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PREFACE

The Occupational Safety and Health Act of 1970 emphasizes
the need for standards to protect the health and provide for the
safety of workers occupationally exposed to an ever-increasing
number of potential hazards. The National Institute for
Occurational Safety and Health (NIOSH) has implemented a formal
system of research, with priorities determined on the basis of
specified indices, to provide relevant data from which wvalid
criteria for effective standards can be derived. Recommended
standards for occupational exposure, which are the result of this
work, are based on the effects of exposure on health. The
Secretary of 1labor will weigh these recommendations along with
other considerations, such as feasibility and means of
implementation, in developing regulatory standards.

Successive reports will be presented as research and
epideriologic studies are completed and as sampling and
analytical methods are developed. Criteria and standards will bhe
reviewed periodically to ensure continuing protection of workers.

The contritutions to this document on pesticide
manufacturing and formulating industries by NIOSH staff members,
the review consultants, the reviewer selected by the American
Conference o0f Governmental Industrial Hygienists (ACGIH), other
Federal agencies, and by Robert B. 0'Connor, M.D., NICSH

consultant in occupational medicine, are gratefully acknowledged.
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The views expressed and conclusions reached in this
document, together with the recommendations for a standard, are
those of NIOSH. They are not necessarily those of the
consultants, the reviewer selected by the ACGIH, or other
Federal agencies that evaluated the document. The comments from
the review consultants and other reviewers have been considered
carefully and, together with +the criteria document, have been
sent to +the Occupational Safety and Health Administration for
consideration in setting occupational safety and health
standards. The review consultants, Federal agencies, and
professional society to which this document was submitted are

listed on pages vi, vii, and viii.

M gha&]l Lane, M.D.
Actigfg Director, ¥ational Institute
for Occupational Safety and Health
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I. RECOMMENDATIONS FOR A STANDARD FOR PESTICIDE

MANUFACTURING AND FORMULATING INDUSTRIES

The National Institute for Occupational Safety and Health
(NIOSH) recommends that employee exposure to pesticides in
manufacturing and formulating workplaces be controlled by
adherence to the following sections. The recommended standard is
designed to protect the health and safety of employees 1in
pesticide manufacturing and formulating facilities over their
working lifetime. Compliance with all sections of the
recommendations will establish an increased level of control over
the workplace environment of pesticide manufacturers and
formulators and should thus prevent or greatly reduce adverse
effects of pesticides on the health and safety of employees.
Sufficient technology exists to permit compliance with the
recommended standard. The criteria and standard will be subject
to review and revision, as necessary.

Environmental (workplace air) limits are not included in
the recommended standard. Such values have been promulgated for
many pesticides by The Occupational Safety and Health
Administration (0SHA), and NIOSH has previously recommended such
limits individually for various pesticides (see Appendices III
and Iv)y. NIOSH recommends compliance with promulgated
environmental limits and adoption of new environmental limits in

those cases where the NIOSH recommended environmental limits



differ from those already promulgated. These include the 1limits
recommended for substances such as parathion, methyl parathion,
creosote, ethylene dibromide, and dinitro-o-cresol. In this
docurent, emphasis has been placed on work practices, engineering
controls, and medical surveillance programs to protect workers
from the adverse effects of pesticide exposure in manufacturing
and formulating operations. A number of factors led NIOSH to
this decision. First, workers in pesticide manufacturing and
formulating operations are exposed to a large number of different
chemicals and substances. Sampling and analytical methods to
determine airborne exposure levels for each substance would need
to be highly sophisticated. Second, exposure via other routes,
especially dermal, has proven to be of c¢ritical importance for
many .pesticides. The relationship between dermal exposure
hazards and airborne levels is scientifically tenuous, and
adherence to environmental (workplace air) limits does not always
protect the employee from significant dermal exposure. Third,
NIOSH believes that immediate action is needed to protect workers
in pesticide manufacturing and formulating plants. The time
required to evaluate all the documented toxic effects and to
establish scientifically valid environmental (workplace air)
limits for approximately 1,500 pesticides would be a matter of
years. Consequently, reliance on engineering controls, work
practices, medical examinations, and education of employers and
employees is seen as the first step in attempting to prevent
additional poisoning episodes similar to those involving Kefpone

and leptophos.



Because of the wide range of adverse health effects that
can arise from employee exposure in manufacturing and formulating
facilities, it was determined that a single set of work practices
and ergineering controls would not effectively protect health and
safety and at the sare time avoid placing unnecessary bturdens on
both emplovyees and employers 1in such facilities. Therefore,
various classification schemes wused by organizations in the US
and in other countries were examined for the purpose of grouping
pesticides according to toxicity. A considerable degree of
similarity was found among such schemes.

Given the similarity that exists among the various scheres
exarined and the absence of significant differences in scientific
merit, the system used by the US Environmental Protection Agency
(EPA) was selected as the basis for the approach recommended in
this document.

These criteria for a pesticide standard apply only to
occupations 1in pesticide manufacturing and formulating. This
includes manufacturing, formulating, packaging, mixing, blending,
or repackaging of any pesticide active ingredient. Occupational
exposure is defined as contact with any pesticide or other
chemical during the manufacture and formulation of pesticides.
"Pesticide"™ 1s wused herein as the generic term meaning any
substance or mixture of substances intended for those uses
described by definition in the Pederal Environmental Pesticide
Control Act (FEPCA): preventing, destroying, repelling, or
mitigating any pest and regulating, defoliating, or desiccating

any plant (40 CFR 162). All pesticide active ingredients



registered with the EPA are covered by this recommended standard.
Other chemicals to which workers are potentially exposed in
pesticide manufacturing and formulating operations (such as
interrediates, impurities, diluents, emulsifiers, carriers,
inerts, and propellants) are also covered by the provisions
contained herein, as well as by provisions in any separate
standards applicable for such chemicals, eg, xylene. In the case
of conflicts between this recommended standard and any existing
standard, NIOSH recommends that the more stringent standard
apply.

The standard was not designed for the population-at-large,
or for wusers of pesticides who are already requlated by other
agencies such as the US Department of Transportation (DOT), EPA,
and the Food and Drug Administration (FDA). Application of this
recomrended standard to situations other +than the occupational
settings specified above is not warranted.

Each section of the recommended standard contains three
sets of requirements that pertain to the three groups of
pesticides listed in Appendix'I. Pesticides in Group III are the
least toxic and therefore require the least stringent level of
control. Group IT pesticides produce acute effects at lower dose
levels than Group III pesticides; controls for Group II include
all of the Group IITI controls with some additional, more
stringent requirements. Pesticides in Group I produce acute
effects at extremely 1low-dose levels or serious irreversitle
effects; therefore, pesticides in Group I require those controls

for Groups III and II and additional requirements where noted.



Classification by acute toxicity 1is based on oral and dermal
LD52's and inhalational 1LC50's in mammals, and includes both
systemic and local effects. Certain pesticides have been
classified based on irreversible effects, including proktable and
potential carcinogenicity, and potential teratogenicity,
mutagenicity, mneurotoxicity, and reproductive effects, as
demonstrated in animal test systems and human epidemiologic
studies. Insecticides which inhibit cholinesterase (ChE)
activity are also noted. Numeric definitions of the three
pesticide groups are presented in Table VI-1. By necessity, orly
selected portions of the published literature on chronic adverse
health effects of this extremely 1large and diverse groug of
chemicals were reviewed and evaluated in this document. As new
data regarding toxicity and potential hazards are developed and
evaluated, it is highly probable that pesticide classifications
will change over time.

It should be emphasized that pesticides are an extremely
diverse group of substances. There is a potential for a wide
variety of toxic effects throughout the dgroup. For many
pesticides, the possibility of dermal exposure and subsequent
absorption presents a greater problem to workers than does
exposure through inhalation. 1In additjion, many establishments Ly
their nature manufacture or formulate a vast number of pesticides
with varying toxicities; the possible synergisms of these
combinations of substances are unknown., Consequently, there is a
need for constant surveillance and monitoring and thorcugh

recordkeeping to make sure that employees are following proper



procedures so that their health is not compromised.

Secticn 1 -~ Medical

GROUPS 111, II, AND I

(a) Preplacement or initial medical examinations shall
be made available as described below for all employees subject tc
exposure to pesticides:

(1) Comprehensive medical and work histories with
emphasis directed toward the hepatic, renal, and central nervous
systems and toward evidence of glaucoma, cardiovascular, or
respiratory disease. The use of drugs or any illnesses resulting
from past exposures to pesticides should also be noted.

(2) Comprehensive physical examination giving
particular attention to the eyes, liver, kidneys, lungs, and the
central and peripheral nervous systems.

(3) After a review of the type and amount of
exposure, clinical tests such as pulmonary function, chest X-ray,
liver enzyme determinations, and urinalysis may be carried out at
the discretion of the responsible physician.

(4) A judgment of the worker's ability to use
negative and positive pressure respirators.

(5) Red blood cell (RBC) ChE activity shall be
measured for determination of a preexposure Ltaseline if the
employee will potentially be exposed, or for determination of a
wvorking Dbaseline if the employee has previously been and will
continue to be exposed to those pesticides indicated as ChE

inhititors in Appendix I.



"Preexposure baseline" for RBC ChE is defined as the mean
of two ChE activity determinations, each of which is derived fronm
a separate sample of blood taken at least 1 day apart after a
pericd of at least 60 days without known exposure to any
ChE-inhibiting compounds. If +he determinations produce values
differing by more than 15%, additional determinations on new
samples must be performed until successive tests do not differ by
more than 15%.

"Yorking baseline" for ChE is defined as the mean of two
ChE activity determinations, each of which is derived from a
separate sample of blood taken at least 1 day apart and differirg
by no more than 15%, or the arithmetic mean of normal values for
an arpropriate control population of adults for that laboratory,
whichever is higher. A "working baseline" is determined only for
an individual whose work history does not permit a preexposure
baseline to be determined as specified in this section.

"Mean of normal values" is defined as the arithmetic mean
of ChE activities for healthy adults as determined by the
laboratory's experience with repea*ed analyses, but which is not
inconsistent with the mean baseline activities presented in
Appendix II. Working, or preexposure, baseline RBC ChE
activities shall be determined within 67 days of promulgation of
a standard based on this recommendation.

(b) Periodic examinations shall be made available on at
least an annual basis and shall include at least:

(1N Interim medical and work histories.

{2) Physical examination as outlined in (a) {2)



and (3), above.

(c) Periodic measurement of RBC ChE activity shall be
made available for workers exposed to organophosphorus (CF)
insecticides as follows:

(1) Subsequent to the determination of a
preexposure or working baseline, each employee occupationally
exposed to OP insecticides, indicated in Appendix I as being ChE
inhikitors, shall have his ChF activity determined at 1-week
intervals. These intervals may be initially reduced to testing
as frequently as every day, or may be increased after three
weekly determinations to testing as frequently as every 8 weeks,
based on the decision of the responsible physician after
consideration of the following for each employee:

(A) The toxicity of the pesticides to
which the employee may be exposed.
(B) The potential duration and

concentration of the pesticide exposure.

(C) The state of health of the employee.
(D) The results of previous ChE
deterrinations.
(2) Unacceptable exposure to OP insecticides

indicated in Appendix I as ChE inhibitors is demonstrated when
the activity of BRBC ChE is decreased to below 70% of baseline.
The employee shall be advised of such a finding, and an
industrial hygiene survey shall be conducted in the workplace of
the affected employee unless the cause of the exposure 1is known

and corrective action has been 1initiated. This survey shall



include an assessment of the dermal exposure potential. Based on
the results of this survey, necessary corrective action shall be
accorplished.

In addition, an employee whose RBC ChE activity is
decreased +o below 67% of the employee'’s baseline level shall be
removed from potential exposure and placed under medical
observation.

(3) An employee who has been removed frorm
pesticide exposure shall not be allowed to return to work
involving occupational pesticide exposure until his RBC ChE
activity has returned to at least 75% of the working or
preexrposure baseline values or unless the responsible physician
has approved his return.

(4) Each employee shall be given a copy of the
results of his initial and periodic tests, and of any special ChE
test results as soon as possible after the test, and an
interpretation thereof.

{5) Procedures for «collection and analysis of
blood samples €for ChE activity determinations shall be as
provided in Appendix II or by any method shown to be at least
equivalent in accuracy, precision, and sensitivity to that
specified.

(d) Emergency first-aid services shall be established,
under the direction of the responsible physician, to provide care
to any worker acutely intoxicated by pesticides.

(e) Appropriate medical services and surveillance shall

be rrovided to any worker with adverse health effects reasonatbly



assumed or shown to be due to occupational exposure to
pesticides.

(£) During examinations, applicants or employees fourd
to have medical conditions such as skin disease, chronic lung
disease, glaucoma, or atnormalities of the central or peripheral
nervous systems that could be directly or indirectly aggravated
by exposure to pesticides shall be counseled as to the possible
increased risk of impairment of their health from working with
the substances. Employees should be further counseled about
reproductive effects that have been noted in male workers and in
laboratory animals involving certain pesticides. The
significance to humans of the effects in lahoratory animals are
not fully known, but they do indicate that exposure should be
minirized, particularly in women of <child-bearing age. In
addition, residues of some organochlorine (0C) and carbarate
pesticides have been found in human breast milk. Therefore,
women who may bear or nurse children should avoid any contact
with these materials.

(9) A complete examination 1including all aspects of
paragraph (a) shall be offered to all employees within 1 month
after employment ends.

(h) The employer shall provide the consulting physician

for each pesticide operation with information on the following

items:
(1) Plant layout and operations.
(2) Hazardous substances used by workers.
(3) Physical, chemical, and toxicologic

10



properties of hazardous substances used by workers.

(4) Symptoms of intoxication by hazardous
substances.

(5) Treatment for accidental exposures to

hazardous substances.

Secticn 2 - Labeling and Posting
GROUP IIT
(a) All containers of pesticides to be wused within

pesticide manufacturing or formulating facilities shall tLe

labeled.
{1 Labels shall include the following

information:

(3) Contents, by chemical and corron
names.

(B) Fire hazard.

{C) Toxicity hazard.

(D) Storage and handling precautions.

(E) First aid for inhalation, ingestion,

and contact with skin or eyes.
(2) The information shall be arranged as in the

following example:

11



PESTICIDE X

Chemical Name

MAY BE FATAL IF INHALED, ABSORBED THROUGH SKIN,

OR INGESTED. FEXPLOSION MAY RESULT FROM HEAT OR SHCCK.
Store in cool place.
Erotect from sunlight.
Avoid contact with skin and eyes.
Use only with adequate ventilation.
First Aid: 1In case of eye or skin contact wash immediately.
If clothes hecome contaminated, remove at once, wash body
with soap and water, and call physician without delay.
Festicide X is a ChE inhibitor.

(b) All entrances +to areas where pesticides are
manufactured, formulated, repackaged, stored, or otherwise
handled shall be posted with signs specifying:

(1) Special clothing and personal protective
equipment necessary for entry.

{c) A1l emergency-use persoral protective clothing ard
equipment shall be clearly labeled as to limitations in its use.

(4) All warning signs shall be printed both in English
and in the predominant language of non-English-reading workers.
Workers unable to read labels and signs provided shall receive
information regarding hazardous areas and shall te informed of
the instructions printed on labels and signs.

GROUP TII

Group III labeling and Posting requirements apply, with the

following additions:

(b) (2) Hazardous materials which may be encountered.

12



(b) (3) Restrictions on personnel who may enter and on
activities (such as eating) which may be performed therein.

(e) All pesticide-processing equipment and pipes shall
be properly identified by such means as labeling or color coding
to indicate that pesticides are contained therein.

(£) 211 nondisposatble routinely used persoral protective
equirment shall be labeled as to assignee.

{(9) All working areas, lavatories, toilet rooms, shower
rooms, locker rooms, eating areas, and smoking areas shall te
posted to remind employees of applicable parts of Section 6.

GROUP T

Group II labeling and Posting requirements apply with the
following additions and changes:

(a) (1) (C) Toxicity hazard, including an indication of any
protatle or suspect carcinogenic, mutagenic, teratogenic,
neurotoxic, or reproductive health effect.

{b) (4) A warning that the area is restricted.

(e) All pesticide-processing equipment shall be lalteled
by cclor code or other means to identify hazardous contents and

any €xtremes in temperature or pressure.

Section 3 - Personal Protective Clothing and Egquipment
(a) Work Clothing
GROUP III

Employers shall provide a means for storing contaminated
work clothing in a location separate from street clothing to

prevent contamination of street clothing.

13



GROUPS II AND I
(1) All employees working in potential exposure

areas shall be required to wear the following set of work

clothing:

(a) Washable socks and underwear.

(B) Washable or disposable coveralls or
pants and long-sleeved shirts, aprons, or other special
outerwear.

(C) Washable work footwear or disposatle
footwear covers.

(D) Yashable <cap, 1f a hard hat is rot
reguired.

(2) Erployees shall be required to wear a clean

set of work clothing each day. A complete second set of clearn
work clothing shall be provided and used to replace any that
becomes obviously contaminated during the workshift.

(3) Employers shall provide a means for storing
contaminated work clothing from +the time it 1is removed by

emplcocyees until its disposal or laundering. Such means shall:

(3) Clearly identify the nature of

contarination.
(B) Prevent the contamination from being

disserinated.
(4) Employers shall also provide a means for the

disvosal or laundering of all contaminated garments. All persons
engaged in laundering such garments shall be instructed as to the

pesticide hazard. For garments worn while handling carbamates or

14



OP's, laundering shall include presoaking in an alkaline solution
(preferably of pH 10 or greater), washing, and subsequent
rinsing. Garments laundered by other than the employer shall te

reused only by the employer.

(b) Personal Protective Equipment
GROUP III
(" Employees who may be exposed to pesticides in

a dust or powdered form shall wear, in addition to their set of
work clothing:

(d) #ashable gloves.

(2) Employees who may be exposed to pesticides in
a liquid or in a wet or hygroscopic solid form shall wear, in
addition to their set of work clothing, the following:

(a) Chemical goggles, and where chemical
burns are a hazard, a face shield.

(B) Gloves made of minimally permealle
material.

() Footwear or footwear covers made of
minirally permeable material.

(D) An apron or similar body covering made
of minimally permeable material +to prevent contamination of
clothing.

(E) A type of hat whose configquration
prevents spilled liquids from dripping on the neck or into the
face of the wearer.

(3) All personal protective equipment shall be

15



inspected at 1least quarterly by the employer +to check for
contamination, deterioration, or loss of function and shall be
replaced if necessary.

GROUP II

Group IIT requirements for Personal Protective ’Equipnent
apply with the following additions and change:

(3) Inspection frequency shall be at least
monthly.

(4) Personal protective equipment shall be
cleaned or replaced each time it is used. Extra issues of clean
protective equipment shall be provided and used to replace any
which becomes obviously contaminated during the workshift.

(5) Employers shall make appropriate provisions
for the washing of personal protective equipment, including:

() Sink with running water.
(B) Decontamination solution to remove or
neutralize pesticides.
(C) Disinfectant or sanitizing rinse.
(D) Drying rack or disposable towels.
GROUP 1
Group II requirements for Personal Protective ZEquipment
apply with the following changes:

(3) Inspection frequency shall be at least
weekly.

{5) Employers shall be responsible for
decontamination, sterilization, and maintenance of protective

equipment.

16



(c) Respiratory Protection
GROUPS IIJT AND II

(1) Protection of employees from exposure to
airbcrne pesticides may not be achieved by the use of respiratcrs
except:

(3) During the development, installatiorn,
testing, maintenance, or repair of required engineering controls.

(B) For conducting operations such as
maintenance, repair, or cleanup of spills.

(C) During emergencies.

(2) Employers shall use the survey data required
in Section 8({(a) (1) to Adetermine which locations and employees
shall be provided with emergency-use respirators.

(3) Respirators shall be those approved by NICSH
and the Mine Safety and Health Administration (MSHA) as specified
under 30 CFR 11.

(4) Employers shall prepare written procedures
for use of respirators. The procedures for each type of
respirator shall include, but not he limited to, the following:

(a) By whom and where the respirator is to
be wcrn.

(B) Limits as to ma terials and
concentrations against which the respirator affords protection.

(C) Manner in which the respirator is to
be put on, worn, and taken off.

(D) Frequency of servicing, disinfecting,

17



cleaning, inspecting, and replacing parts of the respirator.

(E) Manner and 1location of respirator
storage.

(5) Employers shall maintain a written log for
all nondisposable respirators which includes:

(R) Date of purchase; shelf-1life
information.

(B) Dates of issue, Wwearing and servicing,
and suitable identification of persons responsible for these
actions.

(C) Dates and <conditions o0f tests and
inspections.

(6) Employers shall supervise the respiratcry
protective program according to the following schedule:

(1) Observe at least monthly each employee
wearing a non-emergency-use respirator while he 1is perforrirg
work tasks.

(B) Inspect each non-emergency-use
respirator at least monthly.

(C) Inspect and test each emergency-use
respirator at least monthly and after each use.

(D) Conduct a practice drill at least
quarterly with each employee who would wear emergency-use
respirators.

GROUP T
Grecup IT requirements for Respiratory Protection apply with

the following additions and changes:

18



(6) (A) and (6) (B) Inspection frequencies shall be at
least weekly.

(7) Except for emergency-escape-use respirators,
all respirators shall be a full-face, air-supplied or
self-contained type, unless respirators of other types are
certified under 30 CFR 11.

(8) Quantitative fit tests shall be administered

to all employees who may be required *to wear respirators.

Section 4 - Informing Employvees of Hazards from Pesticides

GROUPS III AND II
(a) Before employees are exposed to any pesticide,
pesticide formulation, inert, or raw material, +they shall be
fully apprised of the following:
(1) Identification by name, characteristics

(smell, appearance, etc), and physical properties.

(2) Hazards of toxicity.
(3) Signs and symptoms of overexposure.
(4) Fire and explosion hazards.
{(5) Precautions for safe handling.
(%) Emergency first—-aid treatment for
overexposure.
(7) Plant layout and emergency escape routes.
(b) Employees shall be trained in the use, 1limits of

use, storage, and maintenance of all personal protective clothing
and equipment which they may use.

(c) Employees shall be trained to recognize and control

19



the hazards arising from materials handling, housekeeping, waste

disposal, and maintenance.

(d) Employees shall be trained in all emergency
procedures.
(e) Employees shall be trained in the reasons for, and

the practice of, personal hygiene.

(£) All training shall be conducted on a preassignment
basis. Retraining shall be conducted semiannually or whenever
necessitated by changes in equipment, processes, materials, or
employee work assignments.

(9) A Material Safety Data Sheet, shown in Appendix V,
or a similar form approved by OSHA shall be prepared for each
pesticide or other chemical used or stored in the plant. A copy
of each sheet shall be posted in a conspicuous place accessitle
to all employees.

GRCU?P I

Grcup II requirements for Informing Employees of Hazards
from Pesticides apply, with the following change and addition:

(a) (8) A thorough explanation of all probable or suspect
carcinogenic, neurotoxic, teratogenic, or reproductive health
effects attributable to the pesticides to which workers may be
exposed.

(h) A Material Safety Data Sheet shall be posted at all

entrances for each Group I pesticide found in that area.
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Section 5 - Work Practices

(a) Materials Handling
GRCOP III
(M General. No employee shall be permitted to

routirely handle any pesticide with bare skin. Pesticides shall
be hardled in such a ranner as to minimize their dissemination.

| (2) Containers. All pesticides shall be handled
in conformance with the labels on the containers as required in
Secticn 2(a) (4). Any employee engaged in rmoving, filling, or
emptying containers of pesticides shall wear the protective
clothing and equipment as specified 1in Section 3. Emptied
containers of pesticides shall be assumed to contain a residue of
the raterial until decontaminated.

(3) Storaqge. Pesticides shall be stored in
containers constructed and arranged so as *o minimize leakage.
Pesticide storage areas shall be so designated and separated fror
other plant areas. Such areas and containers therein shall be
inspected at least quarterly to ensure that their integrity is
not ccmpromised. No person shall be permitted ¢to eat, drink,
smoke, or sleep in pesticide storage areas. Storage areas shall
not be directly connected to adjacent work areas by heatirng
ducts, ventilation ducts, doors, or windows.

GROUP II
Group III requirements for Materials Handling apply with
the fcllowing change:

(3) Inspection frequency shall be at least

monthly.
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GROUP I
Group II requirements for Materials Handling apply with the
following changes and addition:
(n No employee shall be permitted to handle any
pesticide with bare skin.
(3) Inspection frequency shall be at least
weekly.
(4) Storage areas shall be of sound construction

with restricted access.

(b) Housekeeping
GRCUPS III AND II

(M Areas where pesticides are manufactured,
formulated, repackaged, stored, or otherwise handled shall be
inspected at least daily for pesticide residues. Any equipment
with pesticide 1leaks or residues shall be inspected for any
indications of malfunction or structural damage, and such faults
shall be promptly corrected.

(2) A pesticide that 1is spilled, leaked, or
otherwise released shall be cleaned up or contained immediately.
Fallout, condensates, and all other accumulations from airborne
pesticide emissions shall be cleaned from employee work surfaces
(such as handrails and workbenches) at least daily, and from all
workroom surfaces (including walls, ceilings, and floors) at
least monthly.

(3) Pesticides and pesticide-contaminated

residuves shall be flushed to a collecting sump, vacuumed,
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absorted by cleaning materials, or collected by other
nondispersive means.
GRCUP I
Group II requirements for Housekeeping apply with the
following change:
(2) Workroom surfaces shall be cleaned at least

weekly.

(c) Waste Disposal
GROUPS TIT AND II
(1) No disposal method shall be used which
contravenes local, state, or Federal regulations.

’
(2) Pesticide-contaminated solids and liguids

shall be decontaminated before disposal unless other approved
disposal methods are used.

(3) Pesticide-contaminated waste gases shall be
treated before release to the ou*tside atmosphere to prevent
return of pesticides into work atmospheres.

(8) Pesticide cohtainers shall retain their
varning labels until such time as they are decontaminated.

(5) Pesticide catch basins, drip pans, and other
open collectors <chall be checked regularly and emptied when
necessary to prevent their acting as a secondary source of
pesticide exposure.

GROUP I

Groups IITI and II requirements for Waste Disposal aprply

with the following change:
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Delete (5). (Open containers should not be used to collect

pesticide leakage. See Section 7, Part G.)

(d) Maintenance
GROUP IIX
(1) Employers shall institute a program of

preverntive maintenance which includes:

(3) Inspections, conducted at least
quarterly, of all pesticide-processing equipment whose failure
would subject employees to ©pesticide exposure. Lubrication,
repair, or replacement of the equipment shall be performed
whenever indicated by such inspections.

(B) Inspections, conducted at least
gquarterly, of ventilation systems and pesticide collection
systers to ensure their maximum effectiveness.

{2) No pesticide-processing equipment shall te
disassembled, opened, or otherwise modified or repaired in a
manner which could expose any employee to the contents until the
following precautions have been taken:

(3) The equipment shall be disconnected
from sources of mechanical and/or electrical power and from flow
of materials. Such cutoff shall be secured and posted.

(B) Any part of the equipment contaminated
by pesticides shall be decontaminated, flushed, or purged prior
to modification or repair.

(C) Employees performing modificatiors,

repair, or maintenance shall wear appropriate personal protective
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clothing and equiprent.

(3) All newly installed, repaired, replaced, or
reassembled pesticide-handling equipment shall be tested for
leaks and mechanical function before being returned to general
use.

(4) No employee shall be allowed to enter a
vessel or confined space without first obtaining a permit signed
by the supervisor.

(5) The supervisor shall not sign an entry perrit
until the following have been completed:

(3) The flow of material to the space has
been cut off, +the <cut-off valve secured by the lock of each
worker to enter the confined space, and the area posted.

(B) The area has beer thoroughly flushed,
ventilated, and tested for the concentration of oxygen.

(6) The employee entering the space shall use
appropriate personal protective equipment and shall also wear a
lifeline.

(7) During the time period that an employee 1is
working within a confined space, visual and voice contact shall
be maintained with a second person outside the space. That
second person shall also be equipped with a 1lifeline and
appropriate personal protective equipment and shall be in contact
with a third person.

GROUP II
Group III requirements for Maintenance apply, with the

following addition and changes:
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(1) (a) and (1) (B) Inspection fregquencies shall be at
least monthly.

(1) (C) Keeping written records of maintenance,
repair, and replacement histories of process equipment as long as
the equipment is on the plant site. The records shall be used to
deterrine a schedule of servicing and component replacement that
is frequent enough to avoid equipment failures.

GRCUP I
Group II regquirements for Maintenance apply with the
following changes and addition:

(1) () and (1) (B) Inspection freguency shall be at
least weekly.

(2) (D) Local lubrication and other minor
maintenance procedures performed on c¢losed systems shall be
carried out only when appropriate employee protection is

provided.

(e) Emergency Procedures
GROUPS TIII AND II
(1) First Aaid. Emergency first-aid services
shall be established to provide care to any worker manifesting
effects of pesticide exposure. Whenever possible, first-aid
services shall be delivered by persons trained in emergency
medical services. PRecords of such services shall be included in
the employee's medical history and other plant medical records.

These services shall include but not be limited to:

(d) Deluge showers and eyewash fountains
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withir close ©proximity to all locations where exposure to
pesticides may occur including, but not limited to, packaging,
unpackaging, maintenance, loading and unloading areas, and
sampling ports. These facilities shall be checked periodically
to make certain they are operatirg prcperly and have not Eeen
contaminated. All runoff from use of showers and eyewash
fountains shall drain to a sump for decontamination. Pathways
leading to showers and eyewash fountains shall be kept free of
all otstacles.

{B) Provisions for emergency
transportation to health care facilities.

(C) Oxygen and resuscitation equipment.

(2) Provisions for medical treatment of
overexposure to pesticides shall be made, includinrng appropriate
arrangements with a local physician, clinic, or hospital.

(3) Leaks and spills

(4) Materials for absorption or hoses with
running water shall be available so that spilled or leaked
pesticides may be removed from work areas for decontamination,
disposal, or reuse.

{B) Emergency-escape personal protective
equiprent shall be readily available to employees working in
areas where leaks or spills may occur. |

(C) Employers shall provide for the
warning and evacuation of employees in the <case of leaking
gasecus pesticides.

(4) Fire and Explosion
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() A system for informing employees and
notifying fire-fighting personnel in case of fire shall be
installed.‘

(B) Personal protective eguipment ard
first-aid supplies shall be available in the plant for dealing
with exposure to the rmaterials formed by combustion and pyrolysis
of pesticides.

(C) Fire-fighting personnel shall te
provided with a map and data reflecting all information obtaired

by the erployer in Section 8 (a)- Monitoring.

(L) Drills shall be caonducted to
thoroughly familiarize employees with escape, rescue,
fire-fighting, and rower- and materials-shutoff rfprocedures in
case cf fire.

(5) All procedures in Section 5(e) - Emergency

Procedures shall be incorporated in a written emergency action
plan.

GROUP I

Group IT requirements for Emergency Procedures apply with
the fcllcwing changes:

(3) (B) Emergency-escape personal protective
equipnment shall be carried by employees or shall be immediately
at hand for employees vworking in areas where leaks or spills may
occur. Emergency rescue equipment shall be available Jjust
outside such areas.

(3) (C) Employers shall provide a warning

syster for informing employees of leaking pesticide gases or
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vapors. Such a system may include continuous monitors connected
to audible alarms, pressure-loss sensors coupled with visual
indicators, etc. The system must be capable of warning all
potertially exposed employees before a hazardous concentration is

reached. Warning systems shall be tested at least monthly.

Section 6 - Sanitation and Personal Hygiene

GROUP III

(a) Fating and food preparation or dispensing (includirg
vending machines) shall be prohibited where there is occupaticnal
exposure to pesticides.

{b) Smoking shall be prohibited in areas where
pesticides are present.

(c) Employees who handle pesticides or equiprent
contarinated with pesticides shall be instructed to wash their
face, hands, and forearms with soap or mild detergent and water
hefore eating, drinking, smoking, or using toilet facilities.

(d) To prevent skin absorption of pesticides, employers
shall instruct employees not to use solvents to clean their hands
or other exposed areas of the body.

{e) The employer shall ¢gprovide <clean <change rooms
equirped with storage facilities for street clothes and separate
storage facilities for protective clothing and equipment whenever
employees are required to wear protective clothing and equipment
in accordance with Section 3.

GROUPS II and I

Group IITI Requirements for Sanitation and Personal Hygiene
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apply, with the following change and additions:

(e) Employees occupationally exposed to pesticides shall
not wear work clothing away from their place of employment.

(£) Facilities for shower kaths shall be provided for
employees occupationally exposed to pesticides. Workers should
shower refore changing into street clothes.

(g) Employers shall instruct employees exposed to
pesticides to wear <clean work <clothing daily, and cleanirg
establishments shall be informed as to the hazards of handling
pesticides and proper disposal procedures for
pesticide-contaminated wastewvater,

{h) A separate walled change area for removal and
storage or disposal of contaminated clothing with exit to showver
shall be provided.

(1) Showers with potable warm running water shall be
provided. The exit from showers shall open into a clean change

area free from pesticide contamination.

Secticn 7 - Engineering Controls

GEFEOUPS III AND II

Bmployee exposure to pesticides, intermediates, and
solvents shall be minimized through the use of engineering
contrels and work practices.

{a) Engineering controls shall be used to seal or
isolate process equipment in order to minimize the escape of
pesticides into the workplace. In the <case of 1isolaticn,

appropriate ventilation shall be used to prevent the accumulation
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of pesticide emissions.

{b) Local exhaust ventilation shall be used +to control
airborne process emissions which are not amenable to control by
sealing or isolation. These ventilation systems shall be vented
to appropriate air cleaning devices.

(c) Appropriate measures shall be implemented 1in order
to prevent any leakage of liquid process streams from spreading
intc the workplace. These measures may include the use of
physical barriers such as containment dikes or splash shields in
addition to specified work practice cleanup and decontamination
procedures.

{(d) Threaded pipe connections shall not be used for
pesticide-contaminated streams.

GRCUP I

Group II requirements for engineering controls apply, with
the following additions:

(e) Process leaks shall be minimized through the
selection of hardware which presents a minimum potential for
leakage consistent with the required process performance. Types
of hardware may include internally pressurized double mechanical
seals, "canned" pumps, welded pipe connections, or
pressure-tested piping and vessels (at least 2.5 times maximum
working pressure). Emissions from all potential process leak
points shall be controlled, including but not limited to:

(1) Seals on pumps, Vessel agitator shafts, mixer
drive\shafts, compressors and other similar pieces of equipment.

(2) Valves, including process control valves.
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(3) Flanges, gaskets, and other such connections.
(&) Process piping and reactor manways.

(£) Where possible, process and piping systems shall bDe
designed such that anticipated equipment failure or operator
errors will not result in workplace emissions of pesticides. For
example, pressure relief valves on positive displacement purps
may be piped to release to +he pump intake. Automatic process
contrcl valves may be installed so that failure would occur in a
fail-safe (non-emission) position. Automatic cutoff valves
actuated by 1level indicators on receiving vessels may be
installed on process pumps.

{(9) In the case of process leak points which cannot te
elimirated using the procedures outlined in (e) and (f) above,
controls shall be implemented so that leaks can be detected and
controlled immediately in order to minimize occupational
exposure. These controls may include a series of flexible local
exhaust takeoffs to be ‘used on an "as needed" basis, warning
devices to detect loss of pressure in the internal pressurizirg
fluid of double mechanical seals, or similar controls.

{h) Ventilation ductwork and pneumatic transfer systems
for pesticides shall be under negative pressure during operation.
Exhaust air from ventilation or pneumatic transfer systems shall
not be recycled to the workplace, either intentionally or through
inadvertent positioning of air intakes in relation to exhaust
vents.

(1) Chemical sewers or sumps shall be kept sealed or

shall be egquipped with appropriate one-way flow devices to
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prevent the evaporation of pesticide vapors into the workplace.

Section 8 - Monitoring and Recordkeeping

{a) Monitoring
GROUPS ITXII, II, AND I
(1) Employers shall conduct a survey of the plant
to determine:

(a) The names and approximate gquantities
of all pesticides used or stored in the plant.

(B) Places where pesticides might escape
from containers or equipment and the expected distribution of
pesticide contamination in the event of such escape.

(C) All locations and operations in which
employees may be exposed to pesticides and the nature of their
potential exposure. Airborne concentrations of pesticides to
which workers are exposed shall be measured.

(D) The mo@&ment and location of
pesticides in plant processes and storage.

(2) The survey shall be repeated at least

annually.

(b) Recordkeeping
GROUPS III, II, AND I

(N The following records shall be maintained by

the employer for at least 39 years after termination of
employment of the employee:

(1) Survey data from Section (a) -
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Monitoring.

(B) Medical examinations.
(C) Emergency treatment.
(D) Documentation of overexposure of any

employee to pesticides or any other chemical in the workplace.

{(2) All records shall be stored and accessible in
a manner that permits comparison between medical records ard
exposure data.

{3) Medical records shall be made available to
desigrated medical representatives of the Secretary of Lator, of
the Secretary of Health, Education, and Welfare, and of the

employee or former employee.
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II. INTRODUCTION

This report presents the criteria and the recommended
standard based thereon which were developed to protect employees
engaged in pesticide manufacturing and formulating operations
against occupational illnesses. The criteria and the resulting
standard have been designed to afford improved worker protection
fror exposures t¢ pesticide active 1ingredients and to other
substances used in manufacturing and formulating processes, such
as raw materials, intermediates, inerts, and solvents. The
criteria document fulfills the responsibility of the Secretary of
Health, Education, and Welfare, under Section 22(c) (1) of the
Occupational Safety and Health Act of 1970, to "...develop and
establish recommended occupational safety and health
standards..."

NIOSH, after a review of data and consultation with
others, formalized a system for the development of criteria upon
which standards can be established to protect the health and to
provide for the safety of workers exposed to hazardous chemical
and physical agents. These criteria and the recommended standard
for cccupational exposure to pesticides during their manufacture
and formulation are part of a continuing series being developed
by NICSH. The methodology of this study consisted of developing,

evaluating, and recording information from 1literature searches,
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from visits to pesticide manufacturing and formulating plants,
and from consultations with external sources including other
Federal agencies, professional occupational health societies, and
an advisory group. The advisory group consisted of knowledgeakle
individuals from industry, labor, government, and academia.
These sources assisted NIOSH by identifying additional
information for consideration and by reviewing the adeguacy and
soundness of the critique of existing scientific information and
the feasibility of the recommended standard based thereon. A
draft of the criteria document was reviewed in March 1978 by the
adviscry group.

The recommended standard is intended to protect against

development of systemic and local adverse health effects, and to

be attainable with existing technology and techniques. Emphasis
has been placed on effective work practices, engineering
contrcls, employee training, and medical surveillance.

Perrissible exposure 1limits have not been developed in this
document; however, NIOSH recommends compliance with promulgated
Federal occupational exposure 1limits (see Appendix III) ard
adoption of new environmental limits in those cases where the
NIOSH recommended 1imit differs from those already promulgated.
These include the environmental limits recommended for substances
such as parathion, methyl parathion, creosote, ethylene
dibroride, and dinitro-o-cresol (see Appendix 1IV).

The standard is not intended to inhibit flexibility in the
way a task is performed or to restrict the development of safer

techniques. Instead, any criteria and recommended standard
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should encourage management and labor to develop safer equipment,
more effective work practices and engineering controls, and rore
approrriate training programs that will result in more healthful
work environments. Simply complying with the recommended
standard should not be the final goal.

The criteria and recommended standard were developed from
an overall process point of view and are designed to protect
employees from exposure to pesticides and other substances used
in the manufacture and formulation of pesticides. The document
specifies proper wecrk practices as a means of minimizing the risk
of adverse health effects and identifies appropriate biologic
monitoring and medical surveillance programs for employees who
work with pesticides during their manufacture and formulation.
The recommended standard indicates the importance of providing a
clean workplace and of apprising all employees of the hazards of
pesticides and of the need to utilize proper work practices.
Within each of the eight sections of the recommended standard,
requirements vary according to the pesticides to which they
apply: (1) the most strigent work practices and engineering
controls are specified .for Group I pesticides, which pose a
significant risk of adverse acute health effects at low
concentrations, or risk of carcinogenic, teratogenic, neurotoxic,
or reproductive effects; (2) less s*ringent reguirements apply to
Group IT pesticides which pose adverse acute health risks at
moderate doses; and (3) the least stringent practices and
controls are specified for Group III pesticides, which, based on

present data, pose minimal risk of adverse acute effects even at
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relatively high-~dose levels. The basis for establishing these
three groups and for assigning pesticides to each is contained in
Chapter VI, along with a discussion of the rationale for
selecting specific work ©practices and control requirements for
each group.

These criteria for a pesticide standard apply only to
occupations in pesticide manufacturing and formulating. This
includes manufacturing, formulating, packaging, mixing, blending,
or repackaging of any pesticide active ingredient. Application
of this recommended standard to situations other than the
occupational settings specified above is not warranted.

The development of the recommended standard for the
manufacture and formulation of pesticides has revealed that
additional research 1is needed in the following areas: (1)
studies to determine whether particular pesticidal chemicals have
carcinogenic, teratogenic, mutagenic, neurotoxic, behavioral, or
other dealyed toxic effects, (2) effective decontamination‘of
work clothing, (3) more effective engineering controls to limit
pesticide emissions and exposures in manufacturing and
formulating processes, and (4) more effective personal protective
equiprent and clothing for pesticide workers. A more complete
discussion of these and other research areas is presented in

Chapter VII.
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III. HEALTH HAZARDS FROM EXPOSURE IN PESTICIDE

MANUFACTURE AND FCRMULATICN

As defined by the Federal Environmental Pesticide Control
Act (FEPCA), a pesticide 1is (1) "any substance or mixture of
substances intended for preventing, destroying, repelling or
mitigating any pest (insect, nematode, fungus, weed, other forrms
of terrestial or aquatic plant or animal 1life or viruses,
bacteria, or other microorganisms, except microorganisms on or in
man or other 1living animals) which +the Administrator (EPA)
declares to be a pest, and (2) any substance or mixture of
substances intended for wuse as a plant requlator, defoliant or
dessicant™ (40 CFR 162). There are approximately 1,500 acgive

ingredients in common use and registered by EPA (Federal Register

41:7218-7375, February 17, 1976). There are also numerous other
pesticide active ingredients for which tolerance levels on fcod
have been established, which are registered on an experimental
basis only at this time, or which are produced in the United
States for export. These substances range in acute toxicity from
lethal at low doses (strychnine) to edible in relatively large
guantities (sodium chloride). Certain of these compounds have
produced carcinogenic, teratogenic, mutagenic, and neurotoxic
effects, and alteration of reproductive processes or functions in

experimental animals. Consequently, this chapter is not intended
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to Lte a comprehensive review of any individual pesticide or to
cover the biologic effects of any substantial fractiorn of the
total number of substances currently registered and used as
pesticides.

The earliest known pesticides were organic materials of
natural origin. Inorganic compounds, particularly the salts of
arsenic, lead, mercury, copper, and zinc, came into wide use as
pesticides in the mid-19th century. The era of synthetic organic
pesticides began with the discovery of the insecticidal activity
of dichlorodiphenyltrichloroethane (DDT) in 1939. The success of
DDT during ¥World War II against lice carrying typhus and against
mosqguitos carrying malaria created great enthusiasm for
commercial use when the war ended. Subsequent research developed
a wide variety of synthetic organic pesticides, including the
organochlorine (0C) , organophosphorus (cCP), and carbarate
pe;ticides. The 1,59) active pesticide ingredients are now
formulated into more than 40,000 registered pesticide products
[1].

Since the discovery and use of pesticides, their potential
for producing harmful effects in humans has been recognized along
with their beneficial effects. This recognition has resulted in
a vast expenditure of government funds for scientific research
and in a voluminous amount of 1literature ©pertaining to the
biologic effects of pesticides. Much has been learned of the
biologic effects of these substances, but the research effort has
been disappointing in some important respects. For instance,

protably no substance has been more intensively studied than DDT,
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especially in terms of potential for carcinogenic effects. Yet,
it is unknown whether the very small amounts of DDT to which we
have all been exposed are responsible for any portion of the
overall human cancer problem.

¥hile the results of studies on the effects of exposure cf
humans to small quantities of DDT and other pesticides remain
inconclusive, larger exposures to certain pesticides are
conclusively harmful. The recent incidents of severe neurologic
disorders in employees involved in the manufacture of Kepone and
leptophos provide clear evidence of harmful effects. sased on
these episodes and other less spectacular incidents discussed
later in this chapter, every effort must be made to minirize
human exposure to pesticides, especially during their manufacture
and formulation when the opportunity for excessive exposure is
potentially the greatest.

In the development of pesticides today, an effort should
be made to achieve a selective toxic effect by exploiting
physiclogical and biochemical differences between cells of pest
organisms and those of nontarget organisms. Such differences are
infrequent and are overshadowed by the abundance of similarities
existing among most species. Moreover, while a particular
substance may be thought of as having one main toxic action, e€g,
inhibition of chitin synthesis in insects, the normal functions
of the mammalian body involve so many enzyme systems and
physioclogic interactions that the probabilities are high that the
substance may also affect mammalian systems.

DDT, at the time of its development as an insecticide, was
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one of the two substances (the other being penicillin) thought to
have achieved the ultimate in selective action. A very high
ratio exists between the acute toxicities of DDT for the mosquito
and for man. However, recent research has demonstrated that the
compound is capable of producing +tumors in some species of
experimental animals [2]. Furthermore, there 1s convincing
evidence that DDT and its metabolites accumulate in food chains
by a rrocess of biologic concentration in ecosystems [3]. These
findings have severely limited the acceptability of DDT use in
many countries.

Similarly, when mirex was developed as an effective weapon
against the fire ant a few years ago, it was believed to be a
safe pesticide with regard to man and the environment. Hovwever,
recent animal tests 1indicate this substance 1is a carcinogen
(4,57, further demonstrating that pesticides, although
specifically designed +to attack undesired insects and other
pests, present potential hazards to human beings.

Observations in both humans and experimental animals have
clearly shown the ability of certain pesticides to produce
delayed irreversible effects. 1Induction of cancer in humans is a
primary concern, and may require as many as 20-40 years to
appear. Due to the inability to detect most cancer and to relate
it to a specific etiologic agent, as well as a desire to prevent
its occurrence, the results of animal studies must te relied upon
extensively in assessing the toxic effects of pesticides. The
same argument holds for other types of delayed actions including

carcinogenesis, mutagenesis, teratogenesis, other effects on
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reprcductive processes, chronic toxic effects on parenchymatous
organs, eq, aplastic anemia, chronic nephrosclerosis and

cirrhosis, and interference with neuronal integrity.

Industry Characteristics and Extent of Exposure

(a) Pesticide Production

In 1975, the latest year for which figures are availatle,
1.61 billion pounds of pesticide active ingredients (excluding
creoscte) were produced in the United States, an increase of
13.5% over 1974 [1]. 0f this total, 788 million pounds were
herbicides, 666 million pounds were insecticides, and 156 million
pounds were fungicides [1]. The growth in pesticide production
is expected to continue according to a 1976 survey conducted Ly
the US Department of Agriculture's (USDA) Economic Research
Service [6]. Expansion in the industry should boost domestic
capacity in 1976 by 12% and by another 7% by 1978 [1].

Approximately 90% of all present-day pesticides are
organic compounds. Insecticides consist primarily of 0C, CP, and
cartamate compounds. Fumigants include halogenated hydrocarkons
and inorganic gases. Herbicides 1include amides, arsenicals,
carktarates and thiocarbamates, OP compounds, and substituted
ureas. Fungicides include thiocarbamates, phthalimides, and
orgarotin compounds. The production of these compounds involves
many chemical processes 1including chlorination, alkylation,
nitration, phosphorylation, sulfonation, and bromination.

Creosote, a mixture of phenols derived from either wood or

bituminous coal by destructive distillation, is used as a wood

43



preservative because of its ability %o kill both the fungi and
the toring insects and arthropods that are likely to infest wood.
In 1972, approximately 1.15 billion pounds of creosote were
produced, an amount almost equal to the total amount of synthetic
organic pesticides produced that year [7:.

Inorganic pesticides account for the remaining 10% of
pesticide production and include calcium arsenate, lead arsenate,
sodium flouride, arsenic acid, borate, and sulfur. Cof all
inorganic pesticides, 55% are fungicides, 38% are herbicides, and
7% are insecticides [ 1]. The estimated 1975 production levels

and uses of major pesticides are shown in Table XIV-1.

(b) Description of Industry
Commercial pesticide products are produced in two
segquential operations: manufacturing and formulating. The

manufacturing operation produces the active pesticide ingredients
by chemical synthetic procedures. The active ingredients are
then +transformed 1into formulated products by diluting them with
solvents, by spraying them onto clay, or by mixing them with
other carriers. By their nature, formulating operations are
primarily batch mixing and blending operations [8 (pp 1,70) ].

(1) Pesticide Manufacturers

Pesticide manufacturers usually operate
capital-intensive, integrated chemical synthesis plants and, with
a few exceptions, produce many other chemical products in
addition to pesticides. In 1972, the average pesticide
manufacturing plant employed approximately 185 workers, 100 of

whom were employed directly in production operations {[9]. The
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employees normally include chemists, engineers, managers, skilled
chemical operators, pipefitters, electricians, and laborers.
Manufacturing includes pretreatment of reactants (change
of size, temperature, and state), reaction, purification, and
post-treatment of products (change of size and state). Raw
materials for manufacture are delivered in bulk by pipeline,
railrocad car, barge, etc, or may be produced in-plant, often as
by-products of other reactions. Manufacturers may produce
several pesticide active ingredients at a single plant, and such
a plant usually consists of several separate but interconnectatle
production areas or subplants. A subplant contains the equipment
necessary for carrying out all the unit processes and operations,
such as reaction, distillation, filtration, and mixing, which are
necessary to synthesize a product from raw materials. Subplant
hardware may include rills, screens, hoppers, tanks, reactoré,
absorption columns, cooling towers, stills, filters, centrifuges,
dryers, etc. Process monitoring, sampling, and analysis are
per formed to determine temperatures, pressures, flowrates,
densities, and composition changes in order to control the
chemical reactions.
(2) Pesticide Formulators
Pesticide formulating establishments are dgenerally
smaller than manufacturing establishments. The average
forrulator employs 32 workers, 18 of whom are employed in
production {9]. Employees may include engineers, chemists,
operators, and 1laborers. There are major variations among

formulators both in size and in operating practices. Seventy-one

45



percent of all formulating establishments employ less than 20
employees [9]. Cnly 6% of all establishments employ more than
100 employees [9], bLut these larger plants dominate total
production. Formulators with 100 or more employees account for
56% of production, whereas formulators with less  than 20
employees account for only 12.5% of all production [9].

A formulating operation is generally less complex than a
manufacturing operation. Usually, a formulator receives
concentrated active ingredients from a manufacturer or a custorer
and dilutes them with various nonpesticidal materials known as
"inerts." The term irert refers to the effect of the substance on
the target organism relative to the effect of the pesticide on
that organism. However, as with any chemical, a toxic effect can
be obtained with any inert at some dose, and many so-called
inerts are more toxic to man than the term would lead one to
believe. The formulating process may also include physical or

chemical treatment to yield particular product forms: dust,

povwder, wettable powder, granule, pellet, emulsifiable
concentrate, or aerosol. Further processing may be done bty
wholesalers, retailers, repackagers, or end users. With a few

exceptions, formulating is a simple process varying in type
according to the desired end product [8(pp 1,11,12,7)) ].

The preparation of dust and powder pesticide formulations
entails dispensing from hoppers, screening for size, and mixing
with flour, silica, sulfur, lime, gypsum, talc, or <clay in a
hammer mill, roller mill, or other type of mill.

Granule-formulating consists of dispensing and sizing the 1inert,
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eq, <clay, vermiculite, ground corncobs, diatomaceous earth,
dissolving or melting the pesticide in a tank, and then spraying
the pesticide onto the inert in a mixer [8(pp 1,11,12,34,35) .

Liquid formulations are generally prepared by placing toth
a pesticide and a solvent into a mixing tank provided with some
type of agitator. The resultant 1liquid may be filtered or
decanted to remove insoluble material.

The care exercised in substance handling and control during
forrulation varies greatly from the relatively sophisticated
procedures and equipment found 1in a major facility where both
manufacturing and formulating occur {8(pp 52-62)] to less
complicated setups where, for example, second-hand egquipment is
used [8(pp 11-18) ]. Chapters IV and V provide additional details
on the manufacturing and formulating processes, work practices,
and control processes.

(c) Industry Statistics
The Standard Industrial Classification Codes (SIC's) for
establishments primarily involved in the manufacture and
formulation of pesticides are:
(1) SIC 2869 - Manufacture of pesticide and
other organic chemicals, not formulas; and
(2) SIC 2879 - Agriculture chemical
manufacturers and formulators--including insecticides,
herbicides, agricultural chemicals, household insecticides, and
agricultural chemicals not otherwise classified.
The most recent Bureau of Census statistics (Table XIV-2)

for these two industries show that there were 19 manufacturing
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establishments and 388 formulating establishments in 18972
identified as primarily producing pesticides. Eighty-one percent
of the value of shipment from all manufacturing and formulating
establishments originated at these ﬁacilities. The remainder was
produced at 6,679 other establishments, which produce pesticides
as secondary products. These establishments are in a number of
industries such as 1Industrial Organic Chemicals (SIC 286),
Polishes and Sanitation Goods (SIC 2842), Plastic Materials ard
Resins (SIC 2821), Pharmaceutical Preparation (SIC 2834), anrd
Industrial Inorganic Chemicals (SIC 281).

The geographic distribution of pesticide production in the
US is shown in Table XIV-3. The greatest amounts of pesticides
are produced in the South, followed by the North Central region.
The South alsoc has the largest number of formulating
establishments (Table XIV-2), reflecting the region's high
agricultural production. The value of shipment data in Tatles
XIV-3 and XIV-4 reveal that although the Western region has
approximately 25% of the primary formulating establishments, they
appear to be smaller than those found in other parts of the US,
due to the 1low value of shipment for this region (11%).
Conversely, the formulating establishments found in the North
Central region are relatively larger than those found 1in other
parts of the country. This region shipped 41% of dollar value
from just 25% of US formulating establishments.

(d) Estimates of Worker Population

Table XIV-4 shows that approximately 8,700 production

workers are employed in establishments identified as prirary
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manufacturers and formulators of pesticides. O0f this total
number of production workers, 1,900 work in manufacturing plants
and 6,8)9 work in formulating plants.

In Table XIV-5, the distribution of formulating plant
workers is shown by size of the formulating plant. Approximately
1,000 workers are employed in plants that have less than 20
employees, and another 2,120 workers are employed in plants that
have between 20 and 95 workers.

To estimate the number of production workers exposed in
other establishments producing pesticides as secondary products
is difficult. However, 1in these industries there are over
350,000 additional production employees who have the potential
for exposure because they work at a rplant that produces

pesticides [9].

Pesticide Properties and Worker Exposure Routes

The particle size, volatility, and solubility of materials
present during the manufacture and formulation of pesticides
significantly affect environmental concentrations and
accessibility to the possible routes of entry cf potentially
exposed workers. The following descriptions are of specific
chemical and physical factors 1involved in the major routes of
pesticide exposure.

(a) Inhalation Exposure

The inhalation of pesticide dusts, vapors, mists, anrd
gases may present a significant occupational hazard. Dust

hazards are created by dry formulations that involve granules,
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wett+table powders, baits, and soluble powders. For exarngple,
captan, <carbaryl, and chlcrda are usually formulated in powder
form, whereas chlorpyrifos and diazinon are often formulated in
granular form. Fxposure to pesticide vapor can occur in the
production of fumigants such as ethylene dibroride,
acrylonitrile, and trichloroethylene, and some fumigants, such as
phosgene and ethylene oxide, are gases at standard temperature
and pressure (STP). Although the carriers used in formulating
pesticide dusts are described as M™inerts"™ with respect +to
pesticide potency, several may present health hazards; for
example, talc may contain asbestiform fibers.

In pesticide operations, dusts are generated by the
mechanical agitation of so0lid materials as 1in packaging ard
millirg. Hammer-mill grinding has been shown to produce powders
with average particle sizes up to 75u. Air-mill grinding creates
micronized particles of 2-5u[ 10].

Retention of particles within the lungs depends on wmany
factors: size, shape, hygroscopicity, density, reactivity, and
nasal or oral inhalation [ 11]. Hayes [11] speculated that in the
absence of specific information on a particulate, it can te
assumed that about 25% of 1inhaled material would be exhaled,
about 50% would be deposited in the upper respiratory passages
and subsequently swallowed, and about 25% would be deposited in
the lcwer respiratory passages.

Several studies have been conducted to measure worker
respiratory exposure during pesticide manufacture and

formulation. Comer et al [12] reported that formulating plant
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workers had higher potential for body-front exposure than did
spraymen. Tests were conducted in three formulating plants
during formulation of 4 and 5% carbaryl dusts. The workers
studied were at kagging or mixing stations, areas of greatest
potential contamination. Considerable variation was observed in
the range of exposure values for each work activity. One of the
factors observed as causing occasional high values of exposure
was ralfunctioning of the bag-filler spout mechanism, resulting
in excess billowing dust. The formulation plant workers' mean
respiratory exposure #as 1.1 mg/hour of work activity. The
amount of pesticide entering the body via the respiratory route
was estimated from the contamination of special filter pads used
in place of the usual outer absorbent filter pads which cover the
filter cartridges of +the respirators worn. To compare values,
tests were also conducted on spraymen operating tractor-drawn
airklast equipment as they applied J.945-).6% carbaryl spray to
fruit orchards. For spraymen the mean exposure value was 0.09
mg/hour. It 1is reasonable to assume that the higher amounts
inhaled by formulators reflect their frontal exposure to
concentrated dry carbaryl dust, and that spraymen inhaled and
consequently absorted lesser amounts due to the larger size of
the spray droplets.

In another study, Jegier [13] measured respiratory
exposure of formulation plant workers during the formulation of
25% azinphos-methyl wettable powder. Air samples were taken in
the treathing zone of the plant workers during the formulation

process. Resplratory exposure was determined directly from the
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quantities of azinphos-methyl deposited on filter pads attached
to double-filter respirators. The concentrations in +the air
sample ranged from 1.07 to 9.64 mg/cu m. The filter pads held
amounts from 0.72 to B8.24 mg/day. The highest concentrations
were recorded in the blending area of the plant.

Hayes [ 14 ] reviewed the relationship between physical forms
and the exposure hazards of the three major +*ypes of pesticide
formulations (gases, dusts, and sprays). He found that materials
in the form of a gas, vapor, or very fine particulate were
inhaled more efficiently than are 1larger particles, and he
concluded that the most hazardous form for respiratory intake was
a gas, Wwhile dusts and then sprays followed in decreasing order
of hazard potential. This effect of particle or aerosol size on
exposure was further studied in agricultural spraymen by Wolfe et
al [15] who concluded that the smaller aerosol particles (20-100u
diameter) generated by a concentrate-spray apparatus compared
with those produced by a conventional spray machine (over 150u
diameter) resulted in increased potential exposure through the
respiratory tract. The mean respiratory exposure by +the
concentrate-spray technique was (.05 mg/hour while by the
conventional dilute-spray method the mean was 0.02 mg/hour. The
concentration of the pesticide in the preparation being sprayed
was also mentioned‘as a factor to be considered in the assessment
of rotential exposure.

Pesticides have a wide range of vapor pressures, varying
from nonvolatile materials, such as DDT and dieldrin, to

compounds with extremely high vapor pressures, such as methyl
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bromide. The volatility of t he material affects the
environmental concentration and, thus, is a significant factor in
respiratory exposure.

Dichlorvos (DDVP), an OP compound, 1s an example of a
highly volatile pesticide. Because of this property, DDVP is
frequently formulated with wax or other suitable materials from
which it 1is slowly released. Its high vapor pressure may cause
large concentrations to accumulate in the air of the workplace
during manufacturing and formulating operations. Menz et al [1€]
measured the exposure of factory workers +to DDVP 1in the
production and processing of a DDVP-releasing aerosol product.
Measurements were taken in the vaporizer production and packaging
room for 8 months, and DDVP levels ranging up to 3 mg/cu m «ere
detected. Although the various measurements revealed
considerable fluctuations, on the average, the employees were
exposed to DDVP concentrations of J.7 mg/cu m on each working day
of the experimental period.

Many incidents of poisoning due to respiratory exposure to
a variety of pesticides have been reported in the literature and
are discussed later in this chapter. These incidents demonstrate
the need to protect workers from this exposure mode. The
experience with methomyl [ 17] shows that problems due to toxicity
can be avoided by controlling the form of pesticides and Ly
reducing the inhalation hazard. Methomyl 1is a highly toxic
cartamate pesticide which was introduced in California in 1969 as
a water-dispersible powder of 90% concentration. Shortly

thereafter, a number of poisoning cases occurred in which
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methomyl was implicated as the causative agent. These cases
included acute intoxications in formulation plant workers and
farm laborers from inhalation of the powder. Subsequently, a
liguid formulation of methomyl was introduced to avoid exposures
that resulted fror handling the light pesticide powder, and this
resulted in fewer methomyl poisoning incidents.

{b) Dermal Exposure and Absorption

Workers frequently experience dermal exposure to
pesticides with subsequent absorption through the skin. Exposure
studies of formulators [12] and agricultural workers [13] have
shown that dermal exposure to pesticides occurs frequently if
proper precautions are not taken. Wolfe and Armstrong [ 18]
reported the dermal exposures of workers to DDT in two
formulating plants. Highest exposures occurred at the bagging
station where the mean dermal exposure was calculated to be 524.5
mg/hour. Comer et al T[12] observed that carbaryl formulating
plant workers received a mean dermal exposure of 73.9 mg/hour of
work activity. Jegier [13] reported dermal exposure %o
azingphos-methyl by formulation workers in the blending area based
on guantities of the pesticide collected on cellulose pads
attached to workers' foreheads. The exposure levels ranged frorm
39.2 to 167.2 mgs/day with a mean of 80.9 mg/day.

The rate at which a particular compound 1is absorbed
through the skin 1is determined by the nature of the compound
itself, by the condition of the skin, and by external factors
such as temperature [11]. One major factor is the solubility of

the pesticide. Lipid-soluble compounds, eg, parathion, DIDT,
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aldrin, and toxaphene, are atsorhed more readily than
water-soluble materials [11]. The wost rarid and complete
absorption through the skin occurs wi*h —~hemicals which have sonre
solukility in both water and lipid [19%7.

Skin absorption for any given compound is also
prorcrtional to the skin area exposed, and dependent upon the
region exposed. PFurthermore, different portions of the human
skin absorb chemical substances at different rates. Maibach and
coworkers [207] used 14C-labeled parathicn *o compare absorptive
capacities of Qdifferent parts of ¢h~ human body. The results
(see Table ITII-1) indicate that under experimental conditions the
greatest rate of atsorption and the most complete uptake 1in the
male was through the scrotal skin whers aprroxinately 100% of the
applied dose was absorbed. The possibility of pesticide being
completely absorbed through the scrotal skin emphasizes the need
for increased concern for protection of this area. Another area
of the body'where absorption was higher than expected was the
head and neck, where 32-47% of +h- applied parathion dose was

absorbed compared with approximately 9% tfor the forearm.

A major factor that may alter bo*h *he degree and rate of
skin absorption is the condition of the skin barrier itself [11].

The skin barrier may be injured, thereby leading to increased

absorption, by a number of factors including wasaing with organic

solvents, irradiation, and thervral or «¢hemical burns [11].

55



TABLE ITI-1

ABSORPTION OF PARATHION FROM
VARIOUS PARTS OF THE BODY

Urinary 14C Excretion Expressed as Ratio to Forearm
Percent Applied Dose

Forearm 8.6 + 5.6 1.0
Palm 11.8 + 4.0 1.3
Abdomen 18.5 ¥+ 11.5 2.1
Back of the Hand 21.0 ¥ 8.1 2.4
Scalp 32.2 ¥ 6.1 3.7
Forehead 36.2 + 12.6 6.2
Ear Canal 46.5 + 17.7 5.4
Axilla 66.0 + 32.5 7.6
Scrotum 101.6 + 18.8 11.8

Adapted from reference 20

Dermatitis and eczema also decrease the effectiveness of the skin
barrier and increase uptake [21]. Increased circulation of blcod
through the dermis of the skin by physical movement and sweating
also enhance the intake from the surface of the skin [11]. Very
fine rowders tend to be absorbed more readily than coarser
powders rubbed on the skin in exactly the same way. Hayes [11]
found that very finely qround technical dieldrin was absorbed as

readily as dieldrin applied to *he skin in solution; in contrast,
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coarsely ground Adileldrin powder was not as well abscrbed. The
particle sizes of the powders were not specified.

Solvents, binders, and inert materials used 1n pestioyos
manufacture and formulation also have an effect on ponticiae
dermal absorption and toxicity. For example, Brown [21] recorded
significant changes in the LD50's of +two experimental samples of
carbamates (composition proprietary) in CFE strain rats with
varyirg solvents, bkecause of differences in dermal absorpticn.
The different solvents tested included acetore,
N-methylpyrrolidone, and xylene. The first samrple of carbarate
in acetone at a concentration of 20% resulted in an D50 of
>1,000 mgskg compared with one of 12)-23}) mg/kg when the
carbarate was dissolved in N-methylpyrrolidone at a concentration
of 25%. A different sample of carbamate iIn acetcne at  a
concentration of 20% yielded an LL50 of >100 mg/kg in males ard
139 rg/kg in females, compared with ones of 1) mg,/kg in males anl
<3 mgs/kg in females obtained when a 5% solution in =xylene was
used. Increase 1n absorption may involve a solvent that Ly its
own ready absorption helps to carry the toxicant +through +the
skin. Injury to the skin by these agents may aiso increase
dermral absorption.

Adherence of pesticides to the skin was deronstrated Ly
Fredriksson [22] who studied the decontamination of human skin
exposed to parathion. Using 32P-labeled parathion, applied *o
the skin of four volunteers, he demonstrated that a soap and
water wash for 37 seconds removed only 36-48% of the remaining

parathion if the wash was delayed for 6 hours. A wash with
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alcohol, in which parathion is soluble, still allowed 10% of the
dose to remain after the same amount of time.

In summary, fof many pesticides, especially the OC, OP and
carbamate insecticides, exposure via the dermal route is one of
the wmost important sources of exposure. Extra care should be
taken to protect all areas of the skin from exposure to
percutaneously absorbable compounds, and employees should be well
aware of the hazards of dermal absorption of pesticides.

(c) Gastrointestinal Absorption

Oral exposures occur through accidental splashing of
liquid pesticides into the mouth, by smoking or eating with
pesticide~-contaminated hands, by rubbing the mouth area with
contarinated hands, and by swallowing inhaled material that rmay
have entered the  upper respiratory tract or have been swept ugp
the trachea by ciliary action into the pharynx. However, such
oral exposures are difficult to measure or quantify.

The esters of such acids as 2, 4-D and 2, 4, 5-T would be
expected to be hydrolyzed within the 1intestinal +tracts of
mammals, so that +the free acids would be the entities to Le
absorbed through the walls of the tract. Both 2, 4-D and 2, 4,
5-T are weak acids, with pK's at 25C of 3.31 and 3.14,
respectively, and are soluble in lipids and lipid solvents. Such
compounds would he expected to be essentially nonionized in
stomachs, where the pH is between 1.0 and 2.0, and to be well
absorbed, therefore, from the stomach and the first portion of
the duodenum [ 23,24)]. As the pH of the contents of the

intestinal tract rises after the influx of the succus entericus
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and the pancreatic secretions, these compounds would become more
ionized and, consequently, less 1lipid soluble and 1less well
absorbed. Absorption would occur by the process described ty
Palay and Karlir [25] of pinocytosis into the rrucosal cell,
collection 1in the endoplasmic reticulum, and delivery into the
lymphatic system. This same mechanism has reportedly applied
to methoxychlor [26], another material soluble 1in 1lipids and
lipid solvents. On the other hand, paraquat, a compound highly
soluble in water (67 g in 100 ml), is wusually highly 1ionized,
with +wo ©positive <charges per molecule. Accordingly, it 1is
poorly abtsorbed from the intestinal tract [27].

(d) Ocular Exposure

The concentration of toxicant that contacts the expcsed
surface of the eyes due to spills or splashes may be greater than
that reached in the hody as a whole, so that local effects may be
produced on the eye or its accessory structure (conjunctivae,
eyelids, etc) in the absence of observable systemic effects.
Upholt et al [28] discussed this phenomenon in a study of
volunteers exposed to tetraethyl ©pyrophosphate in which no
systeric illness was found, but in which miosis appeared.

Maddy and Topper [29] described many examples of eye
injuries due +to pesticides in California during 1975. COCne
occurred to an employee who was working with a dust collector
when some excess captafol powder was blown out causing the powder
to enter through the side vents of Lis goggles, resulting in eye
irritation. Another exposure occurred when a chemist observing a

forrulating procedure without wearing goggles was exposed to

59



hlovothalonil dust. He suffered from conjunctivitis and

chorophoetie for 3 days and did not regain normal vision for a

General Toxicologic Effects of Pesticides

fegticides have caused diverse +toxic effects on  various
noan aad aniral  organs and organ systems including the liver,
ridnevys, sxkin, lungs, brain, nervous system, and eyes. Certain
pesticides  appear to be carcinogenic in humans and others have
neoduced tumors of vital organs in test animals. They have also
~nused  atvuctural and functional defects in unborn experimental
animrals anl mutagenic changes in hereditary characteristics in in
vivo and in vitro test systems.

The many types of chemical compounds used as pesticides
can = grouped on the basis of chemical structure into generic
mlaseses such as chlorinated hydrocarbons, 0P's, carbamates, and
chlovophenoxy acid esters and salts. While there are significant
vartstions in the toxic effects of the individual pesticides
»othin each structural class, common effects have been observed.

{a) Organochlorine Insecticides

onT, aldrin, dieldrin, lindane, chlordane, toxaphene, and
mirey are some of the most important OC pesticides in terms of
production and use [7]. These compounds are all nonpolar
substances and thus are soluble in lipids and organic solvents
and are relatively resistant to metabolism or degradation.
Consequently, these compounds have a strong tendency to penetrate

¢edll membranes and to be stored in the body fat. Chronic,

69



long-term exposure to these compounds usually presents a rore
serious problem than acute exposure [ 30].

OC pesticides primarily tend +to damage the 1liver and
kidneys [2,31]. Several of these pesticides, including DDT [31],
aldrin [2], dieldrin {2], and mirex [4,5], have produced benign
and ralignant tumors in the livers of chronically exposed
experimental animals, particularly mice. The hazards from skin
absorption are srall when the material is dry or in powdered
form. On the other hand, when dissolved in o0il or organic
solvents, the materials are well absorbed through the skin and
constitute a considerable hazard. Behavioral changes,
disturbances of sensory and equilitratory functions, involuntary
activity of skeletal muscles, and depression of vital centers
have also been attributed to exposure to OC 1insecticides,

including DDT, aldrin, dieldrin, and Kepone [31-347.

(b) Organophosphorus Insecticides
There are a large number of OP insecticides in use. They
include phosphates, phosphonates, phosphoramidates,

pyrophosphates, thiopyrophosphates, and phosphorothioates.

In contrast to the OC insecticides, the OP compourds
present a high hazard of acute intoxication which varies
considerably from compound to compound. Parathion and
fensulfothion are very toxic, with oral LD50's in rats of about 2
mg/kg [35]. Malathion is one of the least toxic compounds, with
an oral LD50 in rats of 1,400 mgs/kg [{35]. These sukstances exert
their toxic effects through their ability to inhibit

cholinesterases (ChE's). OP compounds containing a P=S nucleus,
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such as parathion, must be metabolically activated by exchanging
an oxygen atom for the sulfur. Animals, man, and insects all
perform this activation. 1In mammals, the activation is done Ly
micrcsomal oxidases of the intestinal wall and liver. Other OP
compounds do not require metabolic activation. The inhibition of
ChE by active forms is essentially irreversible and renders their
toxic actions persistent until the inhibited enzymes are replaced
by newly produced cnes. Repetition of a small dose may finally

result 1in serious intoxication even though each single dose rmay

inhibit only a small percent of the ChE activity. The syrptors
result from the accurulation of excessive quantities of
acetylcholine at peripheral, ganglionic, and central nerve

endings and from an elevated concentration of acetylcholine in
the tlood plasma and 1interstitial fluids. Poisoning with
reversible inhibhitors, such as tetraethyl diphosphate (TEPP), is
naturally more amenable to therapy.

Increased ‘Yronchial secretions, salivation, sweating,
bradycardia, miosis, muscular weakness, hyperglycemia, low blood
pressure, anxiety, headache, neurosis, slurred speech,
disorientation, and «c¢onvulsions are signs and symptoms that
characterize poisoning by this group cf compounds [36].
Respiratory failure 1is the most usual cause of death fror a
single, high dose. Such failure results from a combination of
blockage of the tvespiratory tract from excessive secretion frorm
glands of +the mouth and respiratory tract, by possitle
bronchoconstriction, and by paralysis of the respiratory areas of

the brain stem [37,387.
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The degree of acute intoxication by most OP compounds may
be gauged readily by the measurement of the extent of inhilkition
of acetylcholinesterase (AChE) in red blood cells (RBC's) or of
the nonspecific ChE present 1in plasma. Axonal degeneratior
followed by degeneration of myelin sheath cells 1in peripheral
nerves, and even in some cases, of degeneration of tracts within
the spinal cord, has been observed. Such effects resulted from
prolonged exposure to such OP compounds as tri-o-cresyl phosphate
[39], mipafox [47], and leptophos [41]. Some evidence has
accumulated that the chronic depression of AChE activity by GCF
compounds may be associated with behavioral changes [#2-447, but
there 1is some doubt of the scientific validity of these
conclusions [45-47]. Based on analysis of available human ard
animal data pertaining to behavioral <changes attributed to OFP
pesticides, it appears that insufficient «criteria exist for
assessing the significance of relatively subtle, apparently
reversible, alterations in brain function on the health cf
exposed workers. However, there 1is cause for concern and
additional research is recommended in this area.

(c) Carbamate Insecticides

These insecticides, which include carbaryl, methomyl, and
propoxur, have more recently come into wide use. They are also
ChE inhibitors and produce symptoms in humans similar to that of
the OPF insecticides. Unlike some OP compounds, the carbamates do
not require activation by microsomal enzymes to inhibit ChE. The
inhibition of ChE by carbamates is more readily reversible than

that rroduced by most OP compounds [36]. Overexposure may result
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in local effects, such as constriction of the pupil of the eye,
sweating on a localized area of skin, secretion of fluid Lty
glandular mucosa, etc. After absorption into the blood, the
comround will contact first the ChE of the ©plasma and the
erythrocytes and will inhibit one or both of therm.
Detoxification and dissociation of the inhibitor from the enzyme
begins promptly, and the concentration of active enzyme 1in the
blood rapidly assumes normal values while ChE in the central
nervous system (CNS) or 1in effector organs may still be
depressed. In this case, measurement of blood ChE activities
would yield normal values and might 1lead the physician to
conclude falsely that the patient had not been poisoned by a ChE
inhibitor. Even though a blood sample may be taken at a time
when its ChE activity 1is still depressed, dissociation of a
cartarate inhibitor from the enzyme will proceed Lty hydrolysis
after the blood sample has been collected. When carbamates are
the ccmpounds of interest, it is important that blood samples be
examined for <ChE activity as soon after collection as possible
and that a rapid sampling and analytic method be used 1involving
no, cr minimal, dilution of the blood. However, due to the rapid
reversal of carbamate-induced ChE inhibition, NIOSH does rnot
recommend routine monitoring for persons exposed only to
cartarate insecticides.

(4d) Inorganic Arsenicals

Lead arsenate, Paris green, and sodium arsenite are
insecticides that have been wused for many years. Arseric

compounds are invariably dangerous cellular poisons [U48]. They
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exert their effects by reaction with sulfhydryl groups of
important enzymes and are capable of affecting most organs in the
body. Symptoms of acute intoxication include nausea, vomiting,
diarrhea, intense pains or cramps in the intestine as well as in
the stomach and esophagus, rapid fall of blood pressure to shcck
levels, convulsions, coma, and death. Symptoms and signs of
chronic arsenic poisoning are characteristic gastrointestinal
pains and diarrhea, injury and degeneration of +the kidneys,
edema, fatigue, and loss of appetite. Characteristic skin
changes, which may appear also in mucous membranes, are flushing,
edera, acne, and thickening and scaling of the epidermis. Hair
loss, detachment of fingernails and toenails, and sometimes fatal
exfoliative dermatitis may occur. Inorganic arsenic has been
shown conclusively to produce skin cancer by prolonged use as a
therareutic agent [49]. Increased ircidences of skin cancers,
respiratory Cancers, and leukemias have been observed 1in
pesticide workers exposed to inorganic arsenicals [50].

(e) Nitrophenolic Herbicides

Nitrophenolic herbicides, such as the dinitrophenols ard
dinitro-o-cresol (DNOC), are highly toxic to humans and animals
[36]. Most nitrophenols and nitrocresols are well absorbed from
the gastrointestinal tract, through the skin, and from the lungs
when very fine droplets are inhaled [36]. They irritate the skin
and usually produce a yellow stain whenever contact occurs. 1like
other phenols, they are toxic to the liver, kidneys, and nervous
syster. The basic mechanism of toxicity 1is probably the

uncoupling of oxidative phosphorylation [36]. Increased
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oxidative metabolism depletes body carbohydrate and fat stcres
and leads to hyperpyrexia, tachycardia, and dehydration [36].
Symptoems of poisoning from these compounds are more severe when
the ambient temperature is high [36). Direct action on the brain
causes cerebral edema which is manifested clinically as a toxic
psychosis and sometimes as convulsions. Liver rparenchyma and
renal tubules show degenerative changes; albuminuria, pyuria,
hematuria, and increased blood wurea nitrogen (BUN) are often
promirernt signs of renal injury. Agranulocytosis has occurred
following large doses of dinitrophenol [36]. TDinitrophenols have
also reen implicated in the formation of cataracts [51].

(f) Chlorophenoxy Herbicides

The chlorophenoxy acids, salts, and esters are 1irritating
to s=kin, eyes, and respiratory and gastrointestinal linirgs.
They are absorbed through the gut wall, the lung, and the skin.
These acids are not significantly fat storable, and excretion
occurs within hours or at the most within days, primarily in the
urine [36]. They are regarded as being fairly nontoxic, although

three <cases of peripheral neuropathy were reported in workers

after exposures to 2,4-D [52]. In a few individuals, 1local
depigrentation has apparently resulted from prolonged ard
repeated dermal contact with these substances [36]. Sore

chlorophenoxy compounds have caused severe cases of dermatitis or
chloracne 1in workers, although in some cases contaminants were
the responsible agents [5317.

Chlerinated dibenzodioxins (TCDD) are contaminants of

2,4,5-T. Neurotoxic effects and chloracne have been found 1in
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workers exposed to TCDD-contaminated 2,4,5-T. Experimental
anirals exposed to TCDD may suffer teratogenic and mutageric
effects [54].

{(g) Dipyridyls

Paragquat and digquat are the best known compounds of this
class of herbicides. The dipyridyl compounds can bind to ard
injure the epithelial tissues of the skin, nails, eyes, nose,
mouth, and respiratory and gastrointestinal tracts. Concentrated
solutions cause inflammation and sometimes necrosis and
ulceration of mucosal linings [36].

Autopsy cases of accidental or suicidal poisonings from
paragquat show evidence of lung, liver, and kidney damage. Some
cases had myocarditis, and one case showed transiert neurologic
signs. Most striking was the widespread cellular proliferatior
in the lungs [55]. Indications of diffuse +toxic pneumonitis
appear from 72 hours to 14 days after ingestion of paragquat. The

pulmorary lesion has a <complex histopathology, beginning with

intra-alveolar edema and hemorr hage, followed by the
proliferation of fibrous <connective tissue. This fibrous
connective tissue proliferation 1is often progressive and

generalized and frequently results in death in 1-3 weeks [36].

(h) Urea, Uracil, and Triazine Herbicides

Monuron, bromacil, atrazine, and simazine are some of the
better known herbicides in these categories. They have low ocral
acute LD50's, generally being above 1,000 mg/kg [55].

Most injuries reported with these herbicides involve skin

irritation after prolonged contact. Some of these chemicals have
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heen 1implicated in 1injuries to the nervous system, liver, ard
kidneys, and have teen known to cause increased permeability of
capillaries at very high dosage levels in small laboratory
anirals, sheep, and cattle. Anemia and altered adrenal function
have bpeen detected 1in animals given extreme doses of atrazine
{56 7. These effects have not bheen obhserved 1in persons exgposed
occupationally or by accidental ingestion [36].

The herbicide amitrole, although not classified as a
triazine, is structurally similar. This compound also has a very
low acute oral toxicity 1in rats and mice, with a range fror
15,000 to 25,000 mg/kg [55]. However, amitrole 1is a potent
antithyroid agent, and significant effects on thyroid function
have reen observed at feeding 1levels as low as 2 ppm [57].
Ami*rcle has 1induced adenomas and adenocarcinomas in rats given
1)) ppm in the diet for 2 years [58)] and is also the chemical
suspected of inducing an increased incidence of cancer in Swedish
railway workers [59].

(1) Dithiocarbamates

There are three main groups in this class of fungicides.
The first group contains the direthyl derivatives including
thirar, ziram, ferbam, and vapam. The second group 1is composed
of the diethyl derivatives such as ethyl selenac, ethyl zirate,
ethyl tellurac, and ethyl cadmate. And finally, there 1is the
group of ethylene {bis) dithiocarbamate derivatives, which
includes the pesticides zineb and maneb.

Many of the dimethyldithiocarbamate compounds are

irritants and sensitizers [36]. The toxicity of these compounds
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protably resembles that of disulfirar (Antabuse), which 1s used
to c¢cndition individuals against beverage alcohol. They are
metakclized in a manner similar to that of disulfiram.
Disulfiram metabolites are powerful 1inhibitors of multigle
sulfhydryl enzymes in the liver [60,61] and the CNS. Animal
experiments indicate that thiram 1is more toxic than medicinal
disulfiram [36]. Preliminary results reported by NIOSH [€2]
indicate that a serious toxic synergism exists between disulfirar
and ethylene dibromide (EDB). 1In rTats fed ).75% disulfirarm in
the diet, mortality was 3/48 for males and 3/48 for females.

Rats exposed to 20 ppm EDB by inhalation experienced mortality

+

of 15,40 for males and 9/48 for females. However, rats exposed
to toth 7.95% disulfiram in the diet and 2) ppm EDB in air
experienced mortality of 45/48 for males and 47/48 for females.
All exposure periods were 13 months, and cause of death included
an increased incidence of various tumors, includirg
hemangiosarcomas of the liver, spleen, and kidney. ‘Yortality for
contrcls was 0/48 for males and 3/48 for females.

The toxic effects of +these compounds can be categorized as
those following absorption of the toxicant alone, and as those
which result when the dithiocarbamate is followed by alcohcl.
Peripheral neuropathy and psychotic reactions have occurred in
alcohol-abstinent individuals on high disulfiram regimens.
Disulfiram followed by alcohol 1is <characterized by flushing,
excessive sweating, weakness, upper respiratory congestion,
labored treathing, and in some cases, respiratory depression that

has teen life-threatening. High dietary 1intake of ferbam and
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zinel has produced functional and anatomical damage to the CNS in
rats [36].

In a screening study done by Bionetics for The National
Cancer Institute (NCI) [4], a number of these pesticides were
tested for their carcinogenic effects in mice. Elevated turor
incidences were observed in the mice fed ethyl selenac and bis
(2-hydroxyethyl) dithiocarbamic acid potassium salt [4], whereas
no significant increase in tumors was seen with zineb, manek,
fertam, ethyl zimate, methyl zimate, methyl selenac, and ethyl
cadmate. The authors also concluded that additional evaluation
of ethyl tellurac and sodiur diethyldithiocarbamate was needed.
Ethylene +thiourea (ETU) caused elevated tumor incidence when
administered orally [4]. ETU is an oxidation gprecduct of the
ethylene bisdithiocarbamate fungicides. Many compounds of this
class, including zineb and maneb, are skin irritants and have
caused dermatitis [63].

{(3) Organomercurials

Organic mercury compounds are used as fungicides for seed,
bulb, and corn treatment, and include phenyl mercury acetate,
N-ethylmercuri-1,2,3,6-tetrahydro-3,6-endomethano-3,4,5,6,7,7-
hexachlorophthalimide (EMMI), N-methylmercuri-1,2,3,6-tetrahydro-
3,6-endomethano-3,4,5,6,7,7-hexachlorophthalimide (MEMMI), and
2-methoxyethylmercuric chloride.

Because these pesticides contain mercury, they should be
regarded as highly dangerous. Compounds of mercury may te
absorbed through the skin, the gastrointestinal tract, and the

lungs. If high concentrations of ionizable mercury reach the
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small intestine, severe abdominal pain and bloody diarrhea Wwill
result, with possible sudden death due to shock and circulatory
collapse [64,65]. In general, the signs and symptoms of aryl and
methoxyethyl mercury poisoning resemble those observed for
inorganic mercury compounds [66]. Alkylmercury compounds also
affect the nervous system, and the signs and symptoms include
tremors, slurred speech, motor weakness, and abnormal reflexes
[64]. The health effects of poisonings by mercurials are further
described in NIOSH's criteria document on 1inorganic mercury
compcunds [67].
(k) Organotins

Trialkyl and triaryltin compounds are used as rodent

repellants, molluscicides, fungicides, insecticides, arnd
bactericides. Examples include triphenyltin acetate,
bistributyltin oxide, tricyclohexyltin hydroxide, and

triphenyltin hydroxide.

Adverse effects produced by occupational exposure to
pesticide products containing triphenyltin acetate include
irritation of the skin, conjunctivae, and respiratory tract, and
liver damage. Signs and symptoms of poisoning by organotin
compounds include general malaise, violent headaches, nausea,
vomiting, diarrhea, and epigastric pains. These effects are
described in detail in NIOSH's criteria document for organotin
compounds [68].

(1) Miscellaneous Pesticides

Fumigants in common use include halogenated compounds such

as methyl bromide and sulfuryl fluoride, cyanide compounds such
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as acrylonitrile and hydrogen cyanide, and aluminum phosphide, a
generator of phosphine. They are all highly toxic substances,
especially by inhalation. They are intended for fumigation where
there should be no exposure to humans. The halogenated aliphatic
fumigants include 1liver, kidney, cardiac, and CNS intoxicarts.
Hydrcgen cyanide 1is a rapidly acting poison which 1inhitits
cytochrome oxidase, an enzyme necessary for the oxidative
metakbolism of all cells [36]. NIOSH has reccmmended that

acrylonitrile be handled in the workplace as a suspect humar

carcirogen [69] and the Cccupational Safety and Health
Administration (OSHA) has regulated acrylonitrile as a
carcinogen. This recommendation was based on data from animal

experiments and on an epidemiologic study of workers handling
acrvlcnitrile in a textile plant.

The coumarins and the indandiones are used as
rodenticides. Warfarin is one of the best known coumarins [55].
These substances antagonize the action of Vitamin K to promcte
the hepatic production of prothromkin and several other clotting
factecrs [55,72].

Another rodenticide of interest is
T-nitrophenyl-3(3-pyridylmethyl)-urea (Vacor) . Unlike the
coumarin-indandione rodenticides, Vacor has no anticoagulant
action [36]; 1its exact mechanism of toxicity is unknown. Human

poisonings have occurred only after deliberate ingestions, with

varying symptoms depending on the dose and individual
susceptibility. Ingestion 1is followed 4-48 hours later by
nausea, vomiting, abdominal cramps, and mental confusion. These
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may re followed by aching and tremors of the extremities,
perirheral neuropathy, muscular weakness, and anorexia. Late and
persistent manifestations of poisoning are postural hypotension
and diabetes mellitus [36].

The fluoroacetates are another type of rodenticide. Sodiur
fluorcacetate is a powerful inhibitor of the tricarboxylic acid
cycle and produces death by interfering with the operation of
this important metabolic mechanism [36,55,71]. By forming
fluorocitrate, it competitively and tightly occupies the
receptive site of the wenzyme aconitase and thus blocks the
remainder of +the tricarboxylic acid cycle [72]. It may cause
cardiac ventricular fibrillation or convulsions, depending 1in
large part on the species to which it is introduced. Sodium
fluorocacetate is an extremely dangerous acute intoxicant.

Herbicides such as the acetanilides, acetamides,
carbanilates, and anilides have recently been developed. These
herbicides exhibit low systemic toxicity in laboratory animals,
but irritate the skin, eyes, and mucous membranes. Propachlor
and alachlor appear to have sensitizing properties; severe skin

reactions have occurred in sensitive individuals [36].

Human Health Effects

While the United States has escaped major incidents of mrass
acute fatal poisoning, other countries have not [73]. Table
XIV-6 1lists the major cases of mass poisonings experienced
throughout the world that clearly show the potential for great

tragedy when pesticides are handled improperly. A variety of
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toxic effects have been observed in workers exposed to pesticides
during their manufacture and formulation. VWorkers who have been
affected include formulators, mixers and loaders, cleaners and
repairmen of pesticide handling machinery, warehouse workers, and
truck loaders. The recent cases of occupational r[foisonings ty
Kepone, leptophos, and DBCP in the United States «clearly
demonstrate the variety of toxic effects that pesticides can
manifest and the need for gqood engineering controls and work
practices during the production and formulation of these
pesticides.

In assessing how widespread this problem 1is 1in the
workplace, the most reliable source of information comes from
California. California's State Workmen's Compensation Law
requires the reporting of injuries from occupational exposures.
This requirement has led to the development of a statewide data
base indicating the kinds and severity of injuries from pesticide
exposure. In 1973, a total of 1,451 cases of occupational
disease attributed to pesticides and agricultural chemicals was
reported in California [17]. Cf these, 156 occurred 1in
manufacturing establishments. The breakdown of these cases &Ly
class of compound, specific agent, and industry category is shown
in Takle XIV-7. There were 1,343 reported occupational illnesses
resulting from exposures to pesticides in California in 1975
[74]. Of these, 546 were concluded to be systemic, 436 involved
skin 1injuries, 314 1involved eye injuries, and 47 involved Loth
the skin and the eyes. Fifty-four of the 1,343 cases involved

pesticide manufacturing and formulating workers [29]. Of these
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54 cases, 39 had systemic effects, 5 involved skin effects, 8 had
eye changes, and 2 involved eye and skin injuries. The pesticide
mevinprhos was responsible for 25 of the 39 systemic illnesses.
Other pesticides believed +to have caused 1injuries include
parathion, methomyl, penoxalin, chloropicrin, carbaryl, captafol,
and malathion.

While statistical data on injuries and 1illnesses from
occurational exposures to pesticides are available from
california, similar data are not available on a national basis.
Unavailability of these data has limited attempts to characterize
the rpotential danger of individual pesticides and to identify
those pesticides which present a higher risk to workers due to
toxicologic properties and to overexposure because of poor work
practices and controls. Accordingly, ©NIOSH has published a
guideline for reporting occupational disease [75] which, if
implerented, would provide better data on occurational health
problems, 1including those associated with pesticides, than are
currently available.

Much of the information now available on the human
toxicity of pesticides comes from reports of accidental or
suicidal exposures. They provide valuable accounts of the types
of effects which result from pesticide exposure. In addition to
case reports, some epidemiologic studies have heen reported that
provide information on the effects of chronic exposures in
workers handling pesticides. Review of case reports and
epidemiologic studies reveals the variety of effects which are

seen as a result of pesticide exposure. Human exposures to
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pesticides affected the skin, eyes, and nervous, reproductive,
hepatic, renal, respiratory, hematopoietic, and cardiovascular
systems. Moreover, available studies have implicated the
inorganic arsenical pesticides [48,50,76], benzene [77-80],
acrylcnitrile [69,81], creosote [82], certain hexavalent chromiurm
salts [83], and amitrole {[59] as human carcinogens. The
following discussion of human health effects 1is arrarnged

according to the different target organs.

(a) Neurologic Effects

Neurotoxicity 1is a well-documented toxic effect of
pesticides in humans, often 1in association with +he OFP,
carbarate, and OC pesticides [55]. Two major incidents of

occupational neurotoxicity associated with pesticides involve the
OC pesticide Kepone and OP pesticide leptophos.

Kepone 1is a chlorinated hydrocarbon insecticide used
domestically as an ant and roach poison. It is related to the
pesticides mirex, DDT, aldrin, and dieldrin, all of which have
been restricted by the EPA. Kepone was produced 1in Hopewell,
Virginia, 1in a converted garage which began operation in 1973;
the rlant produced only Kepone [ 34,8417,

In July 1975, a Hopewell physician submitted an employee's
blood sawrple for analysis to the Center for Disease Control in
Atlanta. The analysis revealed a Kepone blood level of 7.5 ppr
(CW Heath, Jdr, written communication, January 1976) .
Subsequently, workers at the Hopewell plant were discovered to
have a variety of ailments which led to a dJetailed study and

investigation of 133 employees out of the total of 148 then
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current and previous erployees [ 347,

The workers suffered complex neurologic disorders
characterized by insidious onset of tremors, chest pains, weight
loss, mental changes, arthralgia, skin rash, opsoclonia, muscle
weakness, loss of coordination, and slurred speech. Seventy-six
of the 133 (57%) had experienced tremcrs focllowing exposure to
Kepone. The findings indicated that Kepone produces neurologic
disorders involving the brain, the peripheral nerves and muscles,
and the liver [34]. In addition %o the neurologic findings,
sperr counts showed cligospermia with no motile forms (CW Heath,
Jr, written communication, January 1976). NCI has released the
results of a study indicating that Kepone is carcinogenic in the
mouse and the rat [85].

The testimony and photographs submitted at the Senite
Hearings of April 21, 1976 [84] show that not even rinimal health
standards were applied at the Hopewell plant. Kepone exposure
was not in the least controlled, and extremely poor housekeeping
practices existed at the plant. Consequently, workers were
exposed to the massive amounts of Kepone that led to the reported
intoxications.

A recent study [86] has indicated that <cholestyranrine
shows promise as a detoxification agent for workers exposed to
Kepone., 1In 22 Kepone-exposed workers administered 16 grams of
cholestyramine per day for 5 months, mean blood half-life of
kepone was reduced from 165 to 80 days and the mean fat half-life
was reduced from 125 to 64 days.

Another dramatic example of occupational poisoning
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involved leptophos, an OP insecticide. leptophos was produced in
Texas for export until January 1976. In June 1975, 12 cases of
serious neurologic disorders in employees were identified by a
medical consultant to the manufacturer. These cases were not
repcrted to NIOSH until Septermrber 1976 [87].

Following notification of the neurologic disorders 1irn
Septerber 1976, NIOSH began a study 1in December 1976 of all
present and former employees. NIOSH contacted the majority of
the 301 then current and former employees and informed them of
the availability of medical examinations. Between January ard
April 1977, 155 persons reported for comprehensive examinations
that evaluated general physical status, neurological status, ard
measures of neuromuscular, ophthalmological, psychological, and
biochemical function. A reproductive history survey was also
conducted [41].

A substantial number of those examined had slight +to
seriocus neurologic, electromyographic(EMG), electroneurographic
(ENG) , and psychologic performance abnormalities. Many of those
studied showed sensation abnormalities of the hands and feet.
Results of the psychologic performance tests for those exposed,
when compared with the results for unexposed controls, suggested
an impairment of psychomotor performance. A few of those studied
showed significant EMG abnormalities. Most of the abnormalities
involved three muscles: the extensor digitorum brevis, abductor
hallucis, and gastrocnemius. Fifty-seven workers had abnorral
ENG results. Out-of-range latency measurements for the sensory

nerves (median, ulnar, and sural) were found for 17, 13, and 7%
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of the participants, respectively. Of the 29 workers with
abnorral latency findings, 8 showed abnormal findings for Loth
the wmredian and ulnar nerves. The number of out-of-range values
for muscle action potentials and nerve conduction velocities of
motor nerves was greater than expected. Results from chest X-ray
and blood and urine tests revealed no unusual findings. No
statistically significant differences were found in the
reproductive history survev [4117].

NIOSH medical officers believe that the signs seen in these
workers are compatible with OP poisoning, even though a number of
other chemicals were used in the manufacture of leptophos
including toluene, a suspected neurotoxic solvent., Also, during
the period of 1971-75, the plant also manufactured a resin called
Klyrvel which required use of n-hexane, a solvent that has been
associated with severe neurologic disorders [41]. NICSH
concluded that the health of the workers involved was adversely
affected by conditions that could have been prevented by more
careful medical surveillance, work practices, and engineering
controls.

The incidents with Kepone and leptophos directed natioral
attention to the hazards of pesticide exposure in manufacturing
and formulating workplaces, and to the problem of occupatioral
neurotoxicity. The literature reveals many other reports of
neurotoxic effects by pesticides, and some of these reports are
presented in the following paragraphs, according to chemical

composition.
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(M Organophosphorus Insecticides
The neurologic effects resulting from exposure to OP
insecticides can be classified as effects either directly related
to ChE inhibition or delayed neurotoxic actions.
{(h) Cholinesterase-NMediated Effects
Most OP poisonings involve effects that are
directly related to ChE inhibition. The mechanism of toxicity
involves the inhibition of AChE at cholinergic nerve synapses
with resulting accumulation of acetylcholine at these sites.
This leads initially to junctional transmission and later to
inhitition of synaptic transmission as the postjuncticral
memtrane develops a state of persistent depolarization [37]. A
more detailed discussion of the mechanism of Ch¥® inhibition is
provided 1in the NIOSH «<criteria documents and . recommended
standards for the CP insecticides malathion [88], parathion [89].
and methyl parathion [90].

Most poisonings involving ChE inhibition result from acute
exposures. Due to their rapid metabolism and excretion,
accurulation of OP insecticides in the body does not occur [55].
Small repeated exposures, however, <can result 1in progressive
inhibition of ChE which, if it continues, can reach a level at
which signs and symptoms will occur similar to those produced by
a single high dose. The manifestations of poisoning resulting
from accumulated acetylcholine in nerve tissue and effector
organs can be <classified as muscarinic, nicotinic, and CNS
effects. Muscarinic effects involve smooth muscle, the heart,
and exocrine glands. They include respiratory tightness,

sweating, nausea, vomiting, abdominal cramps, and pupil
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constriction (miosis). The nicotinic effects involve muscular
fatique and weakness, twitching, fasciculations, and cramps. The
CNS effects 1include tension, anxiety, headache, emoticnal
instability, confusion, ataxia, slurred speech, convulsions, ard
respiratory and circulatory depression [55,377.

The onset of these systemic effects varies with the
compound, %the route, and the degree of exposure. According to
Vale and Scott [37], the interval between exposure and symptors
may e as short as a few minutes, is usually less than 12 hours,
and rarely exceeds 24 hours. In most <cases, unless exposure
causes death, neurologic effects dependent upon inhibition of
ChE's are reversible. Local and less severe effects usually last
less than a day. Miosis often disappears in less than a week,
and mecst other symptoms diminish over the next 6 to 18 days [91].

Tiagnosis of OP poisoning is usually based upon
symptcmatology and blood ChE levels [92]. Although symptors are
not directly related to blood enzyme activities, the activity of
the enzymes 1in the blood usually provides a rough approximation
of the activity in the nervous system [92,93]. Measurements of
blood ChE levels are therefore a useful indication of the extent
of poisoning. The following case studies present an overview of
the signs and symptoms seen in OP acute poisonings.

Vale and scott [37] reported an OP pesticide poisoning in
a b51-year-0ld female formulation worker. The woman was exposed
to dereton-S-methyl while repackaging it in a poorly ventilated
rooma. She first noticed that her pupils were very small, while

combing her hair during the afternoon break. Within a few
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minutes she had a violent abdominal cramp, vomited, sweated
profusely, developed severe diarrhea, and fainted. The woman was
hospitalized and developed characteristic nicotinic twitching of
abdominal and 1limb muscles. Following treatment with atropine
and diazepam, her condition improved and her RBC ChE activity
returned to its preexposure level within 10 weeks.

Grigorowa [94] investigated poiscnings in a German plant
producing methyl parathion. The first series of examinations, in
February of 1959, 1involved 47 workers. Of the 47 studied, 18
(39.3%) reported wrild syrptoms, including lack of appetite,
gastric distress, visual disturbances, sleeplessness, fatigue,
nervousness, and slight headaches. Severity of the symptoms did
not appear to be related to length of employment, which rarged
from a few months to 6 years. Although plasma ChE activity was
apparently measured, no values were reported. The following
July, 35 workers were examined and 29 reported more severe
symptoms than those reported in February. The author stated that
signs and symptoms indicative of CNS involvement were freguent
and included headaches, dizziness, nausea, insomnia, fatique,
visual disturbances, increased perspiration, shooting pains in
the heart, loss of appetite, vomiting, stomach pains, fibrillar
muscular twitching of the eyelids, and numbness of the legs,
arms, or fingers. Time of onset for these specific symptoms was
not provided. Of the 29 symptomatic workers, 27 had plasma ChE
activities that showed activity inhibition of 11-68.4% compared
with the TFebruary measurements. In 21 workers this inhibition

was greater than 30%. It is not clear from the article whether
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all c¢f the 35 workers examined in July were members of the group
of 47 workers examined in February.

The author included a brief description of +two cases of
poisoning seen in the plant during the summer of 1559. One case
involved a 48-year-old worker with 5 years' work experience. The
man developed a headache and became weak and dizzy while filling
bags with methyl parathion dust. He lost consciousness for a few
minutes at home after work. Identical symptoms recurred when
work was resumed. He reported that his left hand had been numt
for a few days, that his right hand had little feeling, and that
he had experienced frequent twitching of +he eyelids. When
exarined in February, he had complained of 1insomnia. When
measured in the summer, plasma ChE activity was 64.4% of the
February value.

Another case involved a 27-year-old worker with 1 year's
experience. He had no complaints during the February
examination, but when examined in July, he complained of severe
headaches, 1loss of appetite, nausea, watering of the eyes, and
insomnia. For 8 weeks, he had experienced arm and leg numbness
with arm impairment sometimes involving only two or three
fingers. In the July examination, his plasma ChE activity was
60. 2% of the February value.

Petty [95] reported two cases of OP insecticide poisoning.
The first involved an employee of an agricultural experiment
station who participated for three spring seasons in spraying
trees and plants with various pesticides, including parathion,

EPN, DDT, dieldrin, and 1lead arsenate. He did not handle
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pesticides during the fall and winter months. The first two
springs the patient experienced symptoms of nausea, cramping,
aches, and pains which decreased during the fall and winter.
dDuring the +third spring he noted symptoms similar to those he
experienced previously along with nervousness, and difficulty in
balancing. Eventually he was found wunconscious and was
hospitalized, where he was weak, lacked sensation in the hands
and feet, and had paresthesias of the extremities. Plasma arnd
RBC ChE's were 34 and 37% of normal, respectively. Al+hough
blood ChE activities returned to normal, his symptoms persisted
with varying severity during the next 2 years.

The second case 1involved a physician who applied
insecticides to his lawn and shrubbery every Sunday. Initially
he used DDT and other insecticides, but 1later used malathion
exclusively. He sprayed a 6% malathion solution with a garden
hose attachment and was often thoroughly soaked with spray after
the application. After several months of such spraying, he was
tired, irritable and experienced paresthesias of the face ard
oral cavity. The next spring, soon after applying a £50%
malathion solution ¢to plants in his yard and living roor, he
experienced marked weakness, tremors, and headaches. He
collapsed and was hospitalized. During his hospital stay he
improved, but facial sensation Qas still decreased, gait was
unsteady, and muscles were weak. The following year the patient
was still experiencing marked muscle weakness, fatigue, and loss
of apretite.

Both individuals included in +this study had repeated
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exposures to various pesticides. Although depression of blood
ChE levels was reasured in the €irst man, no such evidence was
available for the other individual. The author does mention that
there may be no relationship between the OP exposure and the
peripheral or cranial nerve damage.

Low doses of OP insecticides are thought to depress ChE
activity without causing the symptoms of acute poisoning [9]].
In such asymptomatic individuals, determination of subclinical
alterations was made by measurement of blood ChE's, by
electromyography, and by electroencephalography.

The literature reveals differing opinions on the most
sensitive means for determining the effects of subclinical
exposure to pesticides [96,97]. In a study of 36 workers exposed
to OC and OP pesticides at a Dutch chemical corpany [96], 16
workers were tested and found to have an abnormal electromyogram.
These EMG responses were quantified by measuring the maxiral
voltage of the muscle action potentials elicited by optimal
stimulation of the motor nerve to the adductor pollicis muscle in
the forearm. Abnormal EMG responses were often observed,
although blood ChE activity 1levels were normal. This was
observed often 1in Wworkers whose primary exposure was to CP and
cartamate compounds and rarely in workers who mainly handled CC
pesticides. The authors stated that measurements of blcocod ChE
levels can be misleading in determination of overexposure to many
compounds, especially when the exposure is of a <chronic nature.
They suggested observation of subjective symptoms, such as

headache and nausea, or EMG recording, as preferred indices of
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overexposure in pesticide workers.

Jager et al [97)] also used EMG's to study workers engaged
in the manufacture and formulation of OP and OC pesticides. The
OP cecrpounds involved were dimethyl vinylphosphates; the CC
compounds were unspecified. EMG and whole blood ChE activity
were reasured. Of the 36 workers exposed to OP pesticides, 17
had abnormal EMG readings compared with only 1 abnormal EMG
reading in 28 workers exposed only to O0OC pesticides. The
abnormal EMG's of pesticide workers were similar +to the EMG's of
the patients with myasthenia gravis, a condition characterized Ly
muscle weakness and fatigability. The difference between the EMG
patterns of healthy individuals and myasthenic patients 1is that
the action potential spikes in a train have about the same
amplitudes in normal subjects, whereas in myasthenic patients the
action potential spikes, after the first discharge in a train,
decrease in voltage rprogressively and rapidly. 1In pesticide
workers, signs of progressive impairment of EMG appeared over a
workweek and then disappeared over the weekend. The researchers
did not find, however, a correlation between abnormal EMG
readings and depression of the activity of ChE's in whole blood.

Other means have been employed to detect effects of OP
pesticide exposure. Rayner et al [98] suggested that
hyporeflexia may be a sensitive indicator of chronic OP pesticide
exposure. They studied Japanese orchid farmers selected on the
basis of high OP usage. They were also exposed to fungicides and
0C's. The force of the Achilles tendon reflex was measured

objectively with a machine designed for that purpose and showed a
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depression of the reflex as compared with controls (P=0.001) and
confirmed preliminary observations of hyporeflexia in the exposed
agricultural workers. At the present time no completely
satisfactory criteria exist for determining the significance of
slight alterations in brain electrical activity, as determined by
electroencephalography, or in neuromuscular function, as
deterrined by electromyography, on the health of exposed workers.

(B) Delayed Neurotoxic Effects

Delayed neurotoxic effects have also Leen
attrituted to the OP insecticides. While substantial data are
available on delayed neurotoxic effects in experimental anirals
from exposure to pesticides [99-101], few human cases have Leen
reported. It has been suggested that delayed neurotoxicity is
the result of some action other than ChE inhibition, such a§ axon
degeneration followed by demyelination of tracts in the spinal
cord or of peripheral nerves [39]. Demyelination was the
probatle explanation for the paralyses seen in "Ginger Jake"
poisoning caused by tri-o-cresylphosphate (TOCP) {39,102]. Such
effects have been reported also for the OP pesticides, mipafox
[42] and leptophos [41].

Bidstrup et al [40] reported three cases of delayed
paralysis 1in research chemists involved in the production of
mipafox. These 1individuals had previously experienced symptors
of mild poisoning while exposed to other OP compounds. In the
first <case, the initial signs and symptoms were Vomiting,
muscular weakness, and eye problems. Following treatment for her

acute poisoning, the patient was released. Three weeks later the
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patient was rehospitalized with flaccid paralysis of both legs.
The muscles of the right hand were also weakened, and paralysis
progressed over the next few weeks. During this time, blood ChE
activity levels were dreatly reduced. Cranial nerves were
normal. EMG studies showed reduced interference patterns. All
muscles were tender, and twitchings of 1leg and face muscles
occurred. The patient's condition improved slowly, although leg
muscles below the knee remained paralyzed. Six months later the
patient was still in a wheelchair, although tce and ankle
movements were increasing. Nine months after initial exposure to
mipafcx, EMNG's showed evidence of a lower motor neuron lesion.
This patient was able to leave the hospital after akout 2 years,
but still has, some 26 years after the incident, weak leg muscles
so that walking 1is difficult and must be assisted by a cane c¢r
other supporting device (JH Wills, written communication, May
1978) .

A coworker of case one 1initially experienced respiratory
difficulties and eye irritation. A week and a half later the
patient experienced weakness and loss of tone in the muscles of
both lower 1limbs, particularly below the knee. An EMG showed a
reduced interference pattern but no sign of lower-motor neuron
degeneration. The patient's condition improved gradually, but
after discharge, he had bilateral foot drop, which was rmore
pronounced on the right side. Six months later the patient still
experienced tiredness, and after walking 200-300 yards, his foot
became "floppy."

The third affected worker was much less severely poisoned
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than the other two and never required hospitalization. The
authors [4)] believed that in the +two most severely affected
cases, prolonged failure of 1impulse transmission at the motor
end-plate initially contributed +to the rparalysis. However,
subsequent EMG's in case one were indicative c¢f peripheral
neuritis with no evidence of neuromuscular block. For that
reason the authors felt that demyelination was the most 1likely
cause of the persistent symptoms.

(2) Cartamates

The carbamate insecticides are also ChE inhibitars
[17] and the symptomatology in affected humans is similar to that
produced by OP 1insecticides. However, inhibition of ChE's Ly
cartarates is readily reversible [17 1.

Cases involving methomyl include a mill operator and two
laborers in a methomyl formulating plant who experienced episodes
of acute intoxication within a 2-week exposure period. A foreman
in ancther formulating plant reported being nauseated, dizzy, and
feeling "drunk™ after working with methomyl. In another case, a
17-year-old farm laborer who applied methomyl to an orange grove
becare 111 shortly after «work, lost consciousness, and was
hospitalized for 1 day. The adverse effects associated with
methoryl included nausea, vomiting, dizziness, weakness, and
respiratory abnormalities [17].

A case of poisoning by aldicarb involved the foreman of a
manufacturing plant who ran a mechanical bagging machine for 1
day. Several hours after exposure, the foreman experienced

nausea, dizziness, depression, weakness, and tightening of chest
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muscles. RBC ChE was inhibited *to 43% of normal. Three hours
after the initial ChE measurement, the RBC ChE level was again
measured and showed recovery; however, +the individual still
complained of tightness of +t+he chest. By the next day he had
recovered, and returned to work [1)3]. _

Tobin [104] reported on the anti-cholinesterase effects
following exposure to carbofuran. A survey of vworkers in a
cartofuran manufacturing plant revealed the following symptons ir
decreasing frequency: vague feelings of malaise, excessive
sSvweating, lightheadedness, nausea, blurring of vision,
hypersalivation, and vomiting. No one reported ches* tightness,
muscular twitching, convulsion, or loss of consciousness. The
author 1included two <case studies which 1involved formulation
workers who used a power concrete mixer to prepare a 12% granular
product of carbofuran and complained of profuse perspiration,
weakness, nausea, and blurred vision. One worker completely
recovered 2 hours after exposure ceased, the other felt weak and
nauseated 1 hour after exposure ceased but required no treatment.

A study of possible effects on CNS function after
subchronic exposure to the insecticide carbaryl was performed Lty
Wills et al [105). PFor this study, male volunteers between 25
and 57 years of age vere selected from inmates of a New York
State prison. The carbaryl was administered orally in gelatin
capsules. Dose regimens included: no dose, 2.6 mg/kg/day
carbaryl for 6 weeks, and 0.12 mg/kg/day carbaryl also for 6
Weeks. Indications of possible carbaryl-related subjective

neurologic effects were found in interviews of the subjects
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during and after the 6-week period of the study. Despite the
apparent dose-relatedness of these neurologic symptoms, no
decrease in blood ChE activity levels was seen except for a very
slight depression observed in one individual 1in the low-dose
group on day 3 of the test. Most of the subjective symptcms
reported by the high-dose group did not appear until the 4th or
6th week of the study.

(3) Organochlorine Pesticides

While neurotoxic effects of OP and carbamate
pesticides are fairly well documented, 1less information is
available for other pesticide classes. In addition to Kepone,
other OC pesticides have been associated with human neurotoxicity
[32,33,106-1101. Although the precise mechanism of their
neurotoxicity is unknown, the action of OC pesticides does differ
from that of the OP and carbamate compounds [55].

Kazantzis et al [106] reported on a formulating plant
worker who developed epileptiform convulsions after a short
period of heavy exposure to aldrin. The man had been working
with aldrin for 1little more than a week. His Jjob was to
transport paper bags of aldrin and fuller's earth (an inert
filler), open the Lags, and then empty them by hand intc a
mechanical mixer. He had to lean over into the exhaust hood of

the mixer to do this. He wore overalls and a cotton wool pad as

a mask. He had two convulsive attacks with loss of
consciousness. Analysis indicated a high body fat concentration
of dieldrin, the principal metabolite of aldrin.

Electroencephalograms (EEG's) showed irreqular alpha rhythrs.
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lLater, nine fellow workers were also examined. Two of these nine
workers described symptoms characteristic of aldrin poisoning.
The two men worked on the micronizer and btoth experienced
involuntary jerking of the 1limbs, irritability, and vomiting.
FEG's revealed irregular alpha rhythms. Improvement was seer in
both men following cessation of exposure. One of these men
returned %o work and subseguently experienced several attacks of
uncorscicusness. Blood and fat analyses showed high dieldrin
content. Another worker, who was not among thcse previously
examired, also lost consciousness and convulsed while working
with the 50% aldrin mixture. An EEG contained abnormalities
similar to those of the other three men with aldrin intoxication.

Nelson [107] reported convulsions in 3 of 35 workers exposed
to 25% aldrin concentrate. The workers also complained of
nausea, vomiting, vertigo, loss of weight, malaise, and headache;
recovery in all cases was complete.

Bell {108 ] reported the case of a man overexposed to aldrin
while repackaging 5-pound bags of the substance. Ventilation
during this work was poor, and no attempt was made to prevent
skin contamination. On the evening of the 2nd day of working
under these conditions he had a convulsive seizure. An EEG
examination revealed abnormalities, and a biopsy of fat 2 weeks
later revealed 40 ppm dieldrin; the patient recovered fully.

Avar and Czegledi-Janko [199] studied 15 men exposed to
aldrir in a fertilizer plant for varying periods of up to 5
years. The men were examined during the last month of their

exposure, In three men with poisoning symptoms, EEG's contaired



changes typical of convulsive states, and all had had convulsive
fits. Blood dieldrin concentrations for these three individuals
ranged between 9.3 to J).19 ppm. Seven months after the last
known exposure, both EEG findings anrd dieldrin concentration
returned to background level, and clinical symptoms ceased. In
others examined during the last month of exposure, signs and
symptcms of poisoning were present when the concentration of
blood dieldrin was greater than 0.10 ppm and were absent when it
was less than 0.05 ppm.

Hoogendam et al [32,33] reported on a 9-year health survey
of 300 workers 1in plants manufacturing OC pesticides. The
pesticides involved were aldrin, dieldrin, and endrin. Although
during that period no fatalities or permanent injuries were
found, 17 of the workers experienced «convulsive intoxications.
0f these, 5 had more than one convulsion, and 2 had more than one
convulsion on a single day. In several of the cases, convulsiors
were preceded by myoclonic jerks [32], but usually without any
prodromal symptoms. Specific EEG anomalies including bilateral
synchronous spike and wave complexes thought to be associated
with alterations in train stem function were observed [233].
Clinical and neurologic recovery after removal fror exposure uwas
rapid ard complete in all cases.

Derbes et al [110] reported the case of a 23-year-old woman
with 2 years' experience working in a pesticide factory who
spilled an anknown amount of a suspension containing 2Z5%
chlordare, 26% DDT, 39% Velsicol AR 597, and 19% triton-X on the

front of her clothing. PForty minutes later she became confused
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and rather suddenly began having generalized seizures. She died
in the ambulance on the way *o a doctor's office suggesting
massive exposure. Autopsy revealed nonspecific pathologic
changes in the brain, lungs, and kidneys.
(4) Other Pesticides
Neurologic effects have been reported following
exposure to a variety of other pesticides including methyl
broride [111,112], 2,4,5-T [53], monosodium acid methane arsenate
[11373, organomercury compounds [114], and diphenyl [115].
Greenterqg [ 111 ] observed CNS damage in a worker who had Leen
exposed to methyl bromide while fumigating cocoa beans. The
worker first lost and then regained the ability to walk. Two
months later, however, he suffered a recurrence of toxic
manifestations with violent seizures and altered krain electrical
conductivity, as shown by electroencephalography. Three years
later the EEG pattern had improved, but there was still some lack
of rmruscular coordination, and intelligence and personality tests
shovwed that he was at the torderline of mental retardation. He
appeared to have suffered mild tc moderate permanent train
damage.
Hine [112] reviewed 17 cases of methyl bromide poisoning,
5 of which are discussed below. The review included three case
reports of fatal poisoning. The first involved a worker who ate
his lunch in an area adjacent to a boxcar full of rice which had
been fumigated with methyl bromide the night before. That
evening he developed sudden tonic-clonic seizures and lost

consciousness. His wife drove him to the emergency room of a
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hospital where he was given Tresuscitative measures. Upon
examination he showed +tremors, fasciculation of the muscles,
cyanosis, and irregular gasping respirations. He died 297 minutes
after the initial seizure. The second case involved a man who
had fumigated almonds on the night prior to becoming ill. Four
hours after leaving work he experienced difficulty in breathing,
chest pain, <chills, and excessive sweating., He was discovered
later undergoing tonic-clonic convulsions and did not regain
consciocusness before death.

Poisoning was also seen in a man Wwho worked up toc 10
hourssday sacking rice, hauling it out of box cars, and piling it
in a warehouse. He was unaware that the rice had been fumigated
with mrethyl bromide in the car. He became ill on day 4 and his
initial signs and symptoms included a cough and a sore chest.
Six days later he had general muscular discomfort, milad
disorientation, and difficulty in breathing. He was hospitalized
and later died.

Hine [112] also reviewed two <cases of nonfatal methyl

bromide poisoning. One case 1involved a woman employed on an
almond-sorting belt for 2 months. Fumigation was done 1in a
warehouse 57 feet from her work station. The door to the

warehcse was open allowing the fumigant +to drift down the
conveyor belt. No fumigation had been done 48 hours prior to the
pericd of her first reported illness. Her first symptoms were
coolness of the chest and burning of the nose and throat. A
second exposure occurred the following night after she had been

at work 2 hours. She became ill and was unable to move her arms.
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The next day she was confused, had headaches, nausea, and loss of
leg ccntrol. She was hospitalized and began to hallucinate. Six
months later she still had hallucinations, headaches, 1lirb
discomfort, and general body soreness. laboratory examination
showed persistent leukopenia and a moderately abnormal EMG.
Thirty months after the initial symptoms, the patient was still
not at work due to malaise, decreased reaction time, muscle
pains, and depression.

Another man became ill within 1 week after he had cleaned
dead worms out of a series of rooms that had been fumigated with
methyl bromide 10 days earlier. The five rooms cleaned were 109
sq ft 1in size with small doors, no windows, and no permanent
exhaust systems; however, air hoses had been rigged in an attempt
to remove vapors. He worked inside the rocoms about half a day

for 4 days, did not wear a mask while working, and was not

advised of the hazard. The man's first symptom was extreme
nauseas. He was taken to a hospital, where he lost consciousness
for 4 Thours. After regaining consciousness, his symptoms

included nausea, weakness, numbness, dizziness, paranoia, and
discrientation which persisted for 24 hours. No obijective
eviderce of neurologic disease was found.

Other neurotoxins associated with pesticides are the
chlorinated dibenzodioxins {especially 2,3,7,8-tetrachloro-
dibenzo-p-dioxin, TCDD) that contaminate several pesticides,
including the herbicide 2,4,5-trichlorophenoxyacetic acid
(2,4,5-T), the wood preservative pentachlorophenol (PCP), and the

bactericide hexachlorophene. Jirasek et al [53] reported
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TCDC-related neurcpathy among factory workers in Czechoslovakia
producing 2,4,5-T and PCP. The majority of 55 workers suffered
what were stated to be severe neurasthenia and depressive
syndrcme. In 17 subjects, signs of peripheral neuropathy,
especially in the lower extremities, Wwere confirmed &by
electromyographic examinations.

De Palma [113] cited three cases of arsine intoxication in
a chemical plant where monosodium acid methane arsenate (MSHMA)
was teing produced. Two of the cases apparently involving the
nervous system are described below. During the reaction of
methyl chloride with sodium arsenite, a paddle became detached in
the vat and the operation was stopped before comrpletion of the
reaction. The tank was drained, but a so0lid residue remained on
the vat floor. An aluminum ladder was used to descend into the
tank. The first man entered the tank without a mask or
respirator to assess the damage. After a minute or two, he
noticed bubbling at the foot of the ladder and bent over to get a
closer 1look. He felt a sudden chill and left the vat. He soon
experienced a burning sensation in his feet, which later involved
his whole body. He then experienced nausea, vomiting, and
abdomrinal pains. He was anuric, irritable, confused, and
agitated when finally hospitalized. He was released after °©4
days with pain, numktness, burning and hypoesthesia of his feet,
ankle and leq weakness, and occasional finger numbness. The
peripheral neuropathy was decreased,’put still persisted 6 months
later. )

Another worker went halfway down the ladder and proceeded
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to wash down the tank floor with a hose while steam was piped up
through the center drain. He was in contact with rising steam
for about 15 minutes. Shortly after this task he noticed that
his urine was wunusually dark. He became Jjaundiced and was
hospitalized. During this period he experienced fever, paranoid
delusions, anemia, and progressive weakness; he lost 57 pounds
and could not walk more than 20 feet without having to rest. A
program of physical rehabilitation was initiated. His condition
improved and he was discharged. Six months later he still had
partial loss of sensation on both feet and neuralgia in his toes
and heels.

Ahlmark [114] documented five cases of neurotoxicity fror
methylmercury compounds in occupationally exposed individuals.
The first case involved a man employed for 3.5 years in a factory
where nmethylmercury was manufactured. He was specifically
occupied with the extraction of methylmercury iodide and also
with releasing the excess pressure in the bottles in which the
methylmercury iodide had formed. The author noted that the man
was known to be extremely <careful 1in his work and that he
observed all the protective precautions in detail. His first
symptcoms included giddiness, a "funny" feeling in his fingers,
and numbness of the fingertips. These symptoms were followed by
indistinct speech, numbness of the tongue, and trerbling hands.
His condition continued to deteriorate until he could not stand
and his speech was barely understandable. After about 4 months
ne kegan tb improve, but 9 months later he still suffered fror

muscular incoordination and could not eat properly.
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Three of the five cases involved packers of seed dressings
containing methylmercury. All experienced tingling in the hands.
One cf the cases progressed until the individual had difficulty
walkirg, balancing, and speaking. The first individual died; the
other two individuals had no other symptoms of poisoninag.

The fifth case involved a man who had impregnated wood with
met hylmercury. His first symptoms included numbness in his hands
and forearms, incocrdination, dizziness, and an unsteady walk.
The symptoms gradually increased, his speech was impaired, and he
becare blind. He died less than 1 month after hospitalization.

Seppalainen and Hakkinen [ 115] described a neurophysiolcgic
study of 24 out of 21 workers exposed to the fungicide diphenyl
in a Finnish paper mill where wrapping paper was impregnated with
the diphenyl. The group included those exposed to the greatest
amounts and/or who had symptoms or signs suggestive of poisoning,
including headaches, gastroinestinal complaints, general fatigue
and rumbness, and aching of the limbs. Ten of the 24 workers had
abnormal EEG's Wwith mainly diffuse, slow wave abnormalities.
During a 2-year observation period no actual improvement was
seen. Some workers also had electroneuromyography (ENMG)
abnormalities and 7 also exhibited fibrillations in some muscles.
In addition, nerve conduction velocity, especially that of slower
motor fibers, was reduced in several cases. The author did note
that exposure to diphenyl highly exceeded the TLV of 1 mg/cu r,
though no quantitative results were reported.

(b) Behavioral Effects

Neurotoxic responses to pesticides may also be manifested
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as behavioral or psychologic alterations [43,44,116,117]. Such
manifestations are often subtle and difficult to measure.

The behavioral effects of chronic but clinically nontoxic
exposure to OP pesticides were reported by Korsak and Sato [U2].
Thirty-two individuals were divided into two groups of low and
high <chronic occupational exposure based on a logarithmic index
derived from yearly and daily exposure combined with age. The
volunteers were tested using a series of neuropsychologic tests
and a computer-tased electroencephalcgraphic technique. Blood
was drawn for pesticide residue analysis and for plasma ChE
activity determinations. The results indicated that extent of
chronic exposure does have definite gquantifiable effects ugon
apparently asymptomatic individuals. Length of exposure to high
levels of OP pesticides was significantly related to deficits in
performance on Part B of the Trial Making Test and on the Bender
Visual Motor Gestalt Test. Both tests have been reported toc be
indicators of brain dysfunction. However, insufficient criteria
exist to permit correlation of subtle, reversible alterations in
brain function with the health of the worker. There were no
significant relationships between length of exposure and deficits
in performance on the Tactual Performance Tests.

Metcalf and Holmes [116] used EEG techniques, psychiatric
interviews, visual and auditory evoked response tests, ard
physical examinations to measure response to pesticides. They
found more cases of nervousness, changes in memory and sexual
activity, problems in sleeping, and easy fatigability in persons

exposed to OP pesticides than in the control group.
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Dille and Smith [ 117 ] reported that two pilots employed in
spraying OP pesticides suffered acute poisoning symptoms and
later showed symptoms of severe depression and anxiety. The
abnormal EEG of one pilot persisted for & months. The authors
attrituted the ©psychiatric symptoms to the effects of chronic
exposure to OP pesticides.

Gershon and Shaw [44 ] discussed the psychiatric sequelae
seen in four workers following chronic exposure to OF
insecticides. The individuals involved ;ere a scientific field
officer employed in <checking the efficacy of OP insecticides,
including parathion and malathion, a greenhouse technician
exposed to parathion, malathion, and other pesticides, a
horticultural technical officer exposed during spraying of an
unspecified pesticide, and a farmer exposed to malathion and
other insecticides. Each had experienced symptoms of acute OF
poisoring at various times prior to the detection ¢f nsychologic
alterations. Depressive and schizophrenic reactions were
observed 1in the four individuals. The authors [44 ] hypothesized
that these effects were quite possikly caused by the action of CE
compcunds on brain ChE. However, other 1investigators have
questioned whether the reactions described had any direct
relation to ChE inhibition by OP compounds [ 45,46 ].

(c) Reproductive System Effects

Recently, several reports have appeared of chemically
induced, occupatiorally related infertility in males. Four of
five members of a farm worker crew who had intensive occupational

exposure to a wide variety of pesticides complained of impotence,
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according to one report [118]. The pesticides used included OF

and C€C compounds, triazines, carbamates, dipyridyls, and
dithiccarbamates. 211 complained of difficulty in achieving and
maintaining an erection. Normal function returned between 2

months and 1 year after cessation of exposure in all the workers.
There was no neurologic deficit in any of them and no loss of
libido. Oligospermia was reported in some workers poisoned by
Kepone (CW Heath, Jr, written communication, January 1976).

Most recenély, reports have associated
1,2~dibromo-3-chloropropane (DBCP) with infertility among workers
[119]. Since the early 195)'s, the fumigant DBCP has been used
worldwide to control parasitic worms that attack the roots of
various fruit, vegetable, and cotton plants. In July 1977,
Whorton et al [119,120] investigated worker infertility in 145
employees at a major chemical company. Approximately 45% of the
workers tested had sperm counts less than 40 million/ml. For
this study, the authors considered normal sperm counts to be 40
million/ml or greater [120']. There also appeared to be a direct
relationship between exposure duration and sperm count. Workers
with sperm counts of 1 million/ml or less had been exposed for at
least 3 years. No worker whose sperm count exceeded 49
million/ml had been exposed for more than 3 months. Others
exposed who were not azoospermic had reduced spermr motility and
increased abnormal sperm forms. Similar tests conducted by two
other major chemical companies on their dibromochloroprogane
(DBCP)-exposed employees revealed sperm counts of 1less than 29

million/ml in 55% of one group and in 18% in another group [120].
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One factor under consideration is the significance of duration
and 1intensity of exposure. Although all severely affected
individuals were, or had been, production workers for at least 3
years, the shortest time of exposure associated with oligospermia
was only 1 year [119]. 1Interestingly enough, DBCP concentrations
in the workplace air of affected workers were below the
recomrended 1 ppm airborne levels. levels of 0.3-0.4 ppm were
measured at one plant during May and July of 1977 [129]. Another
important gquestion yet to be answered completely is whether the
infertility is reversible. Some return of 1low sperm counts
toward normal after discontinuance of exposure to DBCP has bheen
reported recently [121].

(d) Hepatic Effects

Effects on the liver have been reported for a number of
pesticides 1including aldrin/dieldrin and endrin [122,123], 2,4-D
{1243, copper sulfate [125], and organotin compounds [126, 127 ].
The reported effects range from stimulation of hepatic microsomal
enzyée activity [122,123] to severe pathologic damage [126,127.

Toxicologic studies in animals have indicated that DDT and
most other chlorinated hydrocarbon insecticides have caused liver
damage if the dosage was sufficiently high and the exposure
prolonged [ 2]. Actual reports of liver damage in humans have not
been found, however. This may be due to the fact that early or
moderate liver damage is difficult to detect in humans without
histopathologic studies.

Microsomal enzyme induction by endrin has been observed.

Hayes and Curley [122] performed tests on men employed in a
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factory where endrin, aldrin, dieldrin, and certain OP compounds
were manufactured. VWorkers engaged in the manufacture of endrin
had increased activity of hepatic microsomal enzymes. Hunter and
Robinson [123] assessed hepatic microsomal enzyme activity of
workers engaged 1in the manufacture of pesticides by measuring
changes 1in the urinary excretion of ©D-glucaric acid. Men
employed in the manufacture of endrin alone had greater
D-glucaric acid excretions than workers exposed to either aldrir
or dieldrin. Low 1,1-dichloro-2,2-bis(p-chlorophenyl)ethylene
(DDE) levels found in endrin wcrkers also suggest enzyme
induction, since DDE is metabolized by microsomal enzymes. A
significant inverse relationship between the blood DDE level and
urinary D-glucaric acid excretion is further evidence that these
two changes are related to enzyme induction.

Bashirov [124] examined 50 individuals engaged in the
manufacture of the amine salt and butyl ester of 2,4-D. Liver
function was evaluated by a broad range of tests. The sarme
analyses were corducted in 29 control subjects with no known
exposure, Various 1liver dysfunctions were found among the
exposed group including a decrease in wurinary hippuric acid,
changes in albumin formation, a decrease in the albumo-globulin
coefficient, a decrease in the prothrombin index, a decrease 1in
blood sugar levels, changes in the characteristic glycemic curve,
and tilirubinemia. These were more pronounced in workers with
longer exposures to these herbicides.

In the methyl bromide poisoning cases reported by Hine

[112], some 1livei damage was reported. A forklift operator
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resporsible for transferring boxes of almonds in and out of the
fumigation chambers of a nut-processing facility developed
jaundice 3 months after the start of his fourth season of
employment. Liver function tests were abnormal and he had
clay-colored stools and dark urine. He changed jobs, and 2 years
later, liver function studies were normal. Two other workers,
who died, had signs of liver changes. One had moderate fatty
infiltration of the liver on autopsy, and the other had ar
elevated serum glutamic oxalocacetic transaminase ({SGOT) durirg
his terminal illness.

Pimentel and Menezes [ 125] reported on three individuals
who were exposed while spraying vineyards with a solutiorn of
copper sulfate neutralized with hydrated lime (Bordeaux Mixture)
for rtrrevention of mildew. Exposure varied, but in one case was
as long as 12 years. 211 three individuals showed similar
hepatic changes at autopsy or biopsy, including proliferation and
diffuse swelling of Kupffer cells and formation of well-defired
histiocytic or sarcoid-type granulomas containing copper.

Liver damage has been attributed +to the fungicide,
Brestan-60, which 1is «composed of 60% triphenyltin acetate, 15%
manelt, and 25% water. Horacek and Demcik [126] described liver
damage 1in a Czechoslovakian spray-plane pilot who had teen
exposed to the fungicide Brestan-60 and other pesticides. One
pilot developed indigestion and severe diarrhea after working
with Brestan-6) for an unstated time. He continued to work for
several days while experiencing severe heartburn and dryness of

the mouth which was not relieved by drinking large amounts of

105



fluid. After about 1 week, his vision was affected to the extent
that he <could only make out the outlines of nearby objects.
About 2 weeks after the onset of the initial symptoms, he had an
enlarged and very tender liver and was subsequently hospitalized.
Liver damage was confirmed by biopsy and microscopic examination,
which showed increased collagen, moderate round cell
infiltration, and slight portal and periportal fibrosis 1in the
edges of the affected portal biliary areas; also, there was
evidence of hepatocyte regeneration. Elevated serum glutamic
pyruvic transaminase {SGPT) values returned to normal following
dietary and insulin treatment for diabetes and vitamin and
steroid therapy to improve the liver condition. Eleven months
later, biopsy revealed active regeneration of the damaged 1liver
parenchyma, and apart from a slight clinical enlargement of the
liver, recovery was complete.

Another case of liver damage due to Brestan was reported
[127] for a Yugoslavian formulator who had spilled a solution of
the fungicide on his hands and chest while 1loading a plane.
Redness of the skin on his chest and abdomen appeared within 3
hours and was followed the next day by the appearance of vesicles
the size of wheat grains. He complained of dizziness, headache,
epigastric pain, nausea, and fatique. Upon hospitalization, his
SGOT and SGPT values were elevated. Within 1 month, his SGOT
value had increased to 150 units (U) and his SGPT to 575 units,
respectively; and he corplained of pain in the right
hypochondrium, 1ie, over the liver. The normal ranges for these

values are 8-33U0/ml for SGOT and 1-36U/ml for SGPT [56]. Two
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months after exposure, clinical examination reQealed tenderness
of the liver and enlargement to two fingers' breadth below the
costal margin, resulting in a diagnosis of liver damage. At this
time SGOT and SGPT values were 94 units and 196 units,
respectively. Continued deterioration over the next 2 years led
to a diagnosis of chronic hepatitis.

(e) Renal Effects

Effects on the kidney have also been observed in pesticide
workers [128-133]. These effects range <€from depression of
creatinine clearance and phosphate reabsorption [131] to severe
tubular degeneraticn [128].

Davay [ 128] reported kidney damage in a worker exposed to
methyl bromide during its manufacture. The worker was exposed
during a shift when methanol and 1liquid bromine were being
refluxed. He worked for 3 hours within a radius of about 12 feet
from the sampling and filling valves near the receiving vessels.
Findings revealed that methyl bromide apparently escaped from an
open sampling valve which the worker noticed and closed. Three
hours later he developed nausea and vomiting. Within 59 minutes,
the vemiting increased in frequency and severity until the worker
lost consciousness and went into convulsions. Following
hospitalization, urinalysis revealed albuminuria indicating the
possibility of cloudy swelling and/or tubular degeneration of the
kidneys. 1In spite of hemodialysis and peritoneal dialysis, the
worker's condition deteriorated and his renal function did not
improve. Death occurred on day 18 from respiratory failure as a

result of severe injury to the CNS and kidneys.
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Strunge [ 129 ] reported renal damage following exposure to a
mercury fungicide, methoxymethyl mercury silicate, in a
6J)-year-old man who had worked for 5 years as a bagger and
cleaner for a firm that disinfected grain. He used no
precautions and smoked and ate at his workplace. He was admitted
to the hospital with edema of the genitals and lower lirts.
Cholesterol, urinary protein, erythrocyte sedimentation rate, and
alpha-2-globulin were elevated, and serum protein and albumin
were low. Renal biopsy before treatment showed slight fibrinoid
changes in the lasement membrane and Bowman's capsule 1involving
all glomeruli. He responded to steroid treatment and was
discharged with diagnosis of nephrotic syndrome probaktly
secondary to the mercury fungicide.

Morgan and Roan [130] reported a study of renal function in
65 persons occupationally exposed to pesticides. The group
included 24 formulators and applicators of agricultural
pesticides, 18 pest control operators, and 23 controls. The
agricultural pesticides 1included DDT, toxaphene, parathion,
phosdrin, and a variety of other OP compounds. These workers had
an average of 10 years exposure. Among the pest control
operators, the average experience was 7 years With exposure *to
lindare, chlordane, dieldrin, and other carbamate and OP
compounds. Controls had nc more than the ordinary househcld
exposure to pesticides. Prior to this study, 14 of the
formulators had been poisoned by pesticides, 12 requiring sore
hospitalization. None of these workers had Leen symptomatic

during the 6 months preceding the test.
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No differences were noted in creatinine clearance, tulkular
reabsorption of rhosphate, amino acid nitrogen, osmolality, or
free water clearance among the exposed groups. Plasma uric acid
was lower in the agricultural group, and uric acid clearance was
lower and resorption higher in the pest control group. No
correlations were found between any of the variables and duration
of erployment.

Begley et al [131] cited a study of 18 workers exposed to
pentachlorophenol (PCP) at a wood treatment plant. Blood and
urine samples were taken from each worker on the morning of the
last workday prior to a 20-day vacation, and on the mornings of
the 3rd, 6th, 13th, and 20th days of the vacation, PCP
concentrations in the blood averaged 5.1 ppm before vacation,
falling to 2.2 ppm by the end of the vacation. Blood
concentrations correlated with observed renal function
mea surements, which were initially abnormal but later returned to
normal values. Creatinine clearance and phosphorus reabsorption
values were depressed before vacation but showed significant
improvement during vacation, suggesting that PCP exposure reduced
glomerular filtration rate and depressed tubular function.
Recovery followed a nonexposure period.

In 1966, Mann et al [132] studied kidney function in 73
spraymren and formulators occupationally exposed to various
unspecified pesticides. Kidney function tests included phosphate
reabsorption, urinary titratable acid, ammonium excretion after
loadirg, and concentrating ability. Significant decreases were

found in the renal function of pesticide workers compared with
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those of an unexposed control group. The authors stated that
chronic exposure to pesticides can result in multiple,
potentially irreversible, renal tubular dysfunctions which
increase with duration of exposure.

In studies with human volunteers [105] at a New York State
prison, daily doses of 0.012 mg/kg carbaryl for up to 6 weeks
were found to be associated with a lowering of the urinary armino
acid/creatinine ratio which lessened after discontinuance of the
daily doses of carbaryl for 15 weeks. This change suggested that
cartaryl in +this daily dose decreased kidney reabsorption of
amino acids.

Tocci and associates [ 133] found indication of changes in
kidney and 1liver function in persons occupationally exposed to
unspecified pesticides. Changes in the functions of these organs
were detected by measuring the SGOT, serum alkaline phosphatase
(SAP), and creatinine concentrations. Sixteen percent of the
study group showed evidence of damage to renal tubules.

(f) Dermatologic Effects

In 1975, 436 cases of skin 1injury due to exposure to

pesticides were reported [29] in California. The pesticides

implicated included: malathion, diazinon, omite, paraquat,
chlordane, and difolatan. Dermatitis was a major cause of
occupationally related visits to physicians. Exposure to

pesticides resulted in primary irritation [53,134-138] or
sensitization [ 139-141]. Primary irritants caused dermatitis by
direct action on the skin.

A particularly severe skin problem associated with
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pesticide exposure 1is chloracne, which 1is characterized by
acne-like eruptions [ 134]. Following exposure, a jelay of 6-8
weeks typically occurs before the disease 1s manifested, and once
established, recovery may take years. This skin disease among
employees of pesticide producers was first observed during the
1959's in workers at a German herbicide manufacturing plant and
was caused by TCDD, a contaminant of some <chlorophenol
pesticides.

Twenty-nine subjects in a 2,4-D and 2,4,5-T manufacturing
plant 1in Newark, New Jersey, developed chloracne [135]. 1In
addition to <chloracne, many of the workers also showed
hyperrigmentation and increased skin fragility suggestive ¢€ the
superficial lesions of porphyria cutanea tarda symptomatica.
Poland et al [136] reexamined all of the employees of the same
factory several years later after the level ¢of TCDD in the 2,
4,5-trichlorophenol had been reduced from 10-25 mg/kg to less
than 1 mg/kg. They found chloracne in 13 of 73 workers.

The International Agency for Research on Cancer (IAEC)
reported a 1949 accident which affected 288 people at the 2,4,5-T
producing plant of the Monsanto Chemical Company in Nitro, West
Virginia [54]. Signs and symptoms included chloracne, melanosis,
muscular aches and pain, fatique, nervousness, and intolerance to
cold.

In 1976, an explosion in a chemical factory in Seveso,
Italy, resulted 1in the release of a vapor cloud of 2,4,5-T and
TCDD [137]. As a result of this explosion, an area inhabited by

some z,000 people was contaminated. The presence of TCDD was not
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immediately known, so evacuation of the affected area did not
begin for over 2 weeks. The first signs of skin trroblems were
seen 1in local children several days after the explosion. Aniral
deaths were also reported. As time progressed, more than 577
people were treated for poisoning. An unspecified number of
these individuals developed chloracne as a result of the TCTD
exposure.

In addition to TCDD-contaminated pesticides, several other
kinds of pesticides and their intermediates have been associated
with chloracne. Taylor e* al [138] reported 41 workers who
developed chloracne as a result of exposure to
J,4,3",4'-tetrachloroazoxybenzene (TCAB) during the manufacture
of the herbicide 2- (3,4-dichlorophenyl) -4 -methyl-1,2,4~
oxadiazolidine~3,5-dione. In most of the workers, the chloracne
appeared during their first 2 months of employment, but varied
overall from 1 week to 8 months. Family members of four workers
also developed <chloracne, probably due to contaminated work
clothes or tools being carried home.

Deeken [134] reported six cases of chloracne fror
occupational exposure to 2,6-dichlorobenzonitrile (dichlobenil).
Those involved were exposed either during dumping of dichlobenil
powder into a slurry during formulation or during bagging of the
final product. The lag-time between initial exposure to the
compound and the development of the acneiform erugptions varied,
ranging up to 5 months. The eruption generally consisted of
several hundred open pinpoint comedones. No acne cysts were

observed. As long as exposure continued, response to the usual
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forms of treatment was poor. Cnce contact with dichlobenil was
stopped, improvement occurred.

A variety of other skin reactions have been reported 1in
response to pesticides [ 142-145]. Kazen et al [142] studied a
termite control operator who had habitually used his left hand to
protect his face while he sprayed chlordane and aldrin with his
right hand. The man subsequently developed a severe dermatitis
of the left hand.

Brown [ 143] reported "skin flushes" or sudden reddening,
usually of face and forearm, in 17 employees of a
triazapentadiene manufacturing plant. The flushes were reported
to last from an hour to a couple of days and usually occurred
after the consumption of alcohol.

Radimer and colleagues [144] presented four cases of
epidermal necrolysis in individuals whose homes were fumigated
with a mixture containing acrylonitrile and carbon tetrachloride.
The first evidence of skin disease appeared 11-21 days after
their initial exposure to the fumigant. The skin condition was
characterized by patches of intense tender erythema that rapidly
progressed to huge blisters that opened. Three of the four
patients were adults and they died from shock and/or
gastrcintestinal bleeding.

Bisby and Simpson [145] reported a case of dichlorvos
poisoning manifested by an acute skin reaction in a male pest
control operator who had worked with pesticides for more than 9
years. One month earlier, he noticed a slight burning sensation

of the skin after contact with dichlorvos. The skin was washed
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with no further 1ill effect. The poisoning episode occurred
during the routine spraying of a 1% solution of dichlorvos. Some
of the chemical leaked onto the operator's shoulder and slight
local irritation occurred. The coperator stopped, put on clean
overalls, placed a plastic sheet between the spray unit and his
back, and completed his work, all without washing. During the
day he noticed increasing local irritation and turning of the
contamirated area, and at the end of his shift, excessive
tiredness. Three days later he had extensive areas of erythera
and tullae typical of acute contact dermatitis. ChE activity
levels were extremely 1low indicating severe systemic OP
poiscning. There were no other signs of clinical abnormalities.
Exposure to pesticides was avoided, recovery was uneventful, anrd
the patient returned to work after a month of rest.

Several pesticides have raused skin hypersensitization, an
allergic reaction, in humans [ 139-141]. Patch *tests are often
done to determine whether a suspected compound is the sensitizer.

Edmundson and Davies [139] reported occupational
dermatitis in four workers exposed to naled while cutting
chrysanthemum plants. The women involved had been doing this
type of work for from 1 month to 9 years. On the day of the
incident, the field in which they were working had been sprayed
with a mixture of naled, captan, and dicofol, and some of the
plants were still wet with the solution at the time of cutting.
While in the field, all four<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>