
auxiliary air supply to protect against failure of the air-line
hose or primary air supply. The combination air-line and self-
contained-breathingfapperatus.(SCBAJ respirator is essentially the
same: as. an. air-line respirator, with an added small compressed air
cylinder, and can.be used during emergency escape from an immedi-
ately hazardous s:.tuat;on. P
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A second type of air-supplied respirator is the self-contained
breathing apparatus (SCBA). In this case the wearer carries the
supply of breathing air with him. A typical open-circuit SCBA
consists of a cylinder of high-pressure compressed air carried

on the back and a multistage regulator, which reduces air pressure
to an acceptable level and feeds it through a corrugated breathing
nose to the full-face piece. SCBAs are used widely for firefight-
ing, spill cleanup, and so on. A pressure-demand (positive pressure)
SCBA provides the maximum amount of protection for the user and is
recommended in any situation wh;ch could potentlally be immediately
dangerous. to life, _

The-secondipoint in our discussion today, and a major part of any
good respirator program, is fitting. It is important that a res-
pirator be fitted properly to the user at the time it is issued.
The resplrator will not provide the necessary protectlon for the
user if it is not sized properly for the user's face or if the
user wears it improperly. :

The purpose of the fitting test is, first, to select the best
fitting respirator from a number of brands of the same style; and,
second, to. teach the user to don the respzrator properly.

There are two. types of fit tests, qualltatlve and guantitative.
Qualitative fit tests are fast, simple, and easzly performed, but
have the disadvantage of relying on the wearer's subjective re=-
sponse. Quantitative fit tests indicate respirator fit numerically
and do not rely on the wearer's subjective response, but the fit
test equipment is expensive, requires a specially trained operator,
and is of limited use due to its complexity and bulk.

Positive and negative fit tests are ®quick check" tests, which
should be used after donning the respirator but before beginning
work in a respirator-use area. These tests should not be used to
select the best-fitting respiratecr. The two major qualitative
tests use isocamyl acetate (banana o0il) or irritant smoke. The ir-
ritant smoke test uses a smoke tube containing stannic chloride

or titanium tetrachloride. The tube ends are broken and, using a
squeeze bulb, air is passed through the tube to generate an irri-
tating smoke. The wearer steps into a test enclosure, or hood,
closes his eyes, and the irritant smoke is sprayed around the
respirator facepiece seal area. If an air-purifying respirator is
being tested, it must be equipped with high-efficiency filters.
The irritant smoke test must be performed with caution since the
smoke is highly irritating to the eyes,; skin, and ncse and throat.
This test has the major advantage that the wearer reacts involun-
tarily to leakage due to a peoor f£fit by coughing or sneezing. This
qualitative test is much less subjective than the isocamyl acetate
test, ‘Iscamyl acetate, a. 1ow-tox1c1ty substance with a bananalike
odor, is also widely used in testing facepiece fit. ' In this case,
the air-purifying respirator should be fitted with oragnic vapor
cartridges. A disadvantage with the isoamyl acetate test is that
- the pleasant odor can quickly-dull the wearer's sense of smell.
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The iscamyl acetate test is sxmllar to- the erltant smoke test Ln
concept, however. -

Quant;tat:ve resplrator f1t tests lnvolve placing the wearer in an
atmosphere containing an easily measurable, relatively nontoxic
vapor or aerogcl. 'The atmosphere inside the respirator is sampled
continucusly through a probe in the respirator. The leakage into
the respirator is expressed as a percentage of the test atmosphere
outside the resplrator, called percent of penetratlon.

As was mentloned prev1ously, the purpose of fzt testlng lS to in-
sure that the respirator selected for the wearer provides adequate
protection. The amount of protection a respirator provides is
called the "protection factor." Each type of air-purifying and.
air-supplying respirator has been assigned a protection factor,
based on quantitative fitting research performed by Los Alamos
Scientific Laboratory of the UnlverSLty of Callfornla. :

Several factors can negatively affect the respzrator-to-face seal
and reduce the level of protection provided by a respirator. These
factors include facial shape, facial abnormalities, dentures, eye-
glasses, and facial hair. Facial hair lying’between the sealing
surface of a respirator facepiece and the wearer's skin will pre-
vent a good seal and will result in excessive leakage into the
facep;ece and a loss of protectzon for the wearer.

Selectlng and fztt;ng the rlght resplrator for a speczfzc Pest101de
application is important. ~ Equally important is that the wearer be
properly trained in using the respirator correctly. Both super-
visors and workers must be trained in basic respirator protection
practices., Training should include an explanation of the nature

of the hazard and what happens if the respirator is not worn
properly: and explanatlon ©of how the respirator was selected and
why the respirator is required; a discussion of the capabilities
and limitations of the respirator; and instruction and practice -
in wearing, adjusting, and determining the: fit of the respirator
(testlng the faceplece-to-face seal) :

Finally, the fourth major point of my discussxon lnvolved mainte=
nance., An ongoing maintenance program for respirators is a neces-
sary part of your overall program. Wearing poorly maintained or
malfunctioning equipment can be more dangerous than not wearing
equipment at all, since employees wearing such a respirator think
they are protected when in fact they are not. All respirator
maintenance programs should provide for the cleaning and sanitizing
of equipment, inspection for and repair of defects, and proper
storage. ‘

When respirators are used on a routine basis, they should be cleaned
daily. Individuals should be assigned their own respirator when-
ever possible, Individual workers who maintain their own respira-
tor should be trained in the cleaning of the equipment.
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One practical method of respirator cleaning involves the follow=-
ing six steps. First, remove and discard the filter or cartridge.
Second, wash the respirator in a good detergent containing a dis-
infectant or soap. (Use the manufacturer's recommended cleaner
if possible, and warm water, at least 120° Fahrenheit). Rinse
the respirator completely, in clean, warm water. Air dry it in

a clean area. Inspect the valves, headstraps, and other parts;
replace any parts that are defective. Finally, place a package
of new, unopened cartridges in the plastic storage bag along with
the clean respirator for faceprece. The respirator is now ready
to be relssued. ' :

All resplratory protectlve equlpment should be inspected before
and after each use by the employee, and during cleaning. Equip=-
ment designated for emergency use should be inspected after each
use, during cleaning, and at least monthly. . Self-contained
breathing apparatus should be inspected at least monthly. A minor
defect in any of these may be repaired on the spot. If a major
defect is found, the respirator should be removed from service
until it has been repaired. Never use a respirator that is known
to be defective. :

Respirators should be stored in a single layer with the facepiece
and exhalation valve in a position that will prevent distortion

0f the facepiece.  They should be located in a clean, uncontaminated
but readily accessible area, protected from sunlight, heat, ex-
treme cold, and excessive moisture. One practical storage area

for respirators is a standard steel storage cabinet.
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EVALUATION OF QUALITATIVE AND QUANTITATIVE FIT TESTING TECHNIQUES
Ronald E. Hemingway, Ph. D. -
, Chlef of Industrlal Hygiene, E I DuPont de Nemours and Company

First.I Would”Iike~to*thank NIOSHifor-the'opportunity?to-speak
here, and I would also like to acknowledge the real authors of
the content of my presentation.: They are Dr, Orrin Skretvedt and
Joe Loschiavo, who have been carrylng out thls WOrk w;thln my
group at Haskell.

I am going to be discussing flt testing, specifically a fit test
procedure that we put together, and: talking about the basics of

a well-run respirator program, ‘which, if followed, will provide

an adequate respiratory protection program for your workers. OSHA
is starting the rewrite of 1910.134, which is part of the general
industry standard for respirators. - 0SHA needs a better technical
basis with which to write this new standard. What we are trying
toc do within Haskell is help develop a new procedure, and also
letting you know that we are at a point to be in the driver's: seat
to help provzde this goed technical base. NIOSH and OSHA are-
willing to listen as long'as we come up with gocd data that can
w1thstand peer review, and that 13 what our purpose happens to be.

While it is true that engineerlng controls ‘must be and are being
instituted as the first lines of defense ‘against hazardous work-
place atmospheres, it is alsc true that they cannot sufficiently
lower the workplace concentrations to obtain the needed levels.

- Respirators must often be used as a second line: ¢f defense. - New
chemicals are produced daily,; while allowable exposure 1im1ts are
contlnually decreaSLng. Because of these reasons, resplrator use
will lncrease in the future. -

_ There are- many unanswered problems concernlng resplrator use. If
"industry wants to continue to use respirators, they must document
the facts associated with respirators.  Haskell Laboratories In=-
dustrial Hygiene Section, under the direction of the Corporate:

.Respirator Research Committee; has been identifying and addressing
several questlons need;ng resolutlon.\

To be effective, respzrators must £fit well We have developed a
simple test procedure for determining if a respirator fits a-
person's face. The diversity of face size is just as great as it
is of foot size. -Yet for decades each manufacturer produced only
one size of respirator. We have realized this error in recent
years, and we .how have dlfferent 512es facepleces.' B




Now I, as a respirator program director, must find the size which.
fits you as a wearer. I will provide you with the respirator that
is most comfortable and that also provides the least amount of
leakage. Government regulations specify that a test atmosphere

be used to check respirator f£it. Unfortunately, they have not
stated what constitutes a test atmosphere. For decades two types
of chemicals have been the predominant test atmospheres used by
pioneers in this field: iscamyl acetate, a pleasant=-smelling
chemical having a bananalike odor, and the second chemical, stannic
chloride, an irritant smoke which causes an involuntary cough. If
either chemical was detected by the test subject while he was wear-
ing a respirator, he was believed to have an improper fit. Both of
these methods are qualztatlve. That is, we must rely on the person
being tested to give us the response. Isocamyl acetate requires a
voluntary identification of the bananalike odor, and irritant

- smoke produces the involuntary cough.

Despite the fact that these methods have been in use for year, no
one has assembled a standard operating procedure for conducting
.either type of qualitative fit test. A variety of test techniques
,have.bﬁgy-used for conducting iscamyl acetate tests: Cotton.
Q-Tips W/, .cotton balls, and the- Marsh stgncil‘brush have been
used. These: applicators also vary in a lot of different’ ways.

They have different surface areas, and they preocduce inconsistent
results. They are subject to air currents in the test area and to
the rate of speed that the vapor source is moved around the face.
Some testers stand five feet away, wave. the thing around, and ask
-if you got a response. Other testers are up very close and go at
a very slow rate. Obviously this can be a broad socurce of error in
an actual fit test. These variables affect the concentration of
iscamyl acetate achieved at the sealing surfaces of the respirator,
which in turn accounts for the inconsistent results.

Such inconsistencies, and lack of proven operating procedures,
have led the government to abandon qualitative: fit test methods in
several recent health standards. Instead they mandated the use of
quantitative fit testing. This recently developed method monitors
test agent concentration inside and outside the mask and does not
require subjective response by the person.begin‘tested. Unfor-
tunately, the method is very expensive and is not without problems
of its own. --Until the recent benzene decision, OSHA never con-
sidered cost as part of their decision-making process.. However,
the recent: lead, arsenic, and acrylonitrile standards all specify
that quantitative fit testing be performed every six months., QSHA
is now seriously considering requxrlng that all respxrator users
be quantltatlvely fit tested. , : :

I belleve f1t testzng is necessary, but net to the extent of so-
phistication and cost of the present quantitative fit test units.
The investment in conducting quantitative fit tests is. substantial,
and when you consider the thousands of . companles using resplrators,
the cost becomes staggering. Many companies have just begun using
respirators and are just now becoming aware of the basics of a
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respirator program. They cannot handle the costs and do not have
the technical expertise involved in quantitative fit testing. We
have developed a qualitative fit test or a semiquantitative fit
test protocol that can be implemented by any respirator user. We
are documenting that protoccl to prove that it assures people of
receiving a proper-fitting resplrator. : .

The test prctocol conszsts of three components. Component one in-
volves the construction of a chamber having a standard test atmos-
phere. The chamber is assembled by slipping a fifty-five gallon
clear polyethylene drum liner, open end down, over a twenty-four-
inch diameter plywood disk. The disk is suspended at the appro-
priate height. Isoamyl.acetate concentrations are generated within
the test chamber by adding .Scc iscamyl acetate to a 4 x 5 inch
piece of single-ply paper toweling. This nearly saturated towel
is then hung inside the chamber. Within two minutes, 150 ppm con=-
centration is reached and is maintained throughout the several

. minutes it takes to conduct a fit test, This concentration was
determined by the Wilks infrared analyzer, which recorded concen-
trations during a fit test. Field verification conducted in
several plant sites involving monitoring isocamyl acetate levels,
using both personal sampling pumps and DuPont's test results,
correlated with our experimental data. We are convinced that our
protococl eliminates the problems that have been inherent in quali-
tative fit testing. Our system reduces interferences from environ-
mental conditions, can be constructed at minimum expense, is easy
to operate, and guarantees a stable test atmosphere.‘ :

Component two of our protocol concerns these subjects' ability to
detect low concentrations of isoamyl acetate. For many years
researchers sought an easy method for producing low, stable con-
centrations. Using simple tools such as a Mason jar, spring water,
and a calibrated eye. dropper from a liquid vitamin bottle, they
have developed a method for generating a 1.5 ppm atmosphere of
isocamyl acetate. The atmosphere is maintained in the vapor space
over the mixture of water and isocamyl acetate. A placebo jar con-
taznlng odor-£free water is presented along with the iscamyl acetate
jar. The subject is asked to identify the jar having an odor. All
persons fit-tested with this protocecl have been successful in
identifying the correct jar. We have now established a lower limit
of detection for those people. Of about 500 people tested, there
have been only four who did not respond to 1.5 ppm. Three of them
had colds and were retested a few days later. They then passed the
test. Ancother person: had lost the sense of smell following brain
surgery.

Component three concerns the inverse relationship between comfort
and leakage. The more comfortable the fit, the less leakage.

This is an important aspect of fit testing that has been overlooked
by others. It is another reason that several sizes must be avail-
. able for worker selection. We usually have two sizes from one
menufacturer and three from another. . We found that we could fit
ninety to ninety-five percent of the people in half masks utilizing
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these five different sizes. That percentage goes down a bit when!
we use only three of the sizes, Also, the available sizes still
do not fit women very well. That is a problem. However, in
general, using the five half-mask sizes together cffers comfort
and adequate protection for a wide range of facial dimensions.

If the test subject is given some guidance on how to determine
comfort and is cffered a selection of respirators, he becomes gquite
adept at selecting a respirator which provides a high protection
factor. A comfortable fitting respirator will quite commonly have
leakages of .05 percent or less. For example, in our chamber we
have an atmosphere of 150 ppm. A leakage of .05 percent would mean
‘that the' concentration inside the respirator would be .05 percent
of 150 ppm, or .075 ppm. A one percent leakage would mean the
concentration inside the respirator would be one percent of 150
ppm, or 1.5 ppm. Based on this relationship, our test chamber
should detect a minimum theoretical leakage of one percent. We
have a 150 ppm test chamber, and we know the subject will respond
to 1.5 ppm concentration. This ratio, 150 over 1.5, gives the one
percent maximum leakage that our system should detect. Inciden-
tally, this leakage is ten times less than that allowed by the
government, since they normally allow a ten percent leakage for
half masks. :

This th;rd component of our protoool; then, helps the subject to
evaluate comfort, select his respirator, and then properly put it
on prior to entering the test chamber. This is important. A good
training pericd time is during fitting, because the wearer gets a
chance to adjust the respirator. He sees how it is supposed to
’flt, and you receive some feedback because he knows whether or not
he is getting breakthrough from a leakage point.

Let's see how these three components relate. We prepare a test
chamber, we conduct an odor sensitivity test, and we assist the
subject in properly selecting a respirator. We have him step into
the chamber. If he detects the odor, he has a poor fit and returns
to the selection area. The odor-sensitivity test is then repeated
to be certain that the test subject's sense ¢of smell has not been
fatigued. To avoid this problem, we usually recommend that the.
selection process and the oder-sensititivy test be conducted in a
room separate from where the actual fit testing is taking place.
When his odor sensitivity returns, he selects an alternate respira-
tor. The procedure is repeated until a proper-fitting respirator
is found. If a fit cannot be obtained with a half mask, a full-
face respirator or an air-supplied respirator can be used.

To document the wvalidity of our protocol, we used the quantitative
fit test method as our standard., Each qualitative fit test was
followed by a quantitative fit test. This quantified the leakages
resulting from our qualitative fit test protocol. Currently over
400 subjects have been fit tested. The results indicate that we
are ninety-nine percent confident that ninety-five percent of the
people passing our protocol will have leakages less than one per-
cent. That's just statistics. What the bottom line really is to
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me is that we have found that out of the 400 subjects who have
passed the qualitative fit test protocol, only one person has had
less than a one hundred protection factor in the quantitative fit
test, and that was a ninety-six. It's working. We are continuing
to gather data to strengthen our case. Our protocol is inexpen-

- sive, uncomplicated, and yet assures us that each person will be
provided with the best-fitting respirator we can reasonably find.
Also, to insure that this protocol can be reproduced, several
small industries will be participating in an interindustry study.
Using our protocol, they will fit test their employees, Then a
quantitative fit test will be conducted to document the fits. The
results of this cooperative effort should substantiate that in-
dustry in general will be able to effectively utilize this proto-
col, and that the protocol will provide: proper selection of res-
pirators and proper fits., ' _ ‘

This protocol is only a small portion of the questions that need
to be answered. A few others that we are currently addressing
(and there are the other onmes that we'd like other peocple to be
looking at) are working protection factors. We know we have -
quantitative fit test.data and that others have qualitative fit
test data. We know that. we can provide this kind of protection

in a laboratory situation, but we also want to. document in the
working place, under working conditions, what kind of protection
is being’provided-by'the respirator mask itself. So we are setting
up monitoring and measuring inside the mask and outside the mask,
while people are carrying out their various normal job functions
in various sites.  We're trying to put this data together. We're
also trying to put together some guidance for developing medical
guidelines, recommending who should be in a reSpirator, who should
not, and so on. :

Cartridge canister Iifetime‘is something else that we are locking
into., We have been doing cartridge canister lifetime studies for
a long time. We are studying other ways of locking at lifetime
for these materials. We are examining what constitutes an ade-
quate training program, including what essentials are necessary to
make  sure that you have gotten the purposes of a respirator across
to employees, how to care for the respirator, and how the respira-
tor can care for the employee. ,

In conclusion, respirators-can:provide adequate worker protection,
but their use must be supported by a sound program that continuously

- assesses respirator adequacy. After all, this is no less than what
we have to do for a good engineering control program. Improperly
used respirators, like clogged ventilaticn ducts, never protected
anyone. _ ‘
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WORKER EXPOSURE MDNITORINGn—GENERAL PRINCIPLES
James R. Vaccaro: o . .
Dow Chemical Company

The subject of biomonitoring the work environment is a very large
area, and in thirty minutes the best we can do is brush across

the subject. In this discussion I aim to review the monitoring -
methods that are available and pin down where most of our problems
lie in the pesticide formulating industry. 1I'd like to start off
on the subject of why we need pesticides. 1In a sense, pesticides
are very similar to drugs in that they are biclogically active.
Because these pesticides. have biological activity, they have to
be controlled to some extent. In order to control them, we must .
know something about the work environment. Pesticides are bio-
logically active materials readily absorbed from tissue of the
upper and lower respiratory tract; many pesticides are readily
absorbed through intact skin. Not all materials are readily ab-
.sorbed through the skin, but have varying penetration capabilities.
Pesticides may cause both acute ‘and chronic toxicity, particularly
in mammals; and pesticides may cause sericus systemic injury,

even death, But if you look at the forty or fifty years we have
been using pesticides, you will find that normally when a death
occurs it occurs from human error: Either someone has misused

the product, or children have gotten into it and have swallowed
it, or people have been exposed either through inhalation or
through the skin.

No operation is hazardous in itself,'but if a misuse occurs or
something goes wrong, you wind up with a hazard. One of the po-
 tentially hazardous operations we tend to. run into in formulating
plants is milling. If one is going to reduce the size of the
material, you may use a hammermill, and you can reduce materials
down to approximately seventy=-five microns in size. That doesn't
present much of a problem, at least from inhalation, but if you
reduce material by air milling down to a two- to five-micron size,
.then you have a material you can inhale. (Any material below ten
microns can be inhaled. Any material above that sxze will probably
be bounced right out of the respiratory tract.)

Ancther operation that has hazard potential is blending. Here
you take a material and either dilute it or blend it with another
active ingredient.

A third s;tuatlon can occur while dispensing. If a material is
. dropped from a feed tank into a container, there is potential for
'*“§p+;;pver; and leaks.: Thus a hazardous operation has occurred.



During screenlng, or 51z1ng, mater1a1 is' shaken and can become
alrborne. Once airborne, it becomes hazardous. - i
Somet;mes you ll use a h;ghly volatlle solvent in conjunctlon w;th
a pesticide and the solvent itself becomes the primary problem.
The application of this mixture to an inert surface, say corncobs,
may produce high airborne concentrat;ons of solvent.

One final potentlally hazardous sztuat;on ls the dllutlon of con-
centrates w1th Lnerts.v : ‘ :

In order to talk about monltorlng we should take a 1ook at the four
- routes of exposure. First there is ingestion. Most people won't
ingest material they know is toxic. It turns out that a lot of
materials are formulated as powders:  captan, carbaryl, and chlor-
dane, As dust, these can settle on gloves. A worker wipes his
face and gets scme in his mouth, and in this way there can be some
ingestion. It's an accidental type of thing. With such chemicals
" as paraquat, even three-quarters of a teaspoon can cause death.

The second route of exposure is the eye. Normally, when handling
concentrates, we recommend goggles to- protect the eyes. Direct
cholinesterase inhibitors may cause miosis: TEPP (tetraethylpyro-
phosphate), which has a phosphorous double-bonded oxygen, is a
direct cholinesterase inhibitor and does not regquire activation.

If it gets on any part of the body,; there can be a local effect.
There can be constriction of the pupil of the eye, or there can

be twitching of the eyelids. Most of the cholinesterase inhibitors
that are handled are phosphorous double-bonded sulphurs, and these
materials must be actlvated first before they become actlve in the
body.
To'evaluate‘inhalation,offairborneicontaminants;"one of the best
ways to sample solids in the work environment is to use membrane
filters or matchlng-wexght filters. The*membrane filter is placed
in a filter holder and is attached to a pump. Air is pulled ,
through at a known rate and dust is collected on the filter. ‘The
filter is weighed and is quantitatively analyzed for the active
lngredlent, to determlne the concentratlon in the alr.

A very common way to- collect materials for which there are no
other good means of collection is to use impingers. 1In this case,
solvent (predetermined‘by-the.analytical method) is put into glass
cylinders. Air is passed through the melnger, the material is
collected in the solvent, and'the solvent is then quantltatlvely
analyzed for the actlve lngredlent

The Anderson sampler, ancther evaluation device, is simply a
series of tins or pans with different-size holes in them that
collect dust. You can then determlne the range and breakdown of
partlcle s;zes.‘ﬁ" ‘

The NIOSH-recommended methcd for carbaryl 1nvolves the use .of a
glass membrane filter, 37 mm, mounted in-a two=-piece holder to
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collect the material. There is a specific flow rate given at 1.5
liters per minute, and a total of 90 liters of air is recommended
for the total collection, with subsequent analysis for the carbaryl.
We also must keep in mind that dust exposures can be a potentlal
source of skln absorption. .

Now we get into the rnhalatlon route. We re talklng about liguids
and the collection of vapors and aercsols. One of the fastest
growing areas is use of solid sorbents. This is simply where you
take a solid material and place it inside a glass tube. You then
place the tube in the breathing zone of a worker. You allow the

- individual to work normally while the tube is attached to a pump

- that pulls air through it at a known flow rate. When you are done
you break the tube, desorb the active ingredient off the sorbent,
and analytically determine how much is collected on the tube, 1In
this way you determine the concentration in the air. This is a
popular method of collection. Silica, iﬁfxample, can be used

to collect one of Dow's products, N-Serve We use it all the
time. Using carbon you can. collect a whole host of materials, such
as EDB and DBCP. I don't personally know of any pesticide that

has been collected on alumina but it probably has been done. Resins
are sometimes used. Phenoxy herbicides are easily collected on
resins. The trick, of course, is not only to collect the active
ingredient but to get it back off again, in order to determine
what's there. Finally, Chromosorb ' is a chromatographic packing
that can be used as a solid sorbent to collect a whole host of
organophosphates. - L e C

Next we wzll consxder bubblers, the use of fr;tted glass impingers.
Here you take a vapor or an aerosol is actually sparged through a
collection liquid. We try to break up the particles. In order to
do this, we use the fritted glass filter. The liquid ccllects the
material which is subsequently analyzed. An advantage of using a
high~flow bubbler is that if you have low airborne concentrations
you can collect for a short perlod of time and still get enough

to see analytzcally._l o . _

Then there is the modified cartrzdge resplrator. The field people
who have been monitoring have used this very often. They take a
respirator and replace the charcoal. filter with about thirty-two
layers of gauze on the outside. Then they take a funnel, cut the
tip off it, cut two holes in the bottom, and plug up the end with
a cork. The worker wears it on his face as he works. Eventually
they take the gauze and analyze it for the active ingredient. In
this particular case, the man is the pump, and as he inhales, the
material is collected on the gauze. The trick here is to know
pretty much what the breathing rate ls.

If you look at‘some,of the.pestleldes‘that are currently being
used, vou will find, for the most part, that the vapor pressures
of these materials are extremely low. When I talk about vapor.
pressure, I'm.talking about. the tendency of the material to get
into the air. For example, if you put water-on this desk and came
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"if?f“4ﬁ“"¥ Table 1
ATMDSPHERIC CONCENTRATLON AT SAIURATION

. <0 yAPOR »fﬂFf:f7 CONCENTRATION AT
- ,MAIERIAL | FRESSUREX " ’, SATURATION (PPB)*

"rCarbaryl 4x 10 (25 C) vﬂifofS2*

" Chlordane 'hW‘l’x 10_ (zs_c; _fj“f‘”“xsﬁ;

“Chqup?rifosi ‘L,§ kI10-5(2§°¢};_ L 25

‘_Diaziﬁoh ‘;”l?fl;;fi lq-f(ZOOC) S "18& _
parathioﬁ ‘I_ rS.Q’£‘10'5(20°C) . Cso
‘Dichlorves = 1.2 %107 (20 %) 16,000
Phoraﬁe-;~€ S8 x 10” (20 cy‘;;7~ul;oob‘_
Paraquat 3 1mmeasurable'f" | ‘

_ Diquat _[r_'_";yméhsurablg 'i*'ﬂ‘¢

[ . T - & e -

*British pesticide manual .
**Threshold limit values (ACGIH)
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AIRBORNE.

'~ GUIDELINE (PPB) **

}T"241(5‘m§{m3)
30 (O.S'mg/m3)

14 (0;2 mg/m3)

8 (0.1 mg/m3)

8.4 (0.1 mg/m>)

22 (1 we/m’)

5 (0.05 mg/m)

13 (0.1 mg/m3)

35 (0:5 ng/m>)



back tomorrow morning, more than likely it would be gone, because
it has a certain amount of vapor pressure and therefore it gets
into the air. But if you were to put most pesticides on this
table and leave them there overnight, you would find that pretty
much ¢f it would still be there when you came back, because of
lower vapor pressure. Table 1 shows a saturated concentration at
the temperatures given in parenthesés. Under a static condition,
if you were to take these pesticides,; leawve them around in a room,
‘shut the doors and all the windows, these are the concentrations
that you would obtain at equilibrium. For chlordane you only get
13 ppb in the work eaviromnment even if you have this type of
imaginary- situation where the whole place is closed up. However,
if vou were to do the same thing with dichlorves, the active in-
gredient in Vapona &, you would find 16 ppm, or 16,000 ppb, in
the work environment because the vapor pressure is higher. Com-
pare this with the acceptable airborne guidelines at equilibrium.
I don't want to mislead you into thinking there is no problem from
inhalation, but under static conditions, where you are actually
draining a tank and filling receptacles with these materials, it
is difficult to obtain a2 dangerous ‘vapor concentration in the atw
mosphere for most pestlcides.

If you are handling a dust, it is a somewhat different matter. If
the dust gets into the air and the particle size is very small,
then, because of the extra surface area, you can have vapor coming
off the dust particles. When you are exposed to a dust you may
have more than a dust problem; you may have a vapor problem too,

More hazardous from a vapor exposure standpoint are the solvents.
"A broad range of solvents is used in diluting materials, for ex-
ample, the alccholse--methanol and isopropancl; the aromatics--
Xylene, toluene, and other alkylated aromatics; the chlorinated
solvents-~such as methylene chloride and 1,1,l-trichloroethane.
Methylene chloride is highly volatile. I see situations where
this material is used to spray in conjunction with another mate-
rial onto corncobs, and then this material is flashed off. This
can be d@ problem if these vapors are not controlled through local
exhaust ventilation. Aliphatic sclvents such as hexane, and also
some of the others which are lower in volatility, such as heavy
aromatic naptha, kerosene, and fuel oil, are also used.

Table 2 is taken from Homer Wolfe's paper, titled Chemical Safety=--
Pesticides (U.S. Dept. of Commerce, National Technical Information
Service, 1974). 1In it he breaks down the amount of exposure that
an individual receives, not only in a field condition but also in

two incidents in formulating plants, He determined that the
greatest amount of exposure comes from skin contact. In this
particular work, he found that with DDT 524.5 milligrams per hour
was the dermal exposure of the individual he was monitoring, and
14,11 milligrams per hour was the.exposure through the respiratory
tract. This suggests very strongly that skin exposure seems to

be a much greater problem than inhalation. This is not to play
down inhalation; however, in this particular case and in many
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other cases that I have read about," skin exposure seems to be the
big problem. .In other words,: that'swwhere we really ought to be
1ook1ng for our. problems PR .-

- ;?‘; T Exp;sure :
j‘.' Lo ) .Total
5 A : Dermal Respiratory % toxic

Compound ~ * - " Activity ga/hr “mg/hr . dose/hr

DOT L '-.?-‘Sprayinz apples \.L; Tt sk r 010 <. 0,03
DT - - = - Inddor house spraying """" ST N,7880 T 7 10- ’“;ﬁ_ 1.02
DT Outdoor house spraying o L_ﬁ43 B 0 11 - 0.14
DT - Fomulg:i_nsvplan: oot o 52605 141107 T 0.39
Parathion . . - Spraying.: apples e . 17930 0502 . 2 L.19

Parathfon . . 4 - ‘,. T ‘L sPrayins Citm _,t - ru\.:-' A.’, V -.:: .‘ .. 18 0 . ‘ . 0 03 7'~ 7 ] ‘ 1~. 17
Péra:hiaﬁfxflv ¥$1“Spraying potatoes ,m"/;-w‘ : : &, 7*:‘r¢,<:0 oL - - . 0.32
Parathion ;43Dusting potatoes ‘jfy‘453f”? ‘ :h7 8';ﬁ ':;79;16‘;j . 0.64

Parathion Thinning apples 8.4  0.06 0.61
Parathion © Flagger==crop dusting : 84.0 0.02 5.72
Carbaryl -~ Spraying apples . .. .- - 59.00  0.09 0.02
Carbaryl Formulating plant 73.9 1.10 0.03
Carbophenothion Spraying orchards 41,3 © 0,11 1.12
Ethion Spraying orchards L es2 0.04 0.26
Endosulfan Spraying apples 70 0.02 0.27
Endrin Spray orchard cover for mice - 2.5 0.01 0.21
Fenthion ' Mosquito spray Lo T 316 0.01 0.02
Fenthion HBand granular 12.3 _ 0.08 0.06
Perthane ‘ Spraying apples ,j“ | 59.4  0.14 0.01

Calculated on the basis of the worker wearing a short-sleeved, open-necked shirt,
no gloves or hat, with his clothing giving protection of the areas covered.

Source: WOLFE, Homer, Chemical Safety-Pesticides. U.S. Department of Commerce,
National Technical Informatiom Service, 1974. ' o
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" How 4o skin exposures actually occur? Most of them are human
error: runovers, spills, leaks, maintenance, changeover (that's
not a human error, it has to happen), broken bags (alsc due to
malfunctioning equipment), surface contamination (normally not
considered too much ¢of a problem unless the material being handled
had a high degree of dermal toxiecity, with no protective gear,
and, finally, improper_protectiveugear--for*example, using a dust
mask when you should actually be controlling vapor. In work done
by Kazen, he found that chlordane and-‘dieldren have persisted on
the hands of a former pest control officer (PCO) for at least one
~ year. Methoxychlor, captan, and malathion have persisted on the

" hands of fruit and vegetable growers for at least seven days. = .
-Parathion, a very-active organic phosphate, was found on the hands -
of one individual two months after his last known exposure. What
this means is. that there was an analytically detectable amount,
but not necessarlly a dangerous amount, on the skln.

In some work" done by Ma;bach (Table 3),'studles were done on the =
..application of a pesticide to . a. partlcular part of the body, in - -
this case, the forearm. A five=day urinary output was taken for -
various chemicals to test total absorption. With parathion, 8.6
percent of what was put on the forearm was eventually collected

in. the urine, meaning that only a certain' amount was absorbed
through the skin. Carbaryl seems to have the greatest penetration,
with 73.9 percent collected in a five-day urinary ocutput.

[t
fa
L4
i

Table 3 ot oo o-

PESTICIDE ABSORPTION TEROUGE SKIN
. (Forearm) ” -

Type Absorbed

- " Parathion - op 8.6
Malathion oP 6.8
Carbaryl (Sevin) Carbamate 73.9
2,4—D Phenoxy 5.8
Azinphos-methyl oP 15.9-

DDT . . CE 15.0




Table 4 notes the effect of confinement to the skin.. In the. con-
trol experiment, material was just placed on the skin and re-
moved, and the five-day urinary output was collected. Other sub-
jects wore a saran cuff on their forearms to keep the material con-
‘fined to the skin for twenty four hours, ' 'The numbers indicate:
“that extended exposure resulted in excessive absorptlon of the
material through the skin. The point is, if a worker is splashed
in the work environment, get the garment off. To leave it on

would have the same effect as cuffing the material to the skin.

Table 4

W
% Absorbed (Forearm) P

v

o Control | 24 hours
Malatﬁib; o 6.8 I~ 62.8’7 :
Parathion . » 8.6 54.8
2,4=D 5.8 14.7
Azinphos-ﬁethyl. 15.9 56.1
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With damaged skin (Table 5)=-f6:'example;"dermatitis4-there‘is an:
increase in the amount of active ingredient that is actually ab-
sorbed through the skin. .. The numbers in this figure also re-
flect a five-day urinary output. The experiment was conducted on

skin which was damaged by applying tape and lifting it off before
applying the active 1ngred1ent.ﬁ

i

EFFECT OF SKIN DAMAGE ON ABSORPTION
{ Absorbed (Forearm)

Control Damaged

Aziophos-oethyl | 15,9 - 60.5

Parathion ‘ 8.6 73.2
Z,A-D ULt ] e e m 5.8 13.8
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How do you evaluate skin exposures? This is really a problem,
and anybody who has ideas in this area could have himself the
better mousetrap that everybody's been looking for. 1In field
studies absorbant gauze patches are put on the outside uniform
of the worker. He works and collects spray all day, and then the
gauze is taken off and dropped into a solvent, which is analyzed
for the active ingredient. This can be done in a_work environ-
‘ment, but normally in a formulating plant you won't encounter a
great deal of mist or aercsols, and I would not venture to guess
how this would work for dust collecting. T imagine you would
probably get very poor correlatlon between 1t and the actual skln
absorptlon. )

Looking at the literature, we find that hands seem to be a key .
spot for the absorption of pesticides due to spills, runover, no
gloves, and so on. Field people have alsoc devised a method where
the ‘worker sticks his hand into a bag, solvent is added to the
bag, it is shaken, and the solvent leaches off into the bag. The
solvent is analyzed for the active ingredient. Very high levels
can be found on the skin of formulaters and fieldworkers. There
is also a modification of this methed, the spray rinse, in which
solvent is sprayed onto the skin from a spray bottle so that it
rinses the material off the skin and into a container. Then it is
. analyzed. Some of the solvents that have been used are ethanol
and hexane. I don't recommend hexane because of associated toxi-
city. On the other hand, everyone is exposed to ethanol to some
extent, 'and it seems to be a fairly good. solvent for rinsing off
such things as organophosphates, though. it is probably not as good
for chlorlnated hydrocarbon pest;cades. . o :

Another method of evaluataon uses skin swabs. Eete one takes a
swab that is doused with solvent, cleans the skln, and analyzes
the solvent extracts of the swab. ; .

Finally, there is evaluation rough wipe testing. The way we do
it at Dow is to use Whatman WO #2, 5.5 cm filter papers with or
witheout scolvent. Solvent usually does a better job; you get much
more efficiency in picking up the material you're after. Then you
wipe 100 square centimeters of surface, put the material in a vial,
and have it analyzed for the active ingredient. You will come up
with milligrams or mlcrograms per wipe, though I hope you won't
find milligrams. It is not very effective for highly volatile
materials because you would probably lose it very gquickly, either
in taking the sample or in the analysis. For most of the organo-
phosphates, though, it would work very well., Some wipe-test
guidelines should be established based on what you see in biomoni-
toring your employees. You want to know whether biomonitoring
correlates well with your wipe testing. It's rather difficult

to see any correlation in situations where the variation in
cholinesterase levels. is subtle. In general, however, we do seem
to see some general tendencies for ups and down when we do wipe
testing., In other words, the wipe-test samples will generally
tend to be a little bit higher if plasma cholinesterase levels
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seem to be varying somewhat.

High wipes may mean that a cleanup is necessary, but more than that,
that employees must ‘be supervised more closely to correct peor work
habits.

In evaluating the work environment you want to consider scme ques-
tions. PFirst of all, does a suitable, validated sampling method
exist? For many materlals it does not. Many suppliers have not
gotten involved in establishing these methods. Dow has come up
with very good sampling methods for its materials under actual
end-use conditions. The second question is, does an analytlcal
method exist for the material? These two questions go hand in
hand. Third, who is going to do the work of sampling in a formulat-
ing plant? - We at Dow have a concept we call "product stewardship.”
It starts with the employee working at the bench with the material
and goes right to the end when the material is disseminated into
the envircnment. We feel that it's necessary for suppliers to

know what is happening during the transition from the bench to

the actual environment as it gets sold to the customer, stored in
warehouses, and sc on. Everybody in between ought to know what

are the consequences of overexposure to these materials, or what
happens when they are mishandled. The supplier can, and to socme
extent should, act as a consultant for the formulator. Our doors
are always open in terms of consultation with ocur customers. There
ara in turn consultants involved in the business ¢f monitoring
pesticide formulators. There are also a number of consultants in
the industrial hygiene field. The American Industrial Hygiene
Association Journal lists some 200 consultants in the back of each
journal. You can also go to the universities and have university
pecple evaluate your work environment, though here you may not be
dealing'with people as expert as suppliers or consultants. Another
approach is to go somewhere like Midwest Research Institute (MRI),
which is also involved in this kind of business and does excellent
contract work for formulators.

Let me sum up. With some exceptions, exposure to pestlclde vapor
is probably not very lmportant, but I want tc qualify this by
reiterating that if there is a very fine dust exposure, there will
be a certain amount of vapor. Second, sclvent vapor may be a
source of worker exposure. We do not lock at sclvents as inerts;
they can be inhaled to a cerfain extent and should be monitored.
Third, dust exposures may.be of great importance in some formula-
tion plants. The Kepone situation was a very dramatic one in
which there was an awful lot of dust exposure to that material.
Fourth, skin exposures are responsible for gresater than ninety
percent of the exposure to pesticides under field conditions and
in their formulation. Skin exposure is where I think we ought to
be keying in. Hand rinses or swabs are probably the best evalua-
tion methods, .other than blomonltorlng. Fifth, exposure to the
hands is of key importance in the formulating operation. Effi-
cient and appropriate- gloves are the first line of defense against
skin exposure, Unlined rubber gauntlet gloves are recommended.
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Unlined is specified here simply because if a glove lining becomes
contaminated, you pretty well have to throw the glove away. If
contamination occurs on the inside ¢of an unlined glove you can
rinse it out, wash it, and probably reuse the glove. We specify.
gauntlet gloves because they protect the upper portion of the
hands and wrist.

Sixth, wipe testing‘may‘be used as an “after the fact" approach to
determine whether a cleanup is necessary, which is primarily the
way we use it. And seventh, education and strong incentives should
be used to reduce employee exposures. We find this to be probably
the most important  factor in evaluating or dealing with exposure

in formulating plants.  Attitude is so important. If the attitude
of the employer is positive toward safety, the use of protective
gear, and the education of his employees, the employees will ab-
sorb that attitude to some extent. A well-educated worker is, by
far, one of the best preventzons agalnst overexposure.
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EMISSIONS MONITORING--GENERAL PRINCIPLES
‘David R. Backathorn- :
Mobay Chemical cOrporation

The total area of pesticides is very broad, encompaSSing many chemi-=
cals of varying toxicity and principal properties. I think that a
lot of discussion often gets focused on the most toxic aspects of
the pesticide grouping, and we assume that that is true for all
pesticides when it really isn't. When I lcocked at an approach to
monitoring from an emissions standpoint, I thought, "We're going

to have to come up with something a little bit broader in scope.”
It's difficult to come up with any kind of simple technique that
applies across the industry as a whole. Just recognizing that this
pesticide group is a very diverse area is important before start-
ing to evaluate the monitoring of either environmental emissions
or industrial hygiene problems..

I think it's important that we look at a number of things that we
all face every day in the chemical industry in general, not just
‘with pesticides. I think that when we talk about our monitoring
approach we are really looking at the game kinds of questions,
whether it's a plant for organic chemicals, inorganic chemicals,
or pesticides, or whatever. So the first step is to define what
it is that we need to examine.

In the first place, we need to define why we are monitoring.
Second, we identify the contaminant or what it is we're concerned
about. Third, we select a monitoring parameter, what we are going
to measure. Fourth, we select the sampling and monitoring method,
or how we are going to do it. Fifth, we select the sampling strat-
egy, or when to sample. Finally, sixth, we select the nature of
the final strategy. We will also talk about some specific examples
in areas of concern that occur primarily within the formulating
and manufacturing of pesticides. This is a very simple, common=-
sense approach that involves the who, what, when, where, why, and
how of monitoring. ‘

It's not difficult, but I think it's important that we address
curselves to these concerns in order to conserve resources and a
lot of the energies that we put out for so-called scientific study.
If it has not been thought out thoroughly before, these energies
may be misplaced

One objective.of emissions monitoring is to meet the regulatory or
legal,requirements of an ahatement agreement, or some type of local
or Federal EPA regulation. Monitoring may be to obtain confirmation
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Qr documentatzon of emissions control in order to have legal
evidence of controlled emissions.

You may also monitor the control loop instrumentation of emissions
contrel equlpment in order to effectively control the performance
of that piece of equlpment.. You may monitor to test the alarm,
shutdown, or early warning for critical emissions devices if you
. have an extremely toxic materlal, or one that isn't quite so toxic.
. If the environmental effect is cne that you're concerned about--—
for instance, if you're dealing with a herbicide--and a bag blows
on .a dust collector, thereby dumping the herbicide into the local
environment, kill;ng a lot of trees and foliage, then that s a
critical qn1531on. O .

You may be monitoring in order to evaluate emissions control effec-
tiveness, and if that lS the case, you may not need to do it con-
tinuously. :

In order to know exactly what we 're concerned about, we have to
determine what the contaminant is, in other words, what chemical
is involved. Then, in addition to knowing the chemical, we've
got to know what the physical form is of the chemical we're after,
Are we ocut here. trylng to collect liquid aeroscl or a solid par--
‘ticulate, or is it a gas or a vapor? The toxicology of the mate-
rial is extremely important, though that doesn't necessarily mean
that we are only concerned about those materials which are hlghly
toxic to mammals. Avian toxicity and phytotoxicity are also im=
portant. I think we have an advantage in the pesticide industry
over other portions of the chemical industry that is often over-
locked, in that we have more toxicology information available to
us to make these assessments, Also important is the environmental
fate. We need to know the chemical half-life in the environment.
(Half-life is the time required for the degradation of a given
quantity of a chemical to one-~half its original amount.) For in-
- stance, if we're going to sample cumulatively, does the contami-
nant have a half-life of two weeks or a half-life of six months?
Going back to toxicology, are we looking at something which has

a direct acute effect or something that will accumulate and have
an effect later on in the environment at higher levels? All of
these factors become input in determining how to go about setting
up a monitoring program.. To. sum up these factors, I use the term
"hazard rating."” In other words, we ask curselves, "Exactly what
kind of hazard are we dealing with here? 1Is it in fact something
that's going to affect plant life only, or will it also affect
birds, fish, and on up to hlgher trophlc levels’ To what degree
will it have an effect?"

There are two general classes of monltorlng parameters: direct
and indirect. The most obvious way is to monitor directly. We
take a contaminant concentration and then it's only a matter of
selectlng where we are going to monitor it--at the source, in the
environment, or at the point of impact. It s a fairly straight-
forward thing. But we can also do a good job of monitoring, some-
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times more. effectlvely, certainly more econcemically, if we take
an indirect approach, one that we are confident will glve us a
relative readlng that we can use to determine whether we're con-
trolling emissions or not.  Five indirect meonitoring parameters
are mentioned here. L ‘ o - : '

Fxrst is total mass'conbentration, ‘either by gravimetric analysis
or light scattering techniques in exhaust ducts. Second is the
subjective response.. While it's not. totally peculiar to the pesti=
cide industry, .odor certainly is a problem in organophosphate manu-
facturing, as is odor intemnsity. . The plume opacity in some cases
can be important. A third way of indirect monitoring is the ex-
posure effect of cholinesterase inhibition. This one is not really
very common, or wouldn't be in an environmental case. Eowever,
foliage color may be, particularly around a herbicide formulatiocn
plant. A fourth indirect method involves emissions control equip-
ment parameters, such as pressure drop across scrubber columns,

bag houses, or carbon absorption units., Fifth, the process con-
trol parameters can be an important indirect means of measuring
the effectiveness of a control, part;cularly if you know a range

of optimum control for the process.’ ‘

Because of the wide varzety of chemlcals, and dependlng on our
initial purpose for monitoring, we. can either select direct-reading
equipment or collection equipment whereby you would first take a
sample and. then have it a.nalyzeda The choice is strlctly based on
the needs of that. particular monitoring.

If_the.method+used'isvsensltive, parts ‘per billion or less' are
often required. We have to remember that, environmentally, we
‘generally are not dealing with kinds of concentrations we see in
the workplace, and there are not very many methods that are geing
to be specific enough to go out and effectively measure half a
mile from a plant, for example. The technology just does not
exist. That doesn't mean to say we can't do some of it, but we
need very large sensitivity. As to accuracy, I should say plus

or minus twenty-five percent is excellent. When you consider:

all the factors that go into envirommental monltorlng in particu-
lar, the accuracy, the fluctuation in the number that you get from
what the correct number is, is often going to be guite large. 1It's
not that we can't deal with a large variation in accuracy, it's
just that we have to know what we're deallng with, and the number
involved.

When it comes to the. cost factor, it's generally accepted that the
more scophisticated, the higher the cost. But that doesn't neces-
sarily mean that if we go to direct reading instrumentation, for
instance, and to highly automated sampling, that in the end the
cost will be the highest. Even if we collect samples ourselves,
the cost of analysis, the number of samples, and other factcrs have
to be worked out. It can also be a very costly sort of thlng.
Economics will actually determine what we can and can't do in
Smaller oparatlons The same is true of availability. Laboratory
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services or profess;onal assistance is not always available. 1If
we are located in-a place where we don't have access, it doesn't
mean we can't do sampling, but it severely limits our abllity to
use a lot of techniques that are available. (Later on we'll talk
about some examples of the methods that might be used in dealing
with part;culates,‘vapors, gases, pestzcldes, and odors ) :

The selection of a samplzng strategy is relat;vely szmple if we
are going to go to continuous monitorlng.' Then it is simply a mat-~
ter of gettlng the equipment and determining how many ‘points to '
monitor. ~Intermittent monitoring gets into- the guestions of how
many samples are needed and how often.’ If you take one sample per
year and try to extrapolate that across ‘an entire year to get an
emissions level, there is a lot left to be desired in terms of
confidence. If you up the confidence level with statistical anal-
ysis, you may have to close your doors because of high monitoring
costs. More likely you end up somewhere in between with a com-
promise. It's important to understand that if you have a highly
toxic material and have to control'it.within very tight range, you
may have to do a great deal of sampling to insure that. If you
have a less toxic material, with less severe environmental effects,
there's a range that you can work in. °“It's strzctly Judgment. But
at least statlstzcal analys;s can help you. arrive at it. v

»Wlth regard to  sample locatxon, ‘it-is generally easier to do sam-

' pling at the source beécause there are higher concentrations to deal
with. Therefore; you have a wider range of methods available to
‘you. to do the analyszs and to understand the sampl;ng. If you go
to the fence line, it becomes more difficult. - Concentrations  are
lower and you have more ‘factors; including environmental factors-
(wind direction, temperature, rain, snow), to contend with, Soon
it has become a whole new ball game.  And next, when you get out
to environment even beyond that, it becomes quite difficult.

If you're doing PSD (prevention of significant deterioration) mon-
itoring, you have to set up a station. You may be taking'environ-
mental modeling to determine the best site. A stationary monitor
could be useful environmentally in a case like that but, in general,
if you're go;ng to do some sort of monitoring out in the env1ronment,
a mobile unit is more effectlve or more cost effectlve.

Now t0 discuss some of the lndiVLdual things that can be done. If
we're dealing with particulates, just looking at particulates al--
together, we can do stack sampling, simply as a collection on £fil-
ters. Alr flows to the filters must be isokinetic, which means we
must sample at the same velocity and direction as the particles are
flowing in the stack. Particle density measurements are another
method., There are instruments that measure light scattering. We
can put that instrument after a bag house and determine if a change
in the concentration of particles in that stream occurs. Of course,
then particles involve plume opacity. Environmental sampling, on
the other hand, is primarily done for particulates by collecticn
on filters. You have to understand that you will be doing it
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gravimetﬁicélly>énd'that;iﬁwwill jﬁSt:be awcoﬁpqsite of the source
and the fugitive emissions. .

There are several methcods to monitor vapors and gases. Stack or
vent sampling can be done, including on-line gas chromatographs,
which can be very specific for the material you're looking for,
but not continuous. There will be some sort of cycle time per
sample., The on~line flame ionization detectors are continuous and
give a good readout, but they are not specific, since anything
that has a response is going to show up on that detector. On-=line
infrared detectors are specific and can be used either as continu-
ous or noncontinuous samplers.  They're quite effective if you
have a material that has an infrared absorption signature. That
eliminates ‘a large block of other materials. Effective methods

of sample collection include using solid adsorbents, liquid ab-
sorption, or gas collectlon, all of which involve laboratory analy-
sis. . . S

You can still use a gas chromatograph in the environment, but you
~end up with a limited sensitivity, particularly with simple gas
injection. Portable flame ionization detectors and portable in-
frared detectors: are good for a survey of fugitive emissions near
the source=-in tank farms or around pumps--but their sensitivity
falls off very rapidly and you're really dealing in the part-per-
million range. Collection on solid adsorbents, followed by labora-
tory analysis, is‘the,best,way., Probably selection of the proper
adsorbent is key. in that case. Thermal desorption technlques would
- get you the greatest. sensitivity per sample because there's no
need for any liquid dilution of the material. Unfortunately, not
all materials respond well to thermal desorption. There are many
cracking and stability problems., Solid state and electrochemical
detectors can be used, such as H3S detectors, carbon monixide de=-
tectors, and so forth, but they vary in sensitivity and selectivity.

Env1ronmental modeling is zmportantjpartzcularly with vapors and
gases. After taking sample data at the source, and getting good
data there (especially if the emissions are primarily from a
stack), you can then use environmental modeling to extrapolate to
areas in the environment where sampling is not feasible. This will
usually cut costs in terms of the amount of sampling that must be
done. If that is the case, then you just need to do less follow-

up sampling.

The volatile pesticides would be treated as gases or vapors, just
like any other chemicals. You treat solids essentially the same
as particulates, with the exception that chemical analysis super-
sedes gravimetric analysis for determination of environmental con-
centrations. 1It's important to note here that you need not always
use very sophisticated collection techniques. Fallout sampling,
if that is, in fact, the way that contamination of the environment
occurs, is acceptable, and can be appropriate in some areas, be-
cause after all we are looking at how much material falls in a.
particular area. Nonvolatile pesticides are not unigue to the
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pesticide area, but nevertheless they occur with a lot of organo-
phosphates. When you collect the material on a filter, the mate-
rial may be a liguid aeroscl or a solid particulate. Then, with
the impact of air going across it, the material is stripped off
the filter, either by sublimation or evaporation. So in fact a
two=-stage sampling system is needed in order to have effective
collection. That makes it much more difficult, but it can be done.
Probably the best methed now available is glass fiber filters fol-
lowed by a bed of porous polymers or chemically modified solid ad-
sorbents. It will work for a general range of pesticides that fall
‘into this category. Impinger sampling, using'successive impingers
and a varlety of absorbing solutions, is cited in the literature.
There are a lot of errors associated with impinger sampllng be-
cause of varlatlons in partlcle size, and 80 forth -

.Odor evaluatlon is rather pecullar to organophosphates. Subjec-
tive evaluation, using scentometers, olfactometers, and odor panels,
have certainly been commonly used. Semiquantitative evaluations
using odor fingerprints have not been very successful. Quantita-
tive evaluation is possible only when one or two chemicals are
known to be responsible for the odor, which just doesn't happen .
very often. Monitoring odor control equipment and processes is’
really a better way of assuring control of emissions. A liquid.
oxidative scrubbing can be monitored by use of redox (reduction
oxidation) electrodes  in the recirculation loop or a pH probe in
the recircunlation loop. We mentioned pressure differential across
the column earlier, 1It's the same with carbon adsorption and
thermal oxldatzon. You can measure and monitor temperatures,and
flow and so forth, «fvé- LT e T - S

To summarzze, obtalning valld data is absolutely the most meortant.
element @f any kind of emissions monitoring program. If we fail

to understand that fact completely, we get a lot of data that is
useless and that, unfortunately, is not perceived as such by those
. who collect it. I can only say that if you go through a very logi-
cal and thorough approach to establish a plan feor any monitoring
venture, you're going to have a better opportunity to cover all

the aspects: that will make it a valid sample. In general, I think,
experience has shown that, partlcularly in smaller formulating
areas, if you monitor the emissions at the source you -can do it
more economically yet still have a reasonable margin of safety.
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S MEDICAL MONITQRING IN TEE PESTICIDE INDUSTRY
. Robert Shaw, M.D. L :
z‘Stauffer Chem;cal Company

I'ehail‘discuSslhow to'start.ﬁp an_oceupational health pProgr
how to conduct medical monitoring on employees in pesticide

- facturing and formulating plants. To do this I would like t
. ly discuss the following: the objectives of employee health

toring; how to develop a local medical program; the medical

‘inations involved; special medical testing; and useful medic
reference material for the locatlon doctor.

Med1c31 mon;torinq is not as complex as is bel;eved The ba
cbjective of an occupational health monitoring program is to
guard employees from significant health effects resulting fr
tential workplace exposures to physical, chemical, or biolog

‘agents. An important related consideration is also to meet
‘obligations placed upon company activities under federal, st

or local occupetlonal health regulatlcns.

In prov;ding these occupational health services, a fundament
consideration is that the health of employees is an area of
concern to management when it has the potential to affect th
performance of work assignments or when it relates to the oc
tional environment. Reasonable safeguards for maintenance ¢
health, promotlon of well-being, and prevention of job-relat
illness or lnjury are in the best interests of both employee
company.

The goals here are very simple: to protect your employees'
against known biological, physical, or chemical hazards dete
to be inherent in the work environment; to periodically eval
employee ability to do certain tasks safely; toc maintain emg
in an occupaticonally healthful environment; tc provide emerg
health services in case of illness or injury which occurs on
job whether or not it is the result of occupational factors;
acguire health information about your plant and your employe
that you can periodically assess the safety and health condi
in your plant; to develop resources for employee health mana
and to document your cempliance with some of the regqulations
impact on the workplace.

Now for some of the program components. I will generally be
ing about what we do at Stauffer, but I will try to make it
cable to the smaller pesticide formulators and manufacturers
well so that you get an appreciation of what you can do prac
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'An effective occupational health program involves industrial hy-
‘giene and toxicology. Relative to what is being used in the work-
"place, you need to know what the known health effects are from
either short- or long-term exposure. Toxicologists conduct studies
~involving bacteria or mammalian. species, monitor any health effects
during the testing of animals, and provide interpretation of the
results. We use some case reports as examples of what can occur

in adverse: situations. Fozr instance;;wegknow of situations where
individuals have inadvertently come  in contact with certain pesti-
cides such as organophosphates and have. had bad reactlons or have
even dled T St s e )

‘In our's;tuation,—since-weﬁhave a corporate»medical staff, we have
identified local doctors who work for us part-time, on a fee-for-
service basis in our plants. We keep files or medical records that
we have developed from examinations. OHIS is our own code name for
the Occupational Health Information System, which is simply a method
by which you can manage medical information and make judgments by
doing epidemiologic. investigations. That's very sophisticated for
scme of the smaller operations, but the idea that I want to bring
out is that there should be some system, either with a plant doc-
tor or with a consultant, by which the medical information that is
generated can be gathered together. You or the docteor or consul=-
tant can periodically use the information to determine whether any
health effects are . develop1ng.~, -

In ocur pragram, an industrial hygienist goes into the workplace and
takes a look at the conditicns there: the manufacturing precesses,
 the nature of the raw materials, the intermediates, and the finished
goods that are produced. On the basis of that he makes. an evalua-
"tion of the potential for exposure and the kinds of potential con-
ditions that could exist there. The toxicology department then
tells us what kinds of tests have been done, referring either to
the literature that's available worldwide or to tests specifically
done either by our toxicology research program or through consul-
tants and contract labs regarding the health effects that have been
noted in short- or long-term animal studies. Tests involve inhala-
tion, eye contact, skin contact, bacterial studies on mutagenesis,
mutation, and so on. .That information comes to us over in Occupa-
tional Medicine. On the. basis of hygienic evaluation and toxicol-
ogical analysis, Dr. Northrup [Director, Occupational Medicine
Department, Stauffer Chemical Company] and I make recommendations
for an examination program that will define the kinds of examina-
tions needed in this particular plant, and we then provide that
information to the plant doctor. He goes out and periodically

does the physicals. We do it on an annual basis. As more infor-
mation comes from either industrial hygxene or toxicology, we ad-
vise the doctor to modify the program, change it, expand it, and

so on.

Here's how occupational medicine works for us., We talk directly
to the plant doctor, and the plant manager, who is in communica-
tion with both the plant physician and the employee. For smaller
manufacturers, the information would come from the plant manager
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or his .consultantsto the plant physician to the employee.

smaller companies that do not have corporate specialists, i
trial hygienists, and toxicologists, a lot more of the deve.
ment work for a program has to be done by you and the physic
Though it's not as bad as you might think, I'm not going to
mize the fact that there is some work involved. The first 1
to consider is what raw materials, intermediates, and finist
goods you have in the workplace and gather data on them. Or
way to get data is to request information from the suppilier.

you'‘re buying raw material, the supplier has to make out mat

safety data sheets, or what we call Product Safety Informati

- Sheets. Stauffer has an active program developing Product &

Information Sheets in which we tell about the physical and ¢

. cal properties, chemical reactivities, stabilities, £ire anc

plosion hazards, and firefighting technigues. We include se¢

~on toxicology, animal studies in ingesticon, skin contact, ir
'tion, and eye contact. Based on that information, we incluc
 first aid section on ingestion, eye and skin contact, and ir
‘tion, We include industrial hygiene recommendations such as

handling, nature of the corrcsivity of the materials on cons

‘tion materials, storage requirements, and disposal. Many of
larger companies, and a number of the smaller ones, have bes

veloping these Product Safety Information Sheets. If you bu
ucts from these people they should provide you with a copy.
a good way to get some basic information for you and your pt

The medical doctor can lock up poisoning textbook. references
toxicology texts. [Recommended references are included in Ag

-C.] One of the other rescurces I have used extensively in oc

tional medicine is something put out by NIOSH, called Regist
Toxic Effects of Chemical Substances (RTECS). It's puEI%EE?
annually, it'S an excellent reference, and it is a good thir
you and your plant physician to have.

Cnce you have determined what raw materials, intermediates,
finished goods you have, and you've started to gather some ¢
information, ask yourself what potential for exposures there
the plant. The industrial hygiene folks who talked earlier
have described well the kinds of program requirements you s!
have in industrial hygiene. Some of the guidance they've p:
can be very useful to you when you develop your program. S¢
idea is to get this information tlogether and sit down with 3
doctor to develop a general medical examination and surveil:
program that will meet some of the potential health effects

you can identify from the compounds that you use in the wor}

By now you're thinking about how to select a doctor who can
you develop your program. My first recommendation would be
body who has some experience or familiarity with occupation:
medicine., EHe should be familiar with preplacement examinati]
biclogical monitoring, return-to-work examinations, periodic
examinations, health screenings, and special problems. He
be familiar with workplace regulations, OSHA regulations, ar
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‘workmen's. compensation laws. »
But these physzclans are not plentlful I belong to the American

- Occupational Medical Association, as do about 4,000 doctors in the
United States. So in many situations you would have to use physi-
cians who are trained in other areas of medicine. . My recommenda-
tions, in order of my ph;losophy on the general familiarity of
different specialties of physxc1ans with the kinds of problems

you will be dealing with in occupational medicine (respiratory,
skin conditions, conditions related to diseases of the liver and
the kidneys), include persons. experienced or familiar in general
medicine; persons familiar with the subspecialties of internal
medicine (cardiology, pulmonary diseases, and gastroenterclogy,
for example); persons who are board certified or familiar with
family practice; and last, but certainly not least, the general
practitioner or family doctor. There are a few physicians who
would not be as useful as these individuals would be to you--
psychiatrists or pediatricians for example. Obviously, their areas
of expertise are not primarily in occupaticnal medicine or general
internal medicine. .

Another consideration is that if you are going tc establish a re-
lationship with a local doctor, it's helpful to choose. somebody in
group practice. Slngle practitioners go on vacatzon, they can get
sick, they can retire from practice, and. if you've. developed a
program with a physician who decides to. leave his practice, you
“have. to start all over. agazn developxng the program with somebody
else.. , L ‘ _

How do you findTan,appropriate'dobtor? The American Medical Associ=-
ation (AMA) comes out with. a five-volume annual listing of physicians
registered and licensed to practice in each state. The AMA now also
has a specific listing of female physicians. The American Occupa=-
tional Medical Association (AOMA) also comes cut with an annual -
listing of its members. These are people who are interested and

- who also have some specific expertise in occupational medicine.

If you don't have access to those books, the county or state medi-
cal society will have lists of people who are certified to practice
in certain fields--board certified in internal medicine, pulmonary
diseases, and so on. The chief of staff of your local hospital
would probably know of a group practice that would be interested in
- your kind of work. You can alsc get recommendations from other
plants in your area if they have a similar kind of program.

The idea, then, is that once. you have some doctors who you would
be interested in, you meet with them, explain your interests, the
kinds of medical programs that you think you need to have, review
the kind of information that you've gotten from material safety
data sheets and from your industrial hygiene review of the plant,
and explain what you think should be done. The doctors, in turn,
will probably have some additional ideas. Even if a doc¢tor says
he's not familiar with occupational medicine, it is possible for
hlm to become familiar with it.. : .
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Once you start the program, the doctor should visit the plant,

to get an idea of what kinds of processes and activities go on.

He should visit annually to review the work processes, look at

the plant, and familiarize himself once again with the kinds of
work that you are going to be sending him. He'll need an idea of
the work your employees do. You should also have him come back -
to the plant if you'wve made any s;gnlficant changes in your process
sznce his last vxsxt.

If your doctcr is unfam;llar with occupat;cnal med;c;ne, or with
general concepts of industrial hygiene, toxicology, OSHA, and so
on, there is extensive literature that has become available in the
last ten years. As I menticned, the AOMA publishes a journal which
is very good and is practically oriented. Many books are available.
You can even'sponeor his participation in some local or regiocnal
subchapters in each state, and they meet periodically. Feor instance,
I belong to the Connecticut OMA and we meet about five times a year

" in addition to the annual meeting.

Now you may be asking, what examinations are we going to need? We
have examinations for people who are potentially exposed. This
group is comprised, by and large, of the people in the plant who
work in the processes; they’'re production workers, safety managers,
plant managers. 1In other words, they're the people who will be
around the entire worksite, doing or checking certain processes.

An examination should be done periodically to determine which work- -
ers can be medically certified to safely wear a respirator in the
workplace. There are periodic noise measurements and audiometric

~ examinations that should be done if you have workplace noise ex-
posure. Then there are production-related examinations, spec1f1-
"cally cholinesterase b;omonltorlng, which I w111 detail later in
this dlscuss:.on. _

You should also plan for preemployment or preplacement examinations.
The main reason for this, of course, is to-establish that an indi=
vidual is medically capable of perform;ng the duties of the job
for which he or she is applying. 1It's also to assure that people
are placed in jobs which are appropriate to their physical and
emotional health. Another important reason for these examinations
is to establish a detailed profile of the individual's health at
the time of employment. This information provides a base for sub-
sequent comparative measurements and analyses of future health
trends in that individual or among your employees as a group. By
comparlng subsequent health results you can see whether or not
there is any relationship between workplace exposure or workplace
activities and the development of occupationally related diseases.

‘The doctor, when he does these examinations, will have to know a
bit about the current state of the applicant's health, with due
consideration. te significant past medical history. It is impor-
tant for the person to give the doctor a detailed past employment/
past health history, including what kinds of jobs were held in the
past, what serious illnesses the person has had, any major opera-
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tions, and family history. We are discovering more and more about
the relationships between certain genetic factors and some diseases
which are not necessarily occupation related. The doctor will have
to know what job the applicant is seeking s¢ that he will know what
areas to focus on. You're also going to have to give the doctor
some idea as to whether there are any special environmental con-
siderations on the job, including protective clothing, respirator
use, and so on. .

The scope of the basic preplacement and pericdic examination in-
volves a health history, travel history, perhaps military history:;
then the physical examination itself by the doctor; and some labora-
tory studies. A useful screening series of laboratory studies in-
cludes a complete blood count, a urinalysis, and a screening series
of biochemical tests that look at liver function, kidney function,
protein metabolism; then some general clinical studies: pulmonary
function tests, breathing tests, electrocardiocgram, chest x-ray, and
audiometric testing for a baseline evaluation with subsequent test-
ing if there's a noise problem in the plant. The doctor should re-
view all these factors together and then provide you with his recom-
mendations regarding whether or not he feels the person can con-
tinue to work safely in the workplace; and, if the person needs
respiratory certification, whether he feels that the person c¢an

wear a resplrator safely.

The objectlve of perzodlc examlnatlons is to evaluate the current
health status of your employees relative to their work. Periodic
examinations should be given to those employees who work with OSHA-
requlated substances. Vinyl chloride is one good example; asbestos
is another. Acrylonitrile and BCME are two others. In other words,
periodic examinations of your employees should take place if they
work with substances which mandate such examinations, oxr if your
company decides that periodic examinations are necessary to identify
and preclude adverse health effects, or to look at safe job per-
fcrmance for those employees who are in Spec1f1¢ work asslgnments.

With regard to special exam;natlons, two additional programs wh;ch
I'd like to talk about that may be required in your facilities are
clinical testing for respiratory certification and laboratory test-
ing for cholinesterase biomonitoring. An OSHA recommendation _
(29CFR1910.134) states that individuals should not be assigned to
use respiratory protective devices unless a physician has deter-
mined that they can do so without risk to their health. Broadly
speaking, this means that an employee who would use a respirator
should have a periodic medical examination by a doctor. OSHA
suggests that it be done annually, tc make sure that the employee
has not developed any health conditions, such as cardiac disease
or respiratory disease, which would make it difficult for him to
wear a resplrator safely. For this testing, a brief health his-
tory review is needed along with the physical examination by a
doctor. A pulmonary function or breathing test, a periodic chest
X-ray, an electrocardiogram, and perhaps some other clinical
studies are called for. If your employees have periodic medical
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examinations, it's an easy thing just to have the doctor add those
other tests that he feels are appropriate to accomplish the res-
piratory certification., If they do not get an annual or pericdic
medical examination, then you may need to identify for the doctor
those employees who are going to wear respirators so that he can
do the appropriate clinical testing,

On the questian of laboratory testing for cholinesterase inhibition,
this is a little more involved, and a brief explanat;on is in order.
Exposure to organophosphate chemicals may result in the inhibition
of human acetyl-cholinesterase, an enzyme vital to the maintenance
of effective nerve. and muscle function. Because of this, periodic
cholinesterase testing is useful in the health- supervision of
workers exposed to cholinesterase-inhibiting organophosphorus _
compounds. This testing allows for detection of potentially sig-
nificant individual exposure to organophosphorus compounds before
the occurrence of clinical illness.

Although'carbamate compounds may also inhibit this enzyme, any
inhibition which occurs tends to be very short, owing to a rapid
reactivation of the enzyme. Thus, while it is important to recog-
nize that carbamates may inhibit cholinesterase and to be alert
for symptoms of illness, periodic monitoring of cholinesterase
levels among individuals working solely with carbamates has little
clinical usefulness in occupational biomonitoring. :

The organophosphate tends to. form a very stable complex with the
acetyl-cholinesterase enzyme. So,.in that situation, you would
have to use two drugs-—atropine. to block the effects (which are.
salivation, pinpoint pupils, nausea and vomiting) and then 2-pam
chloride, which helps to selectively lift the organophosphate off
the acetyl-cholinesterase enzyme., You can reverse the inhibition
of organophosphate insecticides on acetyl-cholinesterase by using
drugs. The carbamate compounds form much more tenuous, loose
associations. And we find that in most situations, unless there
has. been severe carbamate inhibition, when technicians in a labor-
atory start to add the reagents to a blood specimen to do the
laboratory analysis, the equilibrium constant of the carbamate
with the acetyl-chclinesterase enzyme changes, and it dissociates.
The result is relatively normal acetyl-cholinesterase levels. Be-
cause of this we don't recommend that people exposed only to car-
bamate insecticides receive periodic cholinesterase biomonitoring.
Instead they should be monitored primarily on other medical con-
ditions, and they should be primarily locked at for evidence of
symptoms. Periodic cholinesterase biomonitoring will not be useful
unless. there has been a massive exposure.

The cholznesterase test is sensitive to time, temperature, and
technical factors in the laboratory. Thus periodic testing should
be in the same lab, using the same technique if at all possible.
We also urge all the laboratories we use to tell us in advance if
they're going to change the technigue, because we'll want to do
dual sampling, to switch over from cne baseline to a new baseline.
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before we give up the old. technlque.

Although several cholznesterase testlng methods are available, the
most useful program, I think, is to assess cholinesterase activity
involving a combination of red blood cell cholinesterase and plasma
choclinesterase. The red blocd cell cholinesterase is the enzyme
that is found in the nerve-muscle junction.. It's depressed very
slowly, more slowly than plasma cholinesterase, but the depression
is much more specifically- attributable to. organcphosphate exposure,
and its level accurately reflects the: degree to-which the enzyme
is inactivated at the nerve-muscle junction.  The technique for

- performing red blecod cell cholinesterase. studies is technically
involved and very detailed; :there's a lot. more varlation to it in
the- laboratory than with plasma cholznesterase. .

Although plasma chollnesterase has less analytlc varlatlon, it has
much more physiologic variation. .Plasma cholinesterase will change
depending upon a person's alcoholvintake, recent infections, liver
disease, and it also changes to some extent with the hormonal cycle
of women. Thus it is a little more difficult to establish a base-
line level for plasma cholinesterase. The plasma cholinesterase
usually reacts. quickly to organophosphate: exposure, but it's not
specifically attributable to that. A person with a head cold may
have a: reduced plasma cholinesterase level which is not related to
organophosphate exposure. Unless the doctor has the combination

of red blood cell and plasma information to make a judgment, it
will be hard to make identification: of what 13 causzng thls varia=-
tion in the cholinesterase level

To begin a cholinesterase biomonitoring program, ft’s recommended
that a preexposure or a working baseline cholinesterase value be
established against which subsequent values can be compared.  Such
values may be classified as preexposure baselines depending on
whether or not the individual has been exposed to any cholinesterase-
inhibiting compounds in the last sixty days. But for either pre-
exposure or working baselines, you should have two successive sam=
ples which differ from each other by no more than fifteen percent.
Either value should be determined before you put a person to work
with cholinesterase-inhibiting materials. The calculated preex-
posure or working baseline levels for each employee should be
given to the plant physician for use: in evaluatzng the results and
periodic monitoring. \

How do you determine when to pull a person from exposure? We set
limits--and these are available in one of the NIQSE Criteria Docu-<
ments on Pesticide Manufacturing and Formulating--at levels that I
believe are not likely to be associated with any clinical manifes-
tations of cholinesterase inhibition., It is definitely not a good
idea to wait until a person has salivation and pinpoint pupils,
nausea, vomiting, and diarrhea to know that he's been exposed. By
and large, the guidelines that have been set will reveal a person
who has had a slight exposure and get him out of a continuing po-
tential exposure situation long before symptoms occur. Generally
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speaking, once vou've established your baseline, a reduction of
thirty percent or more from either. the red blood cell or plasma
cholinesterase baseline requires that the person be promptly re-

- moved from exposure. Removal from exposure means avoidance of
contact with open containers or with: equipment that is used in
manufacturing or formulating organophosphate or carbamate com-
.pounds. -‘An employee removed from exposure to cholinesterase in-
hibitors can still perform work activities at locations which do
not involve significant potential for exposure to these compounds.
The decision to remove an individuoal:from exposure should be made
only by the location doctor, based upon a comparison of the latest
cholinesterase test results to the individual's baseline. If the
baseline has been reduced to-this extent, another blood sample-
should be taken for confirmation of the test results. You should
interview the. employee to determine where the exposure could have

occcurred and review the worksite of the operation, so that sources
of potential exposure are. 1dent1f1ed to prevent exposure to other

personnel. , - v

When a wcrker has been exposedPandfremoved from exposure because
his cholinesterase level has fallen below the recommended limit,
the plant doctor should order cholinesterase testing every three

to seven days. The employee can return to work once the cholines-
terase level returns to within twenty~five percent of the baseline.
In that situation the individual should be able to return to work
doing the same duties as in the past withcut any szgn;fzcant reduc-
tion in hxs ability to work. -

In summary, we've discussed the objectives of employee monitoring,
the development of an occupational health program, how to select

a local doctor for your program, medical examination components,
some special medical testing such as cholinesterase and respira-
tory protection, and some useful medical references. I hope I've
been helpful to you in.deciphering some of these medical mysteries.

[Following is the text ‘of the- questlons that followed Dr. Shaw's
presentation. ] - . ,

Question: Doctor, could yeu tell me ﬁhat fhe effects of long-term
chronic exposure to cholinesterase inhibitors are, where you don't
have a critical or acute level?

Dr. Shaw: That's a tough guestion to answer, guite honestly, be-
cause we've only done those studies in animals for up to two years
or so. I have not as yet sSeen any reports in the literature, nor
am I aware of any specific reports which indicate a long-term health
effect from low-level exposures to cholinesterase-inhibiting com-
pounds, because the enzyme is so rapidly reactivated in the plasma
situation and in red blood cells as well. Unless you have con-
tinuing massive exposures where you know the person exhibits eighty
or ninety percent inhibition, they come back for a period of time
and are knocked down again. I don't suspect that you would have

a long-term health effect. However, the information is still un-
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clear on that. There is a need for more epidemiological studies
among individuals working in pesticides manufacturing and formu-
lating plants. They would have to be done over a fifteen- to
twenty-year period, and even if different groups were doing the
studies, they should study people of the same age group, the same
sex, and the same levels of exposure to get really definitive -
results. Follow-up would be needed to make sure that there was

not a specific relationship between some health. effect and the
history of workplace exposure to organophosphates or chol;nesterase-
inhibiting compounds.- ‘ : S

Question: Isn't there some 1nd1catlon of demyellnlzatlon as a.
resuIt of organophosphates’ S ,

Dr. Shaw: Yes. In chickens there 13 some zndlcatlon of demyelini-
zation. But the chicken, unfortunately, is not a good representa-
tive animal of man. And that's one of the complications; when you
expose animals to these compounds for a period of time, you usually
use massive exposures to get something akin to an effect within

the short lifespan of the animal, In scome situations, such as the
chicken, the animal is ideal for delayed neurotoxicity. It appears,
however, that a number of things can cause delayed. neurotox;clty

zn ch;ckens, so it's a very. uncertaln area Stlll. '
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| FIHANCIAL ASSISTANCE TO SMALL BUSINESS

Johrn L. Carey
District Director, Small Buszness Adm;nistration

- I #elcomehthé“opportunityfto talk tc you about my favorite st

the Small Business Administration (SBA). I'm going to give 3

- little information on what SBA is, and, more particularly, wt

kind of financial assistance we can provide to those ¢of you v

‘are involved in small businesses, including the programs we I

that would assist you in complying with the requirements of
of: the regulatory agencles, such as EPA and OSHA.

The Small Business Admlnzstratlon was established by Congress
1953 as a temporary agency to aid, counsel, and assist small
nesses throughout the country. . The experiment was successful
in 1958 SBA was made a permanent agency of the government. [
ally, what do we do? OQur assistance programs are broken dowr
four major categories.: .

Pirst and foremost are our advocacy efforts on behalf of smal
business. In other words, we at SBA try to represent the vie
the small business before the Congress of the United States,
also, and maybe more especially, before the regulatory agenci
this country. It is pretty well recognized, especially amonc
businesses, that while the rules and requlations established
reqgulatory agencies may appear equal and uniform on the surfe
when it comes to application, the impact is nowhere near equs
across the spectrum of business. Large business is much bett
able to cope with all the reporting rquirements, process char
requirements, and so on, than small business is. Small busir
goes into it undercapitalized to begin with, so obviocusly it
at a great disadvantage.

A'second area SBA tires to assist with is that of doing busir
for the government. The United States government is a very ]
purchaser. It probably purchases about $60 billion a year ir
and services from businesses throughout the country. In the
ten to fifteen years, our efforts in trying to provide opport
ties for small business has resulted in those businesses obt:
on the average, about one-third of that business, or around ¢
b;lllon.

A third area in which the SBA is active is management assist:
Most authorities--economists and business experts--agree that
small businesses fail because of lack of expertise, especial.
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management- areas of operating the business. SBA tries to meet

this need by providing one-on-one counseling through our resources
in-house and particularly through our cooperative arrangements with
different organizations throughout the country, such as the National
Association of CPAs or the academic community. Also, we try to co-
sponsor;training programs on the business’management‘aspects-of
running a small business. This is done in conjunction with Chambers
of Commerce throughout the country, the academ;c communlty, and any
other lnterested organlzatlons.

The fourth Ltem, the maln.subject cf my remarks here today, con-
cerns financial assistance provided by the agency. SBA is a small
agency as government agencies go. -We have approximately 4,500 em=-
ployees throughout the country to service approximately 13 million
constituents,.- The organization has over 100 field offices through-
out the United States and the island of Puerto Rico. Every state
but Delaware, however, has at least one field office. Texas, -
belng the seond largest state.ln the country, has five offlces.

SBA is one of the few agenc1es in. the government that operates

- under what we call a decentralized authority. In other words,
each one of these 100 field offices has the responsibility and
the authority to. provide all types of assistance available under
all the programs SBA has to the small business client. What this
means is if you make an application for financial assistance from
a field office, say, the St, Louis office here, we have complete
authority to review your application and make a decision on whether
or not it's a creditable proposal. . If we deem it 13, we approve
that lcan and provzde dlsbursement of the monles you ve asked for
'in the loan. o o

our financial.assistance‘program;covers about seventeen different
subprograms. The one well call our 7(a) program is a regular busi-
ness locan program that encompasses the bulk of our assistance.
Under this program we can provide direct loans as well as guarantee
loans provided by a bank to a small business. About ninety percent
of the financial assistance we provide is through this bank guaran-
tee program. And as a result, only $1 cut of every $12 that we

are involved in providing for financial assistance actually comes
from the government. The rest comes from the private sector and

is supported by our guarantee. Under this program we can provide
a guarantee for up to $500,000 of any loan that a bank would be
willing toc make to a small business. If a business cannot obtain
bank financing even with our guarantee, we can provide up to
$150,000 in direct loan assistance. A word of caution: Congress's
efforts and the government's efforts to reduce direct government
ocutlays have significantly kept the available direct funds extremely
low over the past ten years or so, much. lower than demand. Last
year, for instance, of $3,2 billion in financial assistance pro-
vided by SBA, less than $300 million was in dlrect funds. This
represents about a. nznety-to-ten breakdown. -

Who is-eligible-for,assistance?, Under our programs, any small
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business that cannot obtain financing through the normal lending
channels is eligible to apply to the agency either for our guaran-
tee on a bank loan or for direct loan assistance. What is a small
business? A small business is one that is independently owned and
operated, not dominant in -its field, and that meets a cerxtain size
standards establzshed by SBA for the lndustry in which that busxness
operates. ' : o S

There are a few types of businesses ineligible for ocur assistance,
Any business that is what we call speculative in nature, or a busi-
ness that is primarily involved in investment--for example, peopile
who. hold real estate for -rental purposes,; apartment owners, Or a
small loan company--is not eligible for our financial assistance.
Businesses that operate in the:area of what we call "thought
molding"--for example, newspaper publishers, book publishers, ad-
vertising agencies, those kinds of businesses--are not eligible.
The position of the government is. that we do not want to be put

in a position where, if we provide financial assistance, it could
appear in any way that we are exerting control over these businesses
that are involved in thought molding. The government takes an
"arms length" attitude. One significant change is that we will now
make loans to purchase or establish radioc or television stations.
The reason this position has changed is that through the Federal
Communications Commission . (FCC) there is enough control of those
types of businesses, and anythzng that we m;ght do would be in-
significant. o o

I mentioned size standards established'by SBA<that'a business would
have to meet to qualify for our financial assistance programs. For
example, in the area of manufacturing we have size ranges of up to
1,500 employees. Under this broad heading of manufacture, there
are some subcategories. Generally, under 250 emplovees qualifies
it as a2 small business, However, in some of the industries--=for
example, automotive--a manufacturer could have up to l 500 employ-
ees and still be considered small. o

Volume: of 1ndustry is ancther crlterlon for size. In the business
of wholesaling, the range is from $9.5 million to $22 million in
annual gross receipts. The reason for the range is that subcate-
gories exist, based on: the product that is being wholesaled. Ser-
vice businesses range from annual gross receipts of $2 million to
$8 million. In the construction industry, a general contractor can
have up to $7.5 million gross annual receipts and still be con-
sidered small. For some of the trade contractors=--plumbing, elec-
trical, and s¢ on--the size standard is a maximum of $2 million
annual gross receipts.

Some other requirements for our financial assistance are our credit
requirements. These are basically the same as the standard credit
requirements that any lending institution would have for an appli-
cation for financial assistance. The owner-cperator must have
demonstrated the management skills to operate the business success-
fully. The owner-operator must have sufficient equity in the
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business, that is, a reasonable amount of his own money at stake,
before we will put the taxpayers at risk. We also look. for the
owner of the bus;ness to be of good character.

A key requzrement is whether that‘buSLness operation or potential
business operation will generate encugh profit to repay the lcan
out of profits. Many lending institutions make what they call
collateral loans; in other words, if there's enough collateral it's
immaterial whether the business if profitable or not. Our business
is to promote small business and to promote the economy. So we
want to provide assistance for businesses that are going to succeed.
Repayment ability out of the profits of the business is our main
requirement. Then, to protect taxpayers' interest, we look for
adequate collateral to secure the loan. The terms of these loans
can be up to twenty years.

The loans are broken down into different categories. We can pro-
vide lcans for working. capltal to provide for inventory for the
business, for example, Oor just free working capital to pay expen-
ses, provide for payment of payables, and finance receivables.
That kind ¢f loan normally has terms of about five years.

If the purpose of the loan is to provide machinery and equipment,
the loan goes for about ten years, or for the economic life of the
machinery we're providing the loan to buy. We can provide finan-
cial assistance in the acquisition of the business, either through
purchase of an existing facility or construction of a new facility.
Those loans go for about twenty years.

Generally the first step in applying for assistance is either to
discuss your needs with your banker or to come down to the SBA.
You're going to need some information for either one of these dis-
cussions, including current financial information and three years
of historic financial information (balance sheets and profit=-and-
loss statements of the business). You're going to need personal
financial statements on anyone who owns twenty percent or more of
the business, You're going to need a list of the collateral which
would go to secure a loan if obtained from the bank or SBA. You
need a statement of the purpcse of the lcan and the amount you are
applying for. _

If it is a new business venture you'll need three additional items.
First, you need a personal history statement. This is required to
substantiate that you as an individual have the background, the
experlence, and the capablllty to operate the type of business you're
going into. You'll need to put together a plan on the prospects -
of the business, including what kind of market you want to attract,

what the potential market is, and so on. 1In addition, you will

need a detailed cash-flow projection for the first year of opera-

tion to support your locan request.

The other loan program which I think is of interest here is called
our Regulatory Compliance Loan Program. In other words, SBA can
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provide ‘financing under our disaster loan-making authority to any
small business that needs help in complying with some of the re-
quirements of the Clean Air and Water Act, Occupational Safety and
Health Act, Consumer Protection Ac¢t, and the Coal Mine Health and
Safety Act. We got into this in. 1969 with the Coal Mine Health
and Safety Aot, and we've been- addlng to it s;nce then.

For a small business to apply for'thlsvtype of loan, we need some

- evidence--certification, citation, or something--from the regula-
tory agency that demonstrates that the business is required to make
certain changes in equipment to comply with the act. Because it is
a loan and not a grant from the government, we need financial in=
formation to support repayment ability of your loan request. The
use of the money is restricted to fixed assets only, because what
the compliance citation usually requires is changes in the machinery,
equipment, or your building itself, or something like that. 1In

this case, under our disaster loan program we have more direct money
than we do under our regular business program. Therefore, most of
these requests can be billed on a direct basis., The terms of the
loan are 8.5 percent and the length of the loan can be up to thirty
years. We can adjust the length of the loan depending on the
business's abillty to repay. The max;mum amount of a loan under
this program is: $500 000, _

SBA has the ability to grant a larger loan, but it is beyond the
authority of the field office. We could, however, send the appli-
cation to our central office if a business demonstrates significant
need or hardship that requlres more than $500,000. For example,
if it is a business that is the major employer in a community, that
would qualify it for a loan larger than $500,000.

That sums up the financial assistance available from the SBA, par-
ticularly the assistance available under our Regulatory Compliance
Loan Program. :
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CONTROL TECHNOLOGY PROGRAMS--DEVELOPMENT AND IM@LEMENTATION IN
GENERAL DISCUSSION ROUNDTABLE . . . - .

Keith R. Long, Ph.D. .
‘Director, Institute of Agricultural Medicine and Environmental

Health, University of Iowa

Vincent Farrell (Agway Corporation): .Regarding testing for res-
pirators, suppose t%at an operator uses one size respirator one ,day
and the same size but a different type of respirator the next day.
Where does that fit into the program’ o

James Murgh* (Monsanto Chemical Company): - To review, the reason
you are fitting a person to begin with 1s to determine which of a
variety of facepieces out of a group of respirators fits the per-
son best. In the past procedure consisted of giving everyone one

- standard respirator,. and everyocne wore the same immediate size.

Now we know'that to get a good fit you need a wide variety of sizes.

If you are. usinq a half-mask‘air-purifying MSA respirator that fits
a certain worker well, and you've determined that by using an irri-
tant smoke or a quantitative fit test,.and he changes to a full-
face piece for material that may be an. eye irritant, that is a dif-
ferent style of’ respirator. It is still the same type, air purify-
ing, but the style is different, full face. More protection should
befafforded by . %H respirator, but you need to determine that wzth
a fit test

Again, the comment I made in my talk referred only to using positive
pressure self-contained breathing apparatus. In the past a style
which supplied air only on demand of the user was common. They

came up with the innowvatiocn which creates pOSLtlve pressure in the
facepiece. ‘

Basically, wzth these respirators, if the fit is not grossly in-
adequate, fitting in that case is not mandatory. But for the air-
purifying type, and for all negative-pressure-type respirators,
fitting is necessary. Each time you change a style, it would be

a very good idea to refit the person. ,

Keith Long (University of Towa): I am going to be a bit provoca-
tive here. Doug [Fowler], during a break you had a couple of ques-
tions with respect to efficiency. Since we are discuSSing respira-
tors, would you care to pose those questions?

Douglas Fowler (SRT International): One of the gquestions that has
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arisen is the potential problem with chromatographing of material
through the charcoal of a respirator. For znstance, if one is
using a formulation that contains a solvent, is it possible to
drive the active ingredient through the charcoal because of the
solvent contained as a vapor in the air?

James Murphy: . I'm not an expert on solvent sorption or absorption
on charcocal or other sorbents. What I am told relative to protec=
tive equipment in general is that the hrghest potential for exposure
really relates to a dermal contact. 'In a potentially contaminated
atmosphere, as long as you are wearing a NIOSH—approved pesticide
respirator comprised of a prefilter for dusts and mists and a
charcoal canister for organic vapors, most of the time you will
lcad the filter before you load the: cartridge or the sorbent. As

a result, breathing resistance will increase. - That is one of the
signs. that you need to change the cartridge. And, in our case, we
change the complete cartridge and dispose of it. Some people argue
that you can change filters and keep the organic sorbent portion

of that combination or package to reuse, but we feel it is a better
idea that you dispose of the entire cartridge. If you follow that
approach, you minimize the potential for breakthrough.

The other comment on. your question relative to sorbents: I have
read of some: cases where people have used respirators in contami-
nated situations, put them aside, and reused them the next day.

. What you find is that the material sorbs on the charcoal and,then,

desorbs from it. In effect, you are drawing air through a contam-
inated filter, and you are worse "off than in the first place with~-
.out wearing a respirator. ' We feel that good work practice. is that
even if you use. a respirator for only fifteen minutes, if there is
one job a. day where a worker needs to wear a respirator, change .
the cartridge and put a new cartridge‘in; and also go through clean-~
ing and disinfecting. Skin contact is a problem if you've got
pesticide dust or contaminated respirators. You don't want to be

- putting it back on your face: S

One of the hlggest questions related to air-purifying resplrators
is in the area of breakthroughs for any type of organic vapor.

And one final peint is that even though you have an organic vapor
cartridge, and even though it is certified by NIOSH/MSHA for organ-
ic vapors, it doesn't mean that it will adsorb on all organic
vapors. You have to do your homework; you have to check and deter-
mine that it's a good sorbent. :

Reith Long: While we are on the subject of respirators, where
does a small formulator or manufacturer get respirator information?

James Murphy: I'm glad you asked. A small pesticide manufacturer

can get information from any of a number of sources. If you know
you have a problem and you are using a respirator, the first peo-
ple to talk to are the people you are buying the respirators from.
Major respirator manufacturers (MSA, Norton, and 3M--although 3M

doesn't market the pesticide respirator yet) are excellent refer-
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ences in general. We call them all the time on questlons like

those Doug Fowler just asked about breakthroughs. A lot of times
-manufacturers will do screening tests to determine whether the
material sorbs on the type of charcoal they use. A second excellent
reference is NIOSH. NIOSH.has a respirator testing certification
division out at Morgantown. - People over there are very knowledge-
able. A third reference may be the chemical manufacturer. They
ought. to be knowledgeable about the materials they make and what
respirator protection and other personal protective equipment is
good for that partlcular materlal

Paul Caplan (NIOSH) NIOSE gets questlons all the time as to why
our certification program doesn't certify a resplrator against a
given material. The answer is that our program is set up to
respond to requests for certification from the respirator manu-
facturer. Until MSA or Wilson or some other manufacturer asks for
certification with regard €0 a part;cular mater;al, we do not do
a. test for it. - . _ :

The procedure is that when somebody in the pestzclde industry or
the agricultural industry or some other industry wants a respira-
tor that will protect against a.material, they do to the respira-
tor manufacturer. The manufacturer, in turn, asks NIOSH to set
up a. certzflcatlon program for the materlal That‘is the_general
rule. - : \

Jlm Vaccaro made a comment that since . the skln was a rather Signifi=-
cant route of exposure, .and since contamination levels are a good
way to determine whether there will be skin exposure, T wonder
whether Dow, .or DuPont, or Monsanto, or any other major company
has any gquidelines for what they consider to be effective decon-
tamination standards for a given surface: that might be a source of
skin exposure. Do any 'of the major companies dec anything even if
there are not official levels to decontaminate to? Are there any
such levels that. they recommend? In the radiation business, of
course, it is very common for alpha radiation decontamination to -
decontaminate to a certain number of counts per square foot. Is
‘there any data on that? , .

James Vaccaro (Dow Chem;cal Co an ) No, Paul, not off the top
eaad. We, ’ s USE Wlpe test:.ng, not as an

my >4
indicator of exposure but as a gauge of work practices and con-
tamination in an area. I don't know that we have anything specif-

ic; we may.

Steve Paul (Monsanto Chemical Company): As far as reducing levels,
we don't have any set level. We wou%ﬁ certainly want to go some-
where beneath a level that would cause a health effect, but with
every different chemical there is a different level. So it would
be a practical tailored custom level, dependlng on the material
you are worklng with. o -

Zack Mansdorf (Midwest‘ReSearch Ingtitute): This ‘is not an answer
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to your question, but along another line there is. ASTM Committee-
F23, which is the Committee for Chemical Protective Clothing.. They
recently proposed a standard for penetration, and they have a test.
chamber that was actually developed by one of the chemical com-
panies, There will also be permeability tests and other tests
along_those.llnes. I would suspect that within the next year there
will be some information available.. If you want scme direct in-
formation now you can contact Jerry. Colletta of. Natlonal Seml-;
Conductor, -who is Committee Chalrmano- :

Paul Caplan: On the subject of penetrat;on of chemicals through
erent types of clothing and materials, NIOSH has a project out
at Los Alamos (LASL), testing penetration of various materials
(particularly chlorinated hydrocarbon materials, among others) .
through different types of cloth. As Zack [Mansdorf | mentioned,
Arthur D. Little has done a lot of this type of work. Another
reference that might interest you is the Personal Protective Com-
mittee of the American Industrial Hygiene Association. AIHA has
one committee that deals with respiratory protection and one that
deals with personal protective devices other than respiratory.
They also have two active committees worklng on standards, certi-
fication crlterla, and so on. ; :

Robert Hughes (NIOSH) Yesterday there»were‘several mentions made
of ductwork design that would prevent buildup and clogging. My
guestion, as a member of the Industrial Ventilation Committee and,
since it was stated that there was very little in the Ventilation
Manual of this nature, is: - Is design information available con-.
cerning pressure drops, proper angles, and so forth, so that ln-:
formation could possibly find its way into the manual? : :

Thomas. Blackwood (Monsanto Chem;cal Company) : There is -a. whole
body of information that 1s related primarily to fluidization,
pneumatic conveying, and that kind of thing. You can calculate
single particle saltation velocities and then loaded dust concen=-
tration saltation velcecities in the horizontal pipe, and you can
calculate choking velocities in your vertical rises. Then, through
appropriate engineering design which you will find in books like
Fluidization and Fluid Particle Systems by Frederic Azenz and
Donald Othmer, you can find out and calculate what those formulas
are. They are very precise. As a ¢general rule, you find that _
perhaps two times saltation velocity is all you need to use for

a pickup to make sure that something does fall down if the gas
flow is off, or if you get an exceptionally high loading, or if
you have a bad angle. That kind of information is available in a
variety of books on that subject. It's not usually found in the
general air pollution or even occupational area, and many times
some of the design criteria for velocities are unacceptable.

For instance, let's say that you design the line for 3,000 fpm
and you put a material like a carbon--black, powdery, one micron,
very fine material. The stuff will salt out. very easily because
it will build up along the walls and just keep moving the boundary
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layer away from the wall. Eventually it will plug the duct. Mate-
rial like that is very difficult to handle, but there are guidelines
for doing that kind of. thing. You may have to have, instead of
3,000 fpm, maybe 8,000 to 12,000 fpm in order to carry material

like that through there.. That information can be calculated. We
at Monsanto belong to a couple of research ‘consortia who research
that kind of thlng, and there is a small body of people out there
who are do;ng it, so that kind of data is. available. ‘

The theory is 80 precise in_this particular area that experimental
reproducibility verification is just phenomenal. We have seen re-
search work that has been done where that exact point of cutoff is
very precise. And it can be calculated once you have a good idea
of what the particle size distribution is. 1It's not as vague and
not subject to as much engineering judgment as‘'you would think.

Paul Caplan: Chuck [DeCrane], do you have any comments with.
respect to that?

Charles DeCrane (Quachita Mach;ne, Inc.): 1In response, I would
Iike to add that I think this points up why it behooves even the
small formulator to utilize people who have applied some of this
technology that is not necessarily directly related to the prob-
lem and to benefit from that experience. Certainly if a small
operator attempts to handle the problem alcne, he could use the
material available in the Ventilation Handbook, and that would be
a very good. starting point., But sometimes borrowing technology
from another field can be a tremendous benefit. I would suggest
that they consult people who are familiar with the problem.

Ronald Hutton (Petrolite Corporation): My question, or comment,
1s really directed to Mr. Vaccaro Ifrom Dow, but maybe it could
generate some discussion from the panel members. It relates to
the role of dermal contact versus inhalation, and the role of
pesticide toxicity. He mentioned a size range of one to ten
microns as being a respirable range for pesticides, indicating that
particulates larger than that would not contribute to overall body
burden. I wonder if that is not overlooking the problem associated
with impinging in the upper respiratory tract and mouth and being
swept up and swallowed. Larger particles, perhaps, contribute

more to body burden than the material inhaled because of the mask.
- He alsc mentioned a figure of scmething like 1,500 milligrams per
hour on the skin versus a couple of hundred m;ll;grams per hour
inhalation contact, indicating the problem associated with dermal
contact. He really did not, at that point, give any consideration
regarding skin penetration of the particular material., I wonder
if either of those two points might generate some discussion.

. Douglas Fowler: I think I can start a discussion on that. There
1s no question but that when pesticidal dust, whatever size, set-
tles on the skin, or is captured in the nose or the upper respira-
tory tract at any point, it has the potential to be absorbed. That

very much depends on the individual chemical properties in rela-
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tionship to the skin and to the bodily fluids, the mucous mem-
brane permeability to the spec;flc chemical. But yes, that's
true. Respirable dust sampling, in general, is an Lnapproprzate
way to evaluate the potential for harmful exposure in a pesticide
plant, because so many of the pesticides do penetrate the skin or
may be taken up in the upper resp;ratory tract. It's not like
silica dust, where the material is insoluble on a very short con-
tact with mucous membrane and requires prolonged exposure in the
lower lung to cause the harmful effect. Second, the larger par-
ticles may settle out on the skin, but the very fine particles

are attracted to the skin and may be captured‘relatlvely effec-
tively, particularly on sweaty skin. So yes, there is clearly

a large pctentzal for exposure. If I am not mistaken, Homer Wolfe
did include, in his consideration, that table that Jim Vaccaro
showed. This was a consideration of the permeability of the mate-
rial through the skin. With that dose per hour--milligrams per
hour by dermal route' and by inhalation--I think he assumed that
the inhalable material was Quantitatively absorbed. I think he
applied an appropriate penetration factor to account for the fact
that all the material would not be taken up through the skin.

Paul Caplan: Several papers have been published by Homer Wolfe and
aylan . Hayes, M.D., and Griffith E. Quinby, M.D. that have to
do with this particular phenomenon. If you look in the literature
under those names you can find out. Most of the work was done in
the fifties and sixties, so that it is quite revealing. O©One thing
I might also pocint out, which is not to be overlooked, is that the

larger particles that are impinged in the nose and the upper
pharynx tend to be swallowed: This phenomenon has always been a
complicating issue when you are dealing with people who are ex-
posed to dust without respiratory protection. I am not sure if
there is any way of quantifying that, but at least it is something
that we ought to recognize; '

Stanley Dryden (Standard Oil of Callfornla) I agree wholeheart-
edly with what Doug | Fowlier | said. There is a tendency to confuse
the two concepts of respirability, which is generally considered .
to be the ability of particles to reach the alveoli, the deepest
part of the lung, and inhalability, which is the ability of a
particle to just get into the upper respiratory tract. Once mate-=
rials like pesticides or lead get in there, there is a good chance
they will be swallowed and thus be available for absorption into
the system. One pcint I would like to correct Doug [Fowler] on,
and I have not heard this brought up in the past two days, is that
there is a place for respirable sampling in the pesticide indus-
try, since many of these inert clays that we use contain a signi-
ficant amount of silica. As was pointed out esarlier, we coften
overlook the solvents when we are locking for the actives. Some=
times we overlook the so=-called inert dust when we are loocking for
the actives as well. Slgnlflcant amounts of silica have been
found in many of the blending clays we use, and we are trying to
get rid of them to the extent we can.
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Doug Fowler: kStan is absolutely right and I stand corrected.

Lt. Col. Reuben Sawdaye (U.S. Army Chemical Systems Laboratory)
I've got a request for the panel and the members here on the floor.
One of our research development groups, the U.S. Army Biomedical
. Laboratory, is trying to gather human toxicity data on acute,
subacute, and chronic exposure to organophosphates. We do have
work that has been done on this since World War II, but there are
some large data gaps which have been brought out here today. We
are willing to open a formal exchange of information with anybody
on this topic. The second thing I would like to comment on is
quantitative respirator fit. The National Cancer Institute has
their draft paper on the carcinogenic properties of dioctylphtha~-
late in which it was proved that this material is a carcinogen in
mice and rats. S¢ if you are looking aleng those lines, start
locking for a substitute item, because it won't be long before we
will have another problem._

Stanley Dryden: The person who made the comment may well be aware
of this, but I thought I would point it out. All pesticides in
the country have to undergeo a very thorough registration ptocedure,
and this involves a great deal of submission of toxicity data on
acute through chronic effects in a well spelled out protocol of -
testing. These data are submitted to the Office of Pesticides and
Toxic Substances of EPA, and I believe that information is public
record information. I am sure that you would have access to it.

Lt. Col. Reuben Sawdaye: What we are looking for is the human, and
'not the animal, because of the species variation. We have had some
problem correlating the data.

Paul Caplan: We are going to wrap this up in a few minutes, but

I am going to be selfish and pose a questicon that all the panel
can respond to. Often the only time the small formulator or manu-
facturer realizes he has a problem is when he has a catastrophic
event occur. I would like the panel to respond to, cne, where

can the independent formulator or manufacturer go to realize that
he may have a prcblem before he has a catastrophic event, and,
two, what mechanisms are there available for training of the inde-
pendent manufacturer or formulator, so that he becomes aware of
this?

Douglas Fowler: The independent formulators that we observed re-
lied very heavily on the basics. O0f course, they have had some
catastrophes, I think it is very difficult to find a consultant,
without help, who is knowledgeable in the field, who has the
requisite engineering skills, the analytical chemistry knowledge,
and so forth, to be able to do an adequate job of evaluating an
overall program. The recommendation was made that you could lcok
up consultants in the back of the AIHA Journal. That is pretty
risky business, as a lot of those folks do not know anything about
pesticides, and this is a specialized enough area that you have to-
be sure of getting appropriate advice. Similarly, many engineers
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know relatively little about health protection., I have seen some
very strange ventilation systems designed by competent professional
mechanical engineers. I think that first you need to use your
basics: use the suppliers and get their advice, ask them who they
know in the field of occupational health and environmental sciences--
who would be a competent consultant. Use their professional con-
tacts. I think that is the simplest and best way to go about it.
Sometimes state health departments have knowledgeable pecople.

There are people like Dr. Keith Long at the University of Iowa.
There are, in scme of the regions of NIOSH, knowledgeable people

in this particular area. It is just not a common area of interest
and expertise, and yocu have to be careful whose advice you rely on.

Reith Long: This is a very difficult question to answer, I realize.
It 1s the purpose of this symposium to try to figure out this kind

of soft spot. The comment was made that engineering controls and
implementation favor the larger companies because of financial ocut-
lay, personnel involved, and the cost of those personnel; and that
consequently the small operator may be left out in the cold. I

think that we need to look at that from the standpoint of how we

can keep the small operator in business, and how he can get the
necessary training to implement the kinds of things we have heard
here in this symposium. ) ' i

158



10.

1l1l.

12,

APPENDIX A

PARTICIPANTS AT NIOSH SYMPOSIUM
DECEMBER 2-3, 1980

Albrecht, W.
NICSE.
Cincinnati, OH

Anderson, James
5.C, Johnson & Son,
Racine, WI
Banden, Mark
OSHA

Bardsley, C.E.
Mallinckrodt,
St. Louis, MO~

Inc.

Bash, Jochn E.

Mobay Chemical Corp. -

Kansas City, MO

Batton, Everett
Union Carbide
St. Louis, MO

Benefiel, Robert
Elanco Products Co.
Indianapolis, IN

Bepler, Mike
Chevron Chemical
Richmond, CA

Bicknell, Ralph

.NIOSH

Kansas City, MO
Birthisel, Timothy
The Andersons
Maumee, OH

Blackwocd, Mary Jo

St. Louis UnlverSLty

St. Louis, MO

Blackwood, Tom¥*
Monsanto Chem. Co.
St. Louis, MO

*Speaker

13.

14.

15.

16.

17.

18.

19.
20.
1.
22.
23.

24.

- 159

Blake, Charles
Clayton Environmental Cons.
Southfield, MI

Blanten, Roy -
The Andersons/Lawn Fert.. DlV.
Maumee, OH

Blowers, Richard
Monsanto Chemical Company
St. Louis, MO

Bogart, David

FMC Corporation

Middleport, NY

Boncek, Joseph
Union Carbide
St. Louis, MO

Brinkman, William
Mobay Chemical Corporation
Kansas City, MO

Brister, Ed
Helena Chemical Corporation
West Helena, AR

Brocker, William

Velsicol Chemlcal COrporatlon
Chicago, IL

Bunkowski, Kenneth*
American Cyanamid Company
Hannibal, MO '

Burkhardt, H.F.
Lake Shore Equip. & Supply
Elyria, OH

Burns, David
Carson Chemicals,
New Castle, IN

Inc.

Callahan, Bob
Zoecon Industries
Dallas, TX



25.

26,

27.

28.

29.

30,

31.

32,

33.

34.

3s.

36.

37,

Cannon, James
Chemical System Laboratory
Baltimore, MD '

Canser, Mike.
NIOSH
Cincinnati, OH

Caplan, Paul*
NIOSH
Cincinnati, CH

Carey, John*

Small Business Admin.
St. Louis, MO

Carlton, Ray D.
American Cyanamid Co.
Wayne, NJ .

Carmlchael, Steve
USDOL-QSHA
St, Louis, MO -
Champion, Mike
Riverdale Chemical
Chicago Hgts. IL

Clarke, Thomas
FMC Corporation
Philadelphia, PA

Coan, Michael
Chevron Chemical
Maryland Hgts., MO

Colton, Craig
OSHA-Trng. Institute
Des Plains, IL

Cooper, Steve
Helena Chemical Corp.
West Helena, AR

Corbett, W.J.
Dubois Chemicals
Sharonville, OH

Costello, Nick
Lake Shore Equip.
Elyria, OH

& Supply

*Speaker

160

l8,

39,

40,

41.

42.

43.

44.

45,

46,

47.

48.

49,

30.

Crider, Chuck
Farmland Agriculture
St. Joseph, MO

Crowley, Paul
FMC Corporation
Sargeant Bluff, IN

Currie, Gene
Imperial Incorporation
Shenandoah, IA

Danz, Albert
Union Electric chpany
St. Louis, MO

Darst, William
Monsanto Chemical Company
st. Louis, MO

DeCrane, Charles*
Ouachita Machine Works, Inc.
West Monroe, LA

Delaplane, Bill
Fred S. James
Chicago, IL

Dexheimer, Jim
American Cyanamid Company
Hannibal, MO

Ditchfield, David
Federal Chemical Company
Indianapolis, IN

Dobby, John
Liberty Mutual Insurance
St. Louis, MO

Doeflein, Edmond
Union Carbide
Charleston, WV

Doritty.; George
Technical Micronics
Buntsville, AL

Dryden,'Stanley*
Standard 0il of California
San Francisco, CA



s1.

352,

53.

54,

55.

56.

57.

58'-

59..

60.

6l.

‘ 62.

63.

Earhart, Charles, Jr.¥*.
Platte Chemical Company
Fremont, NE .

Farrell, Vincent*
Agway Corporatlon
Syracuse, NY

Ferraro, Charles
Velsicol Chemical Co.‘
Chicago, IL

'Fowler, Douglas*

SRI International',”,
Menloc Park, CA
Caruccio, Richard
USWA.

Fairport Harbor, OH

Gerety, Peter ,
Griffin Corporation
valdosta, CA = L.

Gettys, Carl

Local #12 Int'l Chem. Workers

Collinsville, IL -

Gilding, Thomas. S
National Agric. Chem. Assoc.
Washington, DC

Godier, Gerry
Local #16-=Int. Chem. Workers
St. Louis, MO

Gold, William
Dow Chemical Company
Midland, MI

Gorbandt, Mark
Rigo Company
Buckern, XY

Grady, Charles
Tech. Mgt. Cnslts.,
Melbourne Beach, FL

Inc.

Green, Tim
FParmland Chemical Plant
St., Joseph, MO

*Speaker

lel

64.

65.

66.

67.

68.
69.

70.

. 710

72.

73.

74.

75,

76.

Haag, Walter*
NIOSH
Cincinnati, CH
Habermehl, D.E.
Imperial Corporation
Shenandcah, IA

Hackathorn, David* -
Mobay Chemical Corporation
Stilwell, KN

Hacker, Steveh
Petrolite Corpeoration
St. Louis, MO

Harmon, James
Chevron Chemical Company
Maryland Hgts. MO

Haug, William
Hopkins Agric, Chem. Co.
Madison, WI

Heath, Luckey
Stauffer Chemical. Company
Westport, CT

Hemingway, Ronald®*
DuPont
Newark, DE

Herr, Gary

U.S. Army
Ft. Leonard Wocod, MO

Herrington, L.E.
Stauffer Chemical Company
Westport, CT

Hitcho, Paul
United Steel Workers

Hohn, Herbert
Boyle~-Midway, Inc.
Cranford, NJ

Holt, Denver L.
OSHA

St. Louis, MO



Operatiocns & Distrib. Programs

Houston, TX

78. Bopkins, James

Hopkins. Agric. Chem. CO.‘

Madison, WI

79, Hudson, Tom

_Granite City Steel/Nat'l

Steel Corp. ..
Granite City, IL

80. Hughes, Robert* .
NIOSH ‘ o
C;nclnnat;, OH

81°‘Eutton,‘Ronald
Petrolite Corp.
St. Louis, MO

82. Jente, R.C.

.Vestal Laboratories

St. Louis, MO

83, Johnson, David .
FMC Ag. Chem. Group
Middleport, NY

84. Jordan, Peter ,
Rohm & Haas Company
Bristol, PA

85. Judd, Leroy
Merck & Company, Inc.
St. Louzs, MO

86. Junior, Larry

Local #16-Int. Chem Wkrs.

St. Louis, MO

87. Jurgiel, John
Jurgiel & Associates
St. Louis, MO

88. Kaijala, Christopher

Rohm & Haas Company
Bristol, PA

89. Keep; Orville
‘ Imperial, Inc.
Shenandoah, IA

*Speaker

162

9l.

92.

93.

94.

85.

96.

Mallinckrodt, Inc.
St., Louis, MO

Knieriem, Betsy

Chesterfield, MO

Kolcun, J.P.
ICI Americas
Wilmington, DE

Lattire, Floyd :
Mobile Chemlcal COmpany
Richmond, Va

Lawhon, David
Helena Chemical Company
Cordelle, GA

Lee, William
FMC Corporation
Philadelphia, P2

Lentz, Patricia

. Ohio Dept. o¢f Ind. Rel.

19&.

99,
100.
101.

102.

Columbus, OH

Lewis, Don
Rigeo Company
Buckner, KY .

Lincoln, Jerry
Hopkins Agric. Chem. Co
Madison, WI

Long, Keith*
University of Iowa
Oakdale, IA .

Lough, David
Mallinckredt, Inc.
St. Louis, MO

Lowe, Gene
Dow Chemical Company
Midland, MI

Mahlburg, William
Hopkins Agric. Chem. Co
Madison, WI




103. Mansdorf, S.2. 116. Owens, John
Midwest Research Inst. PBI-Gordon Corporation
Kansas City, MO Kansas City, KN

104. Marsden, David - 117. Pace, James*

Agway- Corporatzon o

FMC Corporation
Syracuse, NY '

Middleport, NY

118. Paschang, Alan
'PBI-Gordon Corporation
Kansas City, RN

105. Matsumoto, Gene
. Johnson Wax .
Racine, WI

106, Mayer, Robert . :
Thompson-ﬂayward Chem. co.
Kansas City, KN

119, Paul, Steve
' Monsanto Chemical Company
" 8t. Louis, MO
107. McGinn, Martin* 120.
Scuthern Mill Creek Products
Tampa, FL

Penney, W.R.

Monsanto Chemical COmpany
St. Louis, MO

108. Mefford, Gary - 121.
FMC Corporation

Baltimore, MD

Perry, John
Chemical Systems Laboratory
Baltimore, MD . .

109. Meredith, Michael 122. Pesacreta, Joseph

Tobacco States Chem. Co., Inc. Boyle-Midway, Div. of AHPC
Lexington, KY : Cranford, NJ :
110, Miller, Richard 123, Pickett, William

U.S. Air Force p
Scott AFB, IL

Prentiss Drug & Chem. Co. Inc.
New York, NY

111. Miner, William
Federal Chemical Company
Indlanapolls, IN

124. Pierce, thllzp
MEDDAC

Ft. Leocnard Woocd, MO

112. Morris, Jerry
M&M Protection Consultants
. St. Louis, MO

125. Porter, Frank
Stauffer Chemical Company

Westport, CT

126. Raleigh, Richard
.~ The Andersons, Lawn Fert. Div.
' .Maumee, OH

113, Murphy, James*
g Monsanto Chemical Company
St. Louis, MO

114. Newton, Gene 127. Randle, Greg
Dow Chemical Company - QSHA
Midland, MI -
115. Newton, Jim . 128. Rapp, Donald
Tobacco States Chem. Co. Dow Chemical Company
Lexington, KY Midland, MI

*Speaker

163




129.

130,

131.

132.

133.

134,

135.

136.

137.

138.

139.

140.

141.

Reege, Francis
Rohm & Haas Company
Bristol, PA

Renshaw, Frank o
Rohm & Haas Companyr
Bristol, PA :

Rhodes, Greg-
American Cyanamid Company
New London, MO

Richardson, Ronald

'E.I. DuPont de Nemours & Co.

Wilmington, DE

Richter, Paul
Mine Safety Appliances Co.
St. louis, MO

Riemann, Roger

Granite City Steel/
Natl. Steel Corp. .

Granite City, IL

Ries, Gerald
Minnescota Mining & Mfg.
St, Paul, MN

Robbins, Dan
Rigo Company
Buckner, KY

Rodenhouse, Louis .
Scott Aviation
South Haven, MI

Rongey, Donald
Local #lG-Into c-b'Emo Wkr50
St. Louis, MO

Russell, Sandra
University of Tennessee
Memphis, TN

Sawdaye, Reuben

U.S. Army Chem., Systems Lab.

Aberdeen, MD

Schaller, Heiman*
Mobay Chemical Corporation
Kansas City, MO

*Speaker

142,
143.
144,
145.
146.

147.

T .. 148,

149,

-Schmidt, John E.

BASF Wyandotte Corporation
Parsippany, NJ

Schmidtke, David
Dow Chemical chpany
Midland, MI

Schroy, Jerry
Monsanto Chemical Company
St. Louis, MO

Shaw, Robert¥®
Stauffer Chemical Company
Westport, CT

Sigler, John
Thompscon-Haywardé Chem. Co.
Kansas City, KN

Silk, Jennifer
OSHA '
Washington, DC

Simpson, Daniel
W.R. Grace & Company
Memphis, TN

Slatterly, Thomas

~ FMC Corporation

150.

151.

152,

153.

154.

164

Fresno, CA

Smith, A.D.

Stauffer Chemical Company
St. Gabriel, LA

Snyder, Jeff
OSHA
Washington, DC

Secyak, John
U.S. Army Chemical Systems
Aberdeen, MD

Stern, Richard*

Chemical Processes Branch=-EPA

Research Triangle Park, NC

Stipanuk, A.D.
Johnson Wax
Racine, WI



155.

156,

'157.

158.

159,

160,

161.

lez.

163.

164.

165,

166.

167.

Vaccaro, James*
Dow Chemical Company
Midland, MI

VanDragt, Willard
FMC Corporation
Malaga, NJ

Vesper} James
Eli Lilly and Company
St. Louis, MO

Wagner, Clarence
Ralston Purina Company
St. Louis, MO

Warder, Dale
NOR-AM Agric. Products
Naperville, IL

Watson, David _
Chevren Chemical Company
Maryland Hgts., MO. o

Weiskopf, R.A. )
Wagner Electrical Corp.
St. Louis, MO

Wheler, Roger
NICSH
Cincinnati, OH

Wile, Ray
Dymon, Inc.
Kansas City, KN

Wilhelm, Cathy
OSHA )

Willhite, Larry
Helena Chemical Corp.
West Helena, AR. '

Wolfsberger, Joseph®
Monsanto Chemical Corp.
St. Louis, MO

Yang, Kim
Ralston Purina Company -
St. Louis, MO ‘

*Speaker 165
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" PANEL BIOGRAPHIES
(alphabetical)

" THOMAS R. BLACKWOOD, Monsanto Chemical Company

De. Blackwood currently serves as a consultant on solids processing
technology in Monsanto's Corporate Engineering Department in St.
Louis. He is a graduate of the University of Michigan and has over
ten years of experience in air pollution control. He has also pub-
lished over fifty papers and reports on measurement, control, and
assessment of fugitive and hazardous emissions. Within Monsanto,
he provides technical assistance to plants on workplace exposure
control as well as general air pollution control. He is a member
of the American Institute of Chemical Engineers and the Air Pollu-
tion Control Association.,

KENNETH BUNKOWSKI, American Cyanamid Company

As Field Engineer of the Agricultural Division of American Cyanamid,
Pesticide Department, Kenneth Bunkowski is responsible fer super-
vising contract formulator locations. He provides technical and
engineering service to customers in setting up formulating and
packaging facilities, and assists in developing formulation proce-
dures and packaging for Cyanamid products and other miscellaneocus
technical and engineering fuel services.

~PAUL E. CAPLAN, DPSE/NIOSH

Paul E. Caplan is a Research Industrial Hygienist in the Engineer-
ing Control Technology Branch of the Division of Physical Sciences
and Engineering, NIOSH. Before joining NIOSH in 1971, he served
with the California Bureau of Occupational Health as a Senior In-
dustrial Hygiene Engineer, where he worked extensively in Agricul-
tural Health programs. He holds B.S. degrees in Chemistry and
Chemical Engineering and has a Master's degree in Public Health,
Industrial Hygiene Engineering. A Registered Chemical Engineer

and Safety Engineer in California, Mr. Caplan has been certified
by the American Board of Industrial Hygiene and the Board of Cer-
tified Safety Professionals. He serves on technical committees

of the American Industrial Hygiene Association, the American Con-
ference of Governmental Industrial Hygienists, the American Society
for Testing and Materials, and the National Society of Professional
Engineers. '

JOHN L. CAREY, Small Business Administration

John L. Carey has served in various key positions with the Small
Business Administration since he joined the organization in 1969,
as Associate Administrator for the Management and Procurement
Assistance Office in Washington. Currently District Director in
St, Louis, Missouri, Mr. Carey has also served as the District
Director in Houston, Texas, and as the Chief of the Loan Adminis-
tration Division of the New Orleans District Office. Prior to
joining SBA, Mr. Carey was employed by General Motors Corporation
and Pratt and Whitney Aircraft.
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CHARLES E. DeCRANE, Ouachlta Machine Works, Inc.

Currently Design Engzneer at Ouachita Machine Works, C. E DeCrane
has fifteen years' experience in the aerospace industry as a de-
signer'and design engineer. He has had eight years' experience
in the packaging industry. Mr. DeCrane has been agssigned four
patents on dust/vapcr control systems

STANLEY L. DRYDEN, Standard 0il Company of California

Stanley L. Dryden received his B.S. in Environmental Engineering
from California State Polytechnic University and his M.S. in In-
dustrial Hygiene from Harvard University. Currently Manager, In-
dustrial Hygiene, for Standard 0Oil Company of California, he is
responsible for the development and direction of all industrial
hygiene services for Chevron operations, He has also been affili-
ated with Lawrence Radiation Laboratory. Mr. Dryden is a member of
the American Academy of Industrial Hygiene, the American Industrial
Hygiene Association, the American Petroleum Institute, and past
president of the Northern California Section, AIHA. He has also
been a consultant on-occupational health standards, and has been a
member of the Advisory Committee on Airborne Contaminants of the
California Division of Occupatzonal Safety and Health.

CHARLES E. EAREARE, JR., Platte Chemical Company :

Charles E. Earhart, Jr., received his Ph.D. in Physical Chemistry
from the University of Houston. He continued his education in the
Development Department of J.R. Geigy, McIntosh, Alabama, plant.
After CIBA-GEIGY Ag Division assignments in Switzerland, Florzda,
and North Carclina, he spent twe years with Transvaal, Inc., prior
to joining Platte Chem;cal. He 1is currently Operations Manager '
for Fremcnt. _ - ‘ . -

VINCENT J FARRELL, Aqway, -Inc,

Vincent J. Farrell graduated in 1960 from- Rutgers University with

a B.S. in Agriculture. He served three years in the U.S. Navy as

a communications officer. EHe has worked for Agway, Inc. for six-
teen years in sales and service, product management, and, current-
ly, in producticn. For the past five years, Mr. Farrell has been
Plant Manager of Agway's pesticide formulatlon fac1llty.

DOUGLAS P. FOWLER, SRI International

Douglas P. Fowler is currently Senior Industrzal Hygienist with

SRI International. He received his B.S. in Preventive Medicine
from the University of Washington in 1967 and his M.S. in Occupa-
tional Health from U.C.L.A. in 1970, He is a Ph.D. candidate in
Environmental Health with the University of California at Berkeley.
A Certified Industrial Hygienist and registered Radiologic Techni=-
cian, Mr. Fowler is a member of the American Industrial Hygiene
Assoclatron, the Air Pollution Control Association, and AAAS.

‘WALTER M. HAAG, DPSE/NIOSH ‘

Walter M. Haag received a B.S. and his M. S. in Industrlal Engin-
eering from Pennsylvania State University. He alsoc received his
M.P.H. in Health Planning from the Univeristy of Michigan.  He has
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taken graduate courses in management from the American University
and from George Washington University, both in Washington, D.C,
At present he is a U.S., Public Health Services Commissioned Of-
ficer, and is Director, DPSE/NIOSHE. BHe is a member of ACGIH, the
American Management Association, American Institute of Industrial
Engineers, and the Association for Systems Management. Mr. Haag
has been awarded a USPHS Commendation Medal.

DAVID R. HACKATHORN, Mobay Chem;cal Corporat;on

David R. Hackathorn received his Bachelor's degree in Chemlstry in
1967 from Park College. In 1969 he received his Master's degree
in Organic Chemistry from the University of Arizona. He is a
Certified Industrial Hygienist,eComprehensive Practice. Mr,
Hackathorn has ten years' experience in Industrial Hygiene and Air
Pcllution Control, most of it related to agricultural chemical
products.

RQNALD E. HEMINGWAY, E.I. DuPont de Nemours & Company

After receiving his B.S. in Chemistry from the Citadel, Ronald E.
Hemingway spent two years with the U.S, Army, Chemical Corps.
Upon completion of his Ph.D. at the University of Texas in 1974,
he joined DuPont. He is a becard-certified industrial hygienist
and is currently Chief of Industrial Hygiene at DuPont's Haskell
Laboratory for Toxicology and Industrial Medicine.

ROBERT J. HUGHES, DPSE/NIOSH ‘

Robert J. Hughes has been in the Division of Physical Sciences and
Engineering at NIOSH for tem years as a Research Mechanical En-.
gineer. He received both a B,S. and his M.S. in Mechanical En-
gineering from the University of Cincinnati. Mr. Hughes is also

a member of the American Conference of Industrial Government Hy-
gienists, and a member of the ACGIH Ventilation Committee. Mr.
Hughes served as NICSH's moderator durlng thls symp051um.

KEITH R. LONG, Un;verszty of Iowa

RKeith R. Long is Professor and Director, Institute of- Agrlcultural
Medicine and Environmental Health, Department of Preventive Medi-
cine and Environmental Health, College of Medicine, University of
Iowa. He received a Bachelor's and his Master's degree in Micro-
biclogy from the University of Kamsas in 1951 and 1953, respective-
ly, and in 1960 received his Ph.D. in Microbiclogy from the Uni-
versity of Iowa. He is or has been a member of: the Scientific
Adviscory Committee to Iowa Chemical and Technology Review Board;
National Task Force on Occupational Exposure to Pesticides; Pub-
lic Health Advisor, Technical Services Division, Office of Pesti-
cide Programs, Environmental Protection Agency; Governor's Science
Advisory Council; Legislative Environmental Advisory Group; and
Secretary of Agriculture, Pesticide and Fertilizer Advisory Com-
mittee,

MARTIN W. McGINN, Southern Mill Creek Products Company .
Martin W. McGinn has been employed at Southern Mill Creek Products:
Company, Inc¢., Tampa, Florida, since 1973. He has overall respon-
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- sibility for-operations, including manufacturing, warehousing,
distribution, equipment, and so on. He is a 1959 graduate of the
University of Notre Dame with a B.S. degree: in Chemistry and
Philosophy and has been associated with the agricultural and pets
industry since 13969. Prior to employment with SMCP, Mr. McGinn

- worked for ICI America for twelve years in sales, sales management,
marketing, and marketing management. In his current position at
SMCP, Mr. McGinn has served on many committees of the National
Agricultural Chemicals Association, including OSHA, Regulatory
Transportation and Distribution, and Formulators.

JAMES J. MURPHY, Monsanto Chemical Company

James J. Murphy received his B.S. in Environmental Science from
Rutgers in 1975 and his M.P.H. in Industrial BHygienme from the
University of Michigan in 1977. He is currently a Senior Indus-
trial Bygienist in the Department of Medicine and Eanvironmental
Health with Monsanto, where he provides direction and technical
support to Monsantc Chemical Intermediates Company in industrial
hygiene program development and implementation. He provides
specialized technical staff expertise corporate-wide in respira-
tory protection program development and selection of appropriate
protective equipment for specific hazard situations. Mr. Murphy
is a certified Industrial Hygienist in Training (ABIH), 1977,
and a full member of the American Industrial Hygiene Association.

JAMES B. PACE, FMC Corporation

James B, Pace received a B.A. in Industrial Management from Brigham
Young University in 1957. He has had over twelve years' experience
‘in upgrading, design, and implementation of agricultural formula-
tion plants and systems throughout the U.S. He has had extensive
prior experience in materials handling, mining, and plant opera-
tion in the Industrial Chemical plants of FMC Corporation at Green
River, Wyoming, and Pocatello, Idaho.

HERMAN SCHALLER, Mobay Chemical Corporation

Herman Schaller is the manager at Mobay in charge of formulation
products and warehousing. He joined Mobay in 1975 in this capacity.
Dr. Schaller graduated from the University of Wurzburg in Germany
and he has his Ph.D. in Organic Chemistry. After a postdoctorate
assignment at the University of wurzburg, he joined the Formulation
Research Department at Bayer Ag. in Leverkusen in 1968. 1In 1972,

he headed the construction and operatlon of a formulation and
packaging company in France. :

ROBERT SHAW, Stauffer Chemical Corporation

Dr. Shaw is a graduate of Ursinus College, Hahnemann Medical Col-
lege, and Johns Hopkins University School of Public Health. He
has been active in occupational medicine since 1972. Upon comple-
tion of his doctoral program at Johns Hopkins in 1974, he served
in the U.S. Navy as Fleet Epidemiologist to the U.S, Pacific Fleet.
He joined sStauffer Chemical in 1978 as its Associate Director of
Occupational Medicine. Dr. Shaw is a member of the Society for
Epldemlologlc Research, the American Thoracic Society, Connecticut
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Occupational -Medicine ‘Association, the American Medical Association,
and he is a Fellow of the American College of Preventive Medicine
and the American Occupational Medical Association.

RICHARD STERN, IERL/EPA ’

Richard Stern is currently Chief of the Chemical Processes Branch
of EPA. In his previous positions with EPA he was involved with
‘flue gas desulfurization and flue gas denitrification. Prior to
EPA he worked with Rockwell International for approximately twelve
vears in technical management and administration of division-level
research and development. Be was:.also Senior Project Engineer on
the Minuteman Project. : x . : :

JAMES R. VACCARO, Dow Chemical Company

Jim Vaccaro received an A.B. in Chemistry from Hope College in 1965.
He has worked for approximately eight years in the Industrial Hy-
giene Laboratory at Dow Chemical Company. He has spent five years
in agriculture-related industrial hygiene activities. His work

has placed heavy emphasis on insecticides, particularly organo-
phosphates., In 1979 he was certified in the comprehensive prac-
tice of Industrial Hygiene.

JOSEPH L. WOLFSBERGER, Monsanto Chemical Corporation

Joseph L. Wolfsberger is a graduate of the University of Missouri
at Columbia, with a Bachelor's degree in Biology and Psychology.
He received his Master's degree from Central Missouri State Uni-
versity with a major in Industrial Hygiene. He has worked as an
environmental sanitarian for the Missouri Division of Health, a
Compliance Officer for OSHA, and has held several hygiene posi-
tions at two large chemical plants within Monsanto. He is a mem=-
ber of the ACGIH, and is currently President of the St. Louis
Chapter of the American Industrial Hygiene Association. Mr.
Wolfsberger has also served as the Secretary-Treasurer and Vice-
Pregsident of the local AIHA section. Mr. Wolfsberger is also a
professor for Central Missouri State University and lectures in
the Industrial Hygiene graduate program. He is certified by the
American Board of Industrial Hygiene.

170



 APPENDIX C

Bibliographv

General Reading

"Control Technology Assessment of the Pesticides Manufacturing and
Formulating Industry" (Draft). U.S. Dept. of Health and Human
Services, National Institute for Occupational Safety and Health,
May 1980.

"Criteria for a Recommended Standard--Occupatlonal Exposure Durlng
the Manufacture and Formulation of Pesticides.” DHEW (NIOSH)
Publication Number 78-174, July 1978. -

"Pollution Control Technology for Pesticide Formulators and
Packagers," by Thomas L. Ferguson. Natural Agricultural Chemical
Association. Prepared for Midwest Research Institute and Environ-
mental Protection Agency, January 197S.

"Agricultural Chemicals and Pesticides-=-A Subfile of the Toxic
Effects of Chemical Substances"” (RETECS). DBEEW (NIOSH) Publica-
tion Number 77-180, 1977.

"Suspected Carcinogens--2nd Edition. A Subfile of the Regisﬁry
of Toxic Effects of Chemical Substances” (RETECS). DHEW (NIOSH)
Publication Number 77-149, 1976. ' -

"Occupational Health Hazards and Their Control in the Manufacture
and Handling of Pesticides in Ontario," by K. Elguindi and G.S.
Rajhans. 8Sixth Intermational Symposium on the Prevention of g
Occupational Risks in the Chemical Industry, Frankfurt am Main,
Germany, June 18-20, 1979. , '

Occupational Health References

Books‘

Berkow, Robert, M.S., Ed. Merck _Manual of Diagnosis and Therapy,
13 Ed. Merck and Co., Rahway, NJ, 1377. _

Brown, M.S., and Meigs, J.S. Occupational Health Nursing, 2nd
Ed. Springer, New York, NY, 1975. \

Dorland's Illustrated Medical Dictionagz, 25th E4d. W.B. Saunders,
Philadelphia, PA, 1974. :

Doull J., Klaassen, C.D., and Amdor, M.0. Cassarett and Doull's
Toxicology, 2nd Ed. Macmillan, New York, NY, 1980.

French, Ruth, Guide to Diagnostic Procedures. McGraw-Hill, Co.
New York, NY, 1975.

171




Proctor, N.H., and Hughes, J.P. Chemical Hazards of the Workplace:
J.B. Lippincott Company, Philadelphia, PA. 1978.

Sny&er, R., et al. Handbook for Emergency Medical Personnel,
McGraw-Hill, New York, NY, 1978,

Standard First Aid and Personal Safety. The American National Red
Cross, Doubleday, Garden City, NY, 1977. '

Zenz, Carl, ed. QOccupational Medicine Principles and Practical

Applications. YearbookAMedzcal Publishers, Chicago, IL, 1975.

Journals _
American Journal of Nursin , Official Journal of American Nurse's
Association Monthly, 555 West 57 Street, New York, NY, 10019.

Journal of Occupational Medicine, 150 North Wacker Drive, Chicago,
IL, 60606.

Occupational Hazardg, 614 Superior Avenue West, Cleveland, CH,
44113,

Occupational Health Nursing, Offical Journal of American
Association of Occupational Health Nurses, Inc. Charles B. Slack,
Inc., 6900 Grove Road, Thorofare, NJ 08086. Monthly, 1953~ .,

Occupational Health and Safety, P.0O. Box 7573, Waco, TX 76710.

Pamphlets and Brochures

"Pocketbook of Medical Tables"™ Smith, Kline & French, 22nd ed.
S.K.&:F. Labs, 1500 Spring Garden Street, Philadelphia, PA.

"TLVs, Threshold Limit Values for Chemical Substances and
Physical Agents in the Workroom Environment" American Conference

of Governmental Industrial Eygienists, P.O. Box 1857, Cincinnati,
OH 45201. Annual.

Respiratory Protection Programs
"Practices for Respiratory Protection," ANSI 288.2, 1980.

"A Guide to Industrial Respiratory Protection,” NIOSH, Publica-
tion Number 76-189.

"Respiratory Protection--An Employer's Manual,"” NIOSH, Publica-
tion Number 18-193A.

"Respiratory Protection--A Guide for the Employee,” NIOSH,
Publication Number 78-193B. .

172



“NIOSH Certified Equlpment List," NIOSH, Publxcatzon Number 79 107 .
(Jnformatlon on resplrators with current NIOSH/MSHA approval).. .

a

Qutside assistance on resp;rator gquestions can be obtained from

1. Respirator maunfacturers
2. NIOSH--Respirator Testlng and Certification Branch,.

Morgantown, WV.
3. Outside consultants certlfled in respiratory protection by

the American Industrial Hygiene Association (475 Wolf
Ledges Parkway, Akron, OH, 44211).

Control of Fugitive Emissions -in the Workplace

"Industrial Ventilation--A Manual of Recdﬁmended Practice," 1lé6th
ed. American Conference of Governmental Industrlal Hygienists,
Lansing, MI, 1980,

Albertson, M.L., Dai, Y.B., Jensen, R.A., and Réuse, H. Proceedings

American Society of Civil Engineers, American Scc;ety of ClVll
Engineers vol. 74, pp. 1571-1596, 1948. .

Craig, Alfred B., Proceedings of Symposium on Fine Particles.

U.S. Environmental Protection Agency, NTI1IS-PB-235-829, page 48,
1974.

Yung, Shui-Chow, Calvert, S., and Drehmel, D.A. Spray Chargiﬁg
and Trapping Scrubber for Fugitive Emission Contrel. U.S. -
EPA-600/9-80-039d4, veol. 4, pp. 217-239, 1980.

Hoenig, Stuart, The Control of Dust Using Charged Water Fogs.
U.S. EPA-600/80-0394, vol. 4, PP. 201-216, 1980.

173







