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I. INTRODUCTION

The Occupational Safety and Health Act of 1970 (PL-91-596) was enacted to
"apsure safg and healthful working conditions for mern and women.” The Act
established the National TInstitute for Occupational Safety and Heglth (NIQSH)
in the Department of Health and Human Services, NIOSR was charged by this Act
(Sections 2 and 20) with the duty and responsibility to conduct tresearch and
develop gulidance for preventing or reducing exposure of workers to harmful
chemical and physical ageants. In response to this legislatlve mandate, NIOSH
has conducted major programe to document, develop, and disseminate information
regarding the health effects of such agents. To complement these ougolng
prograns, NIOSH has imetituted a major effort to prevent occupationel health
and safety problems through the assessment and application of hazard control
technology in the workplace.

Two of the main policy objectives of this Federal Act are to:

¢ Encourage employers and employees 1ln their efforts to reduce the
number of occupatiorpal safety and health hazards at their places
of employment; also, to stimulate employers and employees to both
institute new control techniques and to perfect existing programs
for previding safe and healthful working conditiorns.

0 Provide for research in the field of occupational safety and
health with a view to developing innovative methods, techniques,
and approaches for dealing with occupational safety and health.

The Institute's Division of Physical Sclences and Engineering is now
conducting a study titled "Occupational Hazard Control Optiomns for Chemical
Process Unit Operations.” Dbjective is to obtain and disseminate information
on primciples, equipment, and technigues employed in the chemical processing
Industries to succesafully minimize or eliminate worker exposure to hazardous
compounds, This project is being conducted by NIOSH personnel on an in-houge
basis.

Preliminary site visits are made to a number of chemical processing facilities
to obtain information on effective control technology. NIOSH definea control
technology &8 encompassing not only engineering contrels, but also work
practices, monitoring, and use of personal protective equipment. In most
processing situations, optimum contrel will normally include application of
all four means, but the emphasis on each will probably vary from situation to
situvation. Later, ino-depth studies, which may include area and personal
monitering and monitoring of emission sources for specifiec materials, are
condueted on a wminority of these facilities--gselected on the baais of the
effectiveness of contrels observed during preliminary site visits,

The reports from these surveys are the basis for preparing technical reports
and journal articles on effective hazard control measures. The information
from these research activities bullds the data base of publicly available
information on hazard control technfques for use in preventing occupational
exposure to hazardous chemicals,



A preliminary survey of the USS5 Chemicals Division, Haverhill, Ohio, site was
performed by the Dynamac Corporatiom on June l4th and 153th, 1982, At that
time, the project was under contract and the preliminary survey report (issued
July 12, 1982) was prepared by Dynamac personnel. Mr. Van Wagenen, NICOSH, was
present during this preliminary survey, which covered the entire site;
separate outdoor facilities for producing (1) oxo alcohols, (2) phenol and
acetone from cumene, (3) bisphenol—-A, and (4) amiline.

With expiratlion of the Dynamac Corporatlon contract in late FY 1982, the
investigation has been continved as an in-house NIOSH project. This in-depth
survey was conducted by DPSE Division persounel.



IT. SUMMARY

A. Gemeral Site Description

Thie large processing site (Figure 1) is one of the USS Chemicals Division
chemical processing sites which provide approximately 1.5 billion dollar sales
for the parent corporation, U.5. Steel, It is located adjacent tec the north
bank of the Ohio River at Haverhill (near Ironton, Chio) and encompasses 365
acres. Of these, about 125 acres are occupiled by separate cutdoor processing

facilities for five different chemicals and the remaining acreage leased as
farmland.

Figure 1. Haverhill Site (Haverhill, Ohio — oa Ohio River)
USS Chemicals Division
U.8, Steel Corporation

The site was developed in 1961 as a joiat wventure of Amoco and Pittsburgh
Chemical Company. These original owners installed a facility for making Oxo
alcohols from alkenes in 1%62, USS Chemicals purchased the site and its
existing processing faclliities 1n 1965. The polystyrene unit had been shut



down permanently prior to the preliminary visit of June 1982, The Oxo alcohol
facllity, operating during the preliminary wvisit, was permanently mothballed
prior to this June 1984 in-depth survey. The processing facilities imstalled
by US5 Chemicals Division since 1965 and now operating are:

1. Fhenol and Acetone ¥From Cumens

Phenol 1 (cumene and oxygen reactants) 1969

Phenol II (cumene and oxygen reactants) 1979

_ phenol approximately 520 mm pounds yearly
Rated capacities acetone approximately 325 mm pounds yearly

2. Bisphenol-A

(phengl and acetone reactants) 1980
Rated capacity -~ bisphenol-A approximately 120 mm pounds yearly

3. Aniline

(ammonia and phenol reactants) 1982
Rated capacity — aniline approximately 200 mm pounds vearly

Figure 2 demonstrates the laterrelationship of the raw materials and finished
products and the wvertical integration within the site, During the recent
recession, natiomal phenol consumption and prices were so reduced that a
number of producers dropped out of the business; companies having substantial
internal wusage of phenol, fared better. Today, the Hawverhill phenol
production is split approxipately 50-50 between internal usage and bulk sales

to cutside customers, VUSS Chemicals is considered the largest phenol merchant
producer in the V.S.
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Figure 2. Raw Materlals and Products
USS Chemicals, Haverhill, Qhio



All procepsing facllities operate on continvous 24~hour, 7-day-per—week, and
50~-51l—week-per—-year basis with four crews rotating to handle three 8-hour
shifts. Currently, +this =site has approximately 220 employees (all
non—union}. Site maintenance I8 performed by an outside contractor,
Catalycic, Ine. Each chemical productiocn facility has its own separate repalr
and maintenance building wmanned by these maintenance personnel. The
approximately 80 unionized maintenance personnel are a very stable, long-term,
and experienced maintemance group, Catalytic, Ine. being the malntenance
contractor since site startup in 1961-62.

The majority of both raw materials and finished products are veceived and
shipped in bulk by barges, rail cars, and tank trucks. Barge service, via the
Ohio River, is an important feature of the site opergtior (discussed in detsail
later). Barge operations are handled by an independent contractor, using USS
Chemicals operating personnel to assist in a number of loading and unloading
situaticns., Pipelines run 1 mile from the waxicus facilities to the riverside
barge terminal (Figure 1). All barge operations are conducted in accordance
with U.S. Coast Guard regulations. A railway spur gives access to the nearby
railroad right of way. A company trackwmobile moves rail cars within the site
complex. Fasy access to U.S. Highway 52 and the flat terrain assist tank
truck tramsport, The only sizable non-bulk material handling in the encire
gite 1is the packaging of bisphenol-A prilis. Fifty-pound net multiwall
polyethylene~lined bags are filled and palletized for shipment, plus special
2,000-pound flexible palletized containers,

Process steam Is generated onsite by bodilers adapted to using oil, gas, and
coal as fuel. The gite also has a large experimeatal solar unit for steam
generation. This industrial test unit was primarily funded by the U.S.
Department of Energy.

In lieu of a full—-tiwme industrial hygleniat, laboratory personnel have been
trailned and are performing industrizl hygiene sampling under the directlon of
the Corporate Senior Envirommental Health Engineer (based at the Pittsburgh,
Peaneylvania, corperate headquarters). There is a well-equipped fire and
safety department with a fire ©brigade of site operators manning a
foam~equipped fire engine. The safety department has an agreement with the
local Green Township for both fire and ambulance assistance service as
necegsary, but has rarely used the same.

There is no in—house medical or nursing staff. A number of Safety Department
personnel gare qualified emergency medical technicians (EMT) and cperate a
rescue and first aid squad. Yearly physical examinations are provided to all
hourly personnel via an area medical van unit coming to the Haverhill site.

US55 Chemicals provides all the safety equipment and personal protective
equipment required by the company safe job procedures. This varies among the
production £facilities depending on the nature of the chemicals to which
personnel may be exposed.

Group safety meetings of facility supervisorg and foreman are held monthly.
Foremen discuss safety and operation information with each shift crew on =a
weekly Dbasis, The shift crews are sometimes called in early for these



meetings which are held prior to taking over operation from the outgoing
shift. At this site, employlng satisfactory work practices basically means
practicing the Safe Job Procedures oautlined for the various gpecific jobs
within each facility. A good 1ndication of management follow-up on work
practices and concern for safety and occupational exposure to hazardous
chemicals 1s the general state of both site and 1individual facility
housekeeping. Compared to other chemical installations previously wisited,

Haverhill housekeeping is rated as very good. i

To protect the customers and users of their products, USS Chemicals supplies
material safety data sheets (MSDS) anrd product technical information
brochures. These are an excellent source of chemical usage and health hazard
information.

B. NIOSH Activities, Including Sampling, During this Ian-Depth Survey

Five days were occupied in both observing and discussing chemical processing
operations and exposure hazards In the phenol/acetone, bisphencl-A, and
aniline facilities. Personal and area exposure samples were taken 1in
cooperation with company persounel. Specific subjects covered in discussions
with USS Chemicals personnel were general engineering controls, quality
control and product sawmpling, equipment seallng and gasketing, equipment
selection, equipment decoatamination procedures, maintenance mangement and
practices, safety and medical programs, job training and work practices, and
monlitoring. Personal and area samples {(tzken near potential emission points)
were abtainmed in both Phenol T and IT units. Tank car loading of phenol and
aniline were also subjects of short—term sampling. Many of these samples were
duplicated by USS Chemicals perscunel. Mr. Stockton furnished NIOSH with a
detailed gsummary of the industrlal hygiene sampling results previously
obtained on the currently operating Haverhill facilities by corporation
personnel over the period 1976 through 1982, Additionally, Mr. John R.
Weinert, USS Chemicals Division Manager of Envirommental Engineering, provided
a copy of a comprehensive survey of the aniline wmanufacturing operaticn of the
five American aniline producers. This industry report ({(August 8, 1983) was
prepared by the Synthetice Organic Chemical Manufacturing Association, Inc.
{(SOCMA) Iin response to EPA Toxic Substances Control Act (TSCA) Section 4
activities, These industrial hygiene exposure resulte will be discusged 1in
detall later under the Individual chemical products sections, Unfortunately,
industrial hygiene exposure results could not be obtained by NIOSH in either
the bisphenol-A or aniline facilitles. Corrosion Induced failure of a major
heat exchanger in the bisphenol~A facdlity forced a production shutdown for
equipment replacement. For the aniline facility, completely filled finished
aniline storage tanks plus a temporary dearth of company dedicated tank cars
necessitated production stoppage. This latter occurrence emphasizes the need
for any chemical proceasor to be able to track dedicated tank car locations in
order to shorten turnaround time and aid speady return.

C. Brief Description of Haverhill Site Chemical Procesalng and Hazardous
Chemicals

This section provides a brief summary of the chemical reaction steps ocecurring
in the various operating facilities and the hazards of the raw materials,



intermediates, and finished products handled in each facility. Occupational
exposure hazard limits shown are OSHA 8-hour permissible exposure limits
(PEL). Subsequent individual facility discussions provide more detailed
information.

1. Phenol/Acetone From Cumene Facility

In two parallel phenol production units (identified as Phemol I and II),
cumene 1s oxidized with compressed air to form cumene hydroperoxide. The
hydroperoxide is cleaved with sulfuric acid te provide crude phenol, acetone,
and by-products {(alpha methyl styreme (AMS) and acetophenone). Finally, a
complex series of fractionations provides high quality phenol and acetone for
either captive use in making bisphenol~-A and aniline or for bulk sale. The
following hazard information covers the raw material, intermediates, and
product chemicals handled in this facility:

Table I

Hazards and OSHA Limits for Chemicals in Phenol/Acetone From Cumene Facility

OSHA-PEL Flash Pt,
Chenical (8-hour TWA) (°F) Hazards
Cumene 50 ppm {skin) 111 Eye and skin dirritant,
respiratory damage,
fire and explosion
Cumene hydroperoxide No limit 175 Similar to cumene
Sulfuric aecid 1 ng/m3 NA Eye and skin burns,
respiratory damage
Sodium hydroxide (Sol'n) 2 mg!m3 NA Eye and skin burns,
respiratory damage
Sodium bicarbeonate (Powder) No 0SHA limit NA Skin and eye Irritant
ACGIN*
nulzance dust
(Respirable)
5 mgfm3
Phenol 5 ppm (Bkin) 175 Eye aud skin burns,
resplratory damage,
fire at high temp.
Acetone 1,000 ppm -4 Fire and explosion
Alpha methyl styrene {AMS) 100 ppm 129 Eye and respiratory

irritant,
fire and exzplosion

* American Conference of Govermmental Landustrial Hyglenists Thresheld Limit
Value (TLV)



2. Bdisphenol-A

Bisphencl-A (BPA) 1is produced by the catalyzed exothermic reaction of high
purity phenol and acetone (using a large excesa of phenol) in a sequential
series of agitated reactors. After the reaetion 1is completed, the HCL
catalyst 1s stripped from the BPA/phencl reactlon mass, concentrated, and
recycled back to the reactora. BPA is separated from the stripped BPA/phencl
mags by crystallization. The crystals are separated, then melted, stripped of
phenol, and finally solidified into finished product prills in a huge prilling
tower, The following hazard information covers the raw material and product
chemicals handled in this facility:

Table II

Hazards and OSHA Limits for Chemicals in Bisphenol-A Facility

OSHA-PEL Flash Pt.
Chemical (8-hour TWA) (°F) Bazards
Phenol 5 ppe (skin) 175 Eye and skin burans,
respiratory damage,
fire
Acetone 1,00¢ ppm ~4 Eye and skin irritant,
Fire and explosion
Hydrochloric aecid 5 ppn NA Eye and Skin burns,
respiratory 1lrritant
Bisphenol-A Ko O5HA limit NA Skin and eye irritant,
ACGTH* fire and explosion
nulsance dust
(respirable)
5 mg/m3

* American Conference of Govermmental Industrial Hygienists Threshold Limit
Value (TLV)

3. Aniline

Aniline is produced bty a high-pressure catalyzed reactiom of phenol with
ammania. This proprietary process does not (1) require catalyst regeneration,
{2) produce by-product sulfuric acid, or (3) pose the health hazards of
handling henzene, as does the standard reaction of benzeme and nitrie acid to
form nitrobenzene with subsequent hydrogenation to aniline. The following
hazard Information covers the raw material and product chemicals handled in
this facility:



Tahle II1I1

Bazards and OSHA Limits for Chemicals in Aniline Facility

0SHA-PEL Flash Pt,
Chemical {8-hour THA) (°F) Hazards
Phenol 5 ppm (skin) 175 Eye and skin burns,
regpiratory damage,
fire
Ammonia 30 ppu RA Severe irritant of

eves, skin, and
respiratory tract

Toluene 200 ppm 39 Eye and respiratory
irritant
Diphenylamine No OSHA limit 307 Similar to aniline
ACGTH#—-10 mgfm3 but less severa
Aniline 5 ppm (skin} 158 5kin absorption to
ACCIH-2 mg/m3 give blood cell damage,
(Skin) fire and explosilon

* Amerjcan Conference of Governmental Industrial Hygieniste Threshold Limit
Value (TLV)

Diphenylamine (DPA) is a by-product of the aniline making reaction. When low
aniline sales occurred during the late recessglon, diphenylamine was
manufactured in the later stages of the anliiine facility by reacting aniline
with phencl under optimum conditions for diphenylamine output.

B. Haverhill Site General Control Technology

1. Principles of Control

QOccupational exposures can be controlled by the application of a number of
well-known means, including engineering controls, work practices, personal
protective equipment, and mouitoring. These means may be applied at or near
the hazard source, to the general workplace environment, or at the point of
occupational exposure to individuals. Controls applied at the source of the
hazard include engineering controls (material substitution, process/equipment
modification, isplation or automation, local ventilation) and work practices.
These are generally the preferred amd most effective means of control in terms
of both occupational and envirommental concerns., Coantrols which may be
applied to hazards that have escaped into the workplace environment include
dilution wventilation, dust suppression, and housekeeping. Control measures
may also be applied near individual workers, 1ncluding the use of remote



control rooma, 1solation booths, supplied-air cabs, work practices, and
pereonal protective equipment,

In pgeneral, a system comprised of the above control means is required to
provide worker protection under conditions of process upset, failure, andfor
maintenance, as well as during normal operating conditions. Process and
workplace monitoring devices, personal exposure monitoring, and medical
monitoring are 1mportant mechanisms for providing feedback concerning
effectiveness of the controle lo use., Ongoing monitoring and maintenance of
controls to ensure proper use and operating conditions and the education and
comnitment of both workers and management to occupational health are alse
important Ingredients of a complete, effective, and durable contrel system.

In the various Haverhill site facilitles, occupational exposure 1s most likely
for the workers involved with tank car or truek loading, process and quality
control sampling, equipment disassembly and decontamination, laboratory
analysis, and process control instrumentation repalr and wmalotenance, Hazard
controls successfully employed will he discussed under the following component
headings: engineering controls, training and work practices, monitoring, and
personal protective equipment. 1In this summary section, controls which are
generally applied in all site facilities will be discussed; while control
measures more specific to each individual facility will be detailed in later
individual facility secticens.

2. Engineering Controls

The engineering control principles of isclation and automation are employed
here. Extended spacing of the wvarious outdoor procesaing facilitifes is
combined with all-weather process design and construction., The only enclosed
processing bulldings ec¢omprise the bisphenol-A packaging and warehousing
operations and the ventilated and positively pressurized control stations for
each of the three facilities. The degree of automation is high throughout the
site, particularly with the newer Phencl II and aniline facilities which
utilize sophisticated computer control of procesaing operations. Operators
are both few in number and spend a substantial share of their working hours
ingide the contrel buildings. Also, occupational exposgsure over 8-hour work
ghifts is substantially reduced both by the open air processing setup and the
fact that all the chemicals present in the site, other than acetone and
toluene, have rvelatively low volatility. Since airborne contamination is a
function of volatility, these chemicals do not generate, at amblent
temperatures, the emission levels of wolatile chemicals. Several major site
eniasion control improvement projects have been completed to meet EPA ambient
alr econcentration limits.

The engineering control principle of material substitution 1is exemplified by
the choice of the rvroute for making anilire; the use of the hipgh-pressure
reaction of phenol with zmmonia rather than the usual bhanzene reaction with
nitric acid to form nitrobenzene followed by hydrogenation to aniline. Thus,
use of benzene, a known carcloogen, was avoided. Whilile the cholce of this
processing route was influenced by the 1nternal economic advantages, other
producers may make a similar cholce when aniline production expansion occurs.
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Process equipment modification 1s typified by the bisphenol-A facility.
Important equipment improvements have reduced malntenance requirements, and
extended the useful life of specific equipment 1itemg, The results have heen
reduction in frequency of repair-and-turnaround needs, reduced unit production
coste, and improved product quality., Such modifications inelude (1) providing
gravity flow (bisphenol-A facility) between a sequential =series of reactors
(thus elimipating pumping requirements), (2) use of more corrosion resigtant
materials in some equipment (Incoloy® 800 and E~-Brite® replacing Type 304 and
316 stainless steels), (3) using Teflon®-lined pipes and agitators to minimize
corroslon, and (4) replacement of origimal pump, agitator, and flange =seals
and gaskets with equivalents made of more effective materials.

Because of the continuous ogperating schedules, most site pumps are spared.
The choice of pump seals depends on the particular service. While packed
seals are used for water service, essentially all other processing pumps and
reactor agitators are equipped with mechanical seals. Single mechanical geals
predominate, but double mechanical seals are employed in special situations.
O-ring inserts 1in the mechanical seals are Teflon® or Viton®, Most site
flanges have spirometallic (Resistoflex) Teflon®/stainless sateel gaskets. An
exception is the smmondia lines in the aniline facility for which blue ashestos
gaskets are now standard, Viton® gaskets are also wused iIin special
gltuations, Malintenance supervisors and 9ite engloneering staff constantly
check with suppllers for better performing equipment and fittings. This is
particularly true for the bisphenol-A facility, which 1s considered to be the
area for greatest potential for dImprovement (hence, reduced potential
occupational exposure).

The facility operators are responsible for equipment decontamination prier to
maintenance repalrs by the Catalytic, Inc. waintemance sgpecialists. This is
true for either in-place repalr or, preferably, repalr performed in the
separate facility malntenance shops (i.e., pump seals). Facllity operators do
lubricate pumps periodically and check spare pumps for rotationmal freeness
before starting them. Basically, pumps are operated until the seals Ffail,
then the spares are activated., The seal replacement factor for this site is
about 1 seal per pump each 2 years compared to an industry average of about 2
geals per pump annually. Average replacement cost of a seal unit lles in a
250-500 dollar range and requires about 2 hours of shop time. Total cost and
time per seal fallure (equipment decontamination, pump diswantlirg,
transpertation, shop work, and pump reinstallaticn} is much higher.

3. Tralning and Record Keeping

A major factor in USS5 Chemicals processing operations is the emphasis placed
on safe operation by the parent corporation. The basic essentials of the
company-wide safety program, which has the dedfcated support of top
management, are Safe Job Procedures, Basic Training, Individual Coutacts,
HFoployee Records, Accident Investigations, Awareness Charts, Physical
Conditions and Inspection Reports, Activities Reports, and Audit Reports.

The interrelationship of these essentials is illustrated in the following
diagram taken from the corporate safety program manual (Figure 3).
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Figure 3. Basic Esaentials of USS Safety Program

Safe Job Procedures cover every area of facility operation and are the basic
element for instruction, ¢training, and continuing operation by facility
operators. They are developed irnitially and revised as needed through the use
of a group discussion method, A sghift or general foreman works with two or
more experienced operators to make a systematic and objective analysis of each
job situation and to pool thelr experience about possible hazards, ways to
eliminate and avoid them, and the wost advantageous sequence of procedural
steps into a preliminary Safe Job Procedure, Iaoput of other management
persommel aund company hazard experts 1is incorporated to provide the finished
printed Safe Job Procedure. A typleal Procedure 18 included as Figure 4.
Besides 14sting the detailed procedural steps which must be performed, each
Safe Job Procedure includes the operation title, the chemical and physical
hazards which are present, and the personazl protective equipment which must be
worn by t.he. operator while carrying out these gteps.
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A foreman or job trainer instructs new employees, step by step, in the
approved wmethed of deing each job. Since each operator regularly rotates
through ail facility jobs during sach shift cycle, they must become conversant
with a substantial number of these S5afe Job Preocedures. The tralner must
observe the new operator perform each job correctly and must be certain that
the operator understands the whys®' and hows' of each Safe Job Procedure.
Subsequently, the shift foreman must make at least one contact per week for
each employee under his supervision so as to continue the operator's tralning
and consclidate his safety knowledge. These contacts are Tecorded in the
Individual Empleyee <Contact Record., Additiomally, each shift foreman is
required to make at least two planned Safety Observations for each employee
per month. These observations are planned so they systematically cover all
Safe Job Procedures on which the employee has recelved training. The shift
foreman writes up these observations for each enployee in a Supervisor's
Safety Observation Report and alsc in the Individual Employee Contact Record.
The Individual Contact and Safety Observation requlirements coutloue
indefinitely after completion of regular training.

4. Monitoring

Personal and area wmonitoring for possible occupational exposure of operating
personnel to hazardous chemicals 1s canducted by laboratory techniciana,
These employees have been trained by and report results to industrial hygiene
specialiets from the corporate Envirommental Health Divigion. They also
measuere sound levels of various processing units (i.e., the air compressors in
the phenal/acetone facility), and perform audiometric tests on operators, An
important factor in occupational health exposure to aniline, phenol, and
cumene {(the latter two to a lesser extent) 1s that all three are absorbed
through the skin, Hence, if absorption occurs, health problems cam develop
even though alrborne levels are within the OSHA permissible limits. Medical
monitoring, good work practices, and the use of effective personal protective
equipment are important in ensuring that health problems do not develop from
gkin absorption.

This site has no in-place ambient monitoring systems for the detecticn and
activation of an alarm in the event of excessive fugitive emissions from the
processing equipment, However, a Beudix chromatographic dipstrument ie
enployed to monltor and control the composition of wvarious process streame in
the phenol/acetone from cumene production facility, This eliminates potential
worker expasure which might have occurred during the manual sample taking and
the subsequent analytical laboratory analyses. Maintenance personnel use IRD
spike energy monitoring equipment to measure vibration on rotating equipument.
Data from the monitoring of the bearing performance of rotating equipment,
when compared with prior performance information cam provide a good prediction
of when such equipment must be taken out of service for coverhaul, With this
information, equipment maiuntenance can be performed on an “"as needed”™ basis
rather than “on set time" sequence scheduling.

Management monitoring and reporting of the manner in which eite operators
conduct their jobs Is an dimportant responsibility of shift and general
foreman., The overall reasponsibilities of both the shift and general foreman
are presented in detail in Table IX (Appendix). Employee deficiencies are
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discuesed by the foreman with the employee and entered into his Employee
Record. Any accident is subjected to an Accident Investigation., Im the
Accident Investigation Reports, management must identify and define causes of
accidents in the same wmanner that poteantial hazards were recognized and noted
in the Safe Job Procedurss., The exteat of the level of management hilerarchy
involved in an Accident Investigation depends on the severity of the
accident. Site Awareness Charts are Kkept by site management personnel to
record the extent of injuries, violatiana, and unsafe acts as reported by the
individual facility supervisors, This mechanism provides a means of
establishing and taking corrective action - a management tool providing
continuous self-policing of the effectiveness of occupational health and
safety actlvities. Such action can involve further imstruction of the
employee 1n question, revigior of Safe Job Procedures, preparation of a new
Safe Job Procedure, redesign and improvement of equipment if this ia a factor,
and lastly, disciplinary action iI1f warranted. Recurrence of operator
deficiencies are congidered as insubordination and result in disciplinary
action (l.e., short—term guspension).

Physical equipment safe operation 1s based on the following three
requirements: (1} Safety Standards are established and enforced in the design
and specification of equipment, (2) newly installed or modified equipment 1is
inspected and approved for safety prior to facility use, and (3) specific
responsibilities are established for periodic dinspection and for prompt
correction of deficliencies or immediate shutdown of equipment i1f a serilous
hazard 1s found. Physical Condition and Inspection Reports are compiled and
issued after the monthly equipment inspections have been completed within the
different facilities. The corporation maintains an up-to—date series of
manuals which include guidelines coverlng these requirements. Also,

guidelines for prevention or conttol of occupational exposure to noise,
ionlzing radiation, and concentrations of dusts, gases, or fumes from toxic

chemicals have ©been developed and are kept current by the corporate
Envirommental Health Division.

Finally, on a monthly basis, the various individual Health and Safety Reports
{already discussed) are comsclidated in an overall Facility Safety Activity
Report. In turn, the wvarious Facility Safety Acrivity Reports are summarized
in a single Site Safety Activity Report, In addition to the larter, the site
superintendent and his staff conduct Personnel Safety Audits which emphasize
guality as well as the quantity of safety activity.

Medical monitoring 18 conducted by means of annual physical examipations for
most site hourly employees., A major hazard in the anlline facility is skin
abgorption of aniline (reaulting in possible blood «c¢ell damage).

Consequently, aniline facility employees are monitored each six months with
cooprehensive blood and urine tests.

5. Perscnal Protective Equipment

The Safe Job Procedures itemize mandatory personal protective equipment items
for facility operators to wear for each job, The compamy provides each
operator with the equipment required for all of the facility jobs. Personal
protective equipment requirements depend on the chemicals encountered and
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their specific hazards. Hard hats and safety glasses must be worn throughout
z2ll) processing facllities, except within the control rooms and other auxiliary
buildings. Because of the outdoor construction, site operators are provided
with full length rubber raincoate and rTubber boots. Other items furnished are
various types of gloves, goggles, face ghields, and respirators. Except in
the aniline facility, operators provide their own work clothing and shoes;
safety shoes may be purchased at subsidized prices. Full face respirators are
provided (i.e., MSA Comfo II ammonia canleter type for ammonia, Dustflo for
nuisance dust, and Scott Air Pack and airline respirators with bottled air for
emergencies). Ear protection, except where required by the Safe Job
Procedures, is provided on request.

E. Occupational Health Exposure Results

During this in-depth survey, area monitoring samples were obtained by NWIOSH in
the Phenol I and II arcas to determime airborne pheanol concentrations. The
sampling equipment was positioned (1) adjacent to the single mechanical seals
of pumps handling phenol and bottoms process streams at approximately 300°F
and 50-150 psig pressure, and (2) at the hatch during tank truck loading.
Personal samples were taken to determine phenol concentrations 1In the
breathing zones of day shift operators performing various outside jobs in the
game areas. Alsc, an additional persomal sample was obtained to estimate the
alrborne cumene concentration. USS Chemicals personnel duplicated the area
monitoring samples. The NIOSH phenol samples were collected 1in bubblers
containing dilute NaOH solution and the cumene sample was collected on a
charcoal tube. Analyses were performed in accordance with NTOSH Method 8330
using a gas chromatograph equipped with a flame Iiconizatlon detector (FID).
Table VI results show four of seven NIOSH phenol area samples in a 1.0-2.7 ppm
range, well below the OSHA PEL ceiling of 5 ppm phenol. The other NIOSH
phenol area samples (including tank truck loading) and all the operator
personal samples were below 0.4 ppm. The USS Chemicals area sample results
ware comparable to those of NIOSH. The cumene szample indicated a 0.35 ppm
level; for comparison, the OSHA PEL is 50 ppm.

An aniline tank car loading was monitored by NIOSH using silica gel tubes.,
Analysis was by NIOSH Method S310 employing a gas chromatograph equipped with
a FID, An area sample, logated a fFfoot downwind of the hatch, tested at
2.0 ppm aniline, while the loading operator's personal sample Indicated a 0.4
ppm  lewvel. Both reaults, calculated "as 18" for thelr 83-minute time
duration, are well below the OSHA PEL of 5 ppm for aniline.

Resulte of prior USS Chemicals occupational exposure moniltoring surveys for
phennl and aniline were supplied to NIOSH. March 1976 and February 1977
survey Treports on airborne phenol levels are summariged 1in Table X
(Appendlx). Two of 26 samples were i a 1.0~-1.4 ppm phencl range and all
others were under 0.3 ppm. Table VIL contains the airborne anlline results
{March 1982 Survey). These company results confirm the prior conclusicn that
both aniline and phenol airborne exposure levels at the Haverhill site are
well below the OSHA PEL's of 5 ppm for phenol and aniline.
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ITI. PHENOL AND ACETONE FROM OXIDATION COF CUMENE FACILITY

A. PFacility and Process Description

About 94 percent of the U.S. phenol and 67 percent of the acetone are produced
by oxidation of cumene, using compreased alr as the ozygen source. The
process steps, following Hercules technology, are successively:

1. Oxidation of cumene to cumene hydroperoxide (CHP)

2. Cleavage cf the hydroperoxide

3. Neutralization of cleaved products

4, Disrillation to pravide high purity phenol, acetone, and alpha methyl
styrene (AMS).

Approximately 0.4 pounds of acetone, 0,6 pounde of phenol, and 0.04 pounds AMS
are produced from one pound of cumene In accordance with the following
equation:

By-Products

W o [ o~
: @ + 0 _"Q A;d K(/!]*Fca-la>c:° Q + iJ
C-
|

|
CH-(CH,}, CH,~-<¢-0-0H CH, C=0
i {
CH, CH, CCH,
Cumene Oxygen Phenol Acetlone L
Cumene o Methyl Acetaph
Hydroperoxide Styrene phenone

All raw materials and finished products are handled in bulk. The facility
receives cumene from Gulf coast producers in barge lots. Sodium carbonate is
received as a powder via rall hopper cars, sodium hydroxide as a 50 percent
solution by raill or truck tankers, and 93 Be' sulfuric acid (98 percent
concentrated liquid) im the same manner., In additien te the phenol and
acetone products, both the cumene hydroperoxide intermediate and the alpha
methyl styrene by—-product are sold in bulk quantity. Other by-products
(acetophenone, dimethyl phenol carbinol, cumyl phenols, and acetaldehyde) are
handled internally for disposal. Economics of the procegs are heavily
dependent on the price obtained for the acetecne.

As sales aud internal use of phenel expanded, output of the original Umit 1
was augmented by construction of an easentially parallel faclility, Unit II.
For this phencl expansion program, the number of oxidation reactors in Unit 1
was almost doubled, so that both units could operate on cumene hydroperoxide
from the Unit I oxidizer train. Filgure 5, a simplified process flaw sheet,
demonstrates how the two umits share several process unlt operations. Heavy
ends taken from the bottom of phenol distillation columns in both unlts are
also processed in Unit I. The newer Unit II has scmewhat more sophisticated
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fractionation equipment, computerized control, and produces slightly higher
purity phenol than Unit I.

Operating conditions of the oxidation reaction are critical to obtaining high
overall yield and minimizing by-product formation. The ocoxidation reaction is
very sensltive to traces of phenol; & phenol concentration above 50 ppm in the
oxidigere will inhibit the reaction. Also, acidic pH and elevated reaction
temperatures promote hydroperoxide degradation. To maintain stable alkaline
pH conditions and neutralize any acidic by-product which would 4inhibit
oxidation, a 2-3 percent sodium carbomate solution is charged into the top of
each of the seven oxidizers. Maximum reaction conditions of approximately
200°F and 80 psi pressure are maintained 1In the oxidizers. Cumene
hydroperoxide can reach conceatrations of 32-35 percent. However, the
reactors are operated to attain about a 25 percent concentration which results
in better product separation during distillation and less by-product
formation. Because of recirculation, the reaction yield of CHP is normally in
a 90-95 percent range based on the cumene charged. High huwidity has an
adverse effect on reaction yield. A Bendix chromographic instrument is now
employed for In~line amnalyslis of process streams whereas previously a
refractometer and density meters had been emplayed. The oxidizers are
equipped with both normal cooling coils and extra colls which can be used for
emergency cooling.

From the final o=zidizer, the product stream goes to surge taoks where it is
degassed and carbonate 1s settled out. The CHP containing liquor leaving the
surge tanks 1g split Into two streams for parallel processing in Units I and
1I {Figure 3).

Excess cumene 1is stripped off as overheads, condensed, and recirculated back
to the oxidizers. The bottoms from the stripper, containing about 92 percent
cumene hydroperoxide, go to the cleavage reactor. Here, water and sulfurie
acid are added to cleave the CHP into phenel and acetone. The acid content of
the cleavage reaction outlet stream is neutralized wirh sodium hydroxide
solution. The cleavage reaction and subsequent neutralization are hazardous
and the temperature must be carefully controlled. The cleavage reactors have
high temperature alarms and excess cooling coil capacity. If necessary, water
can be added directly. The next wunit operation 1is fracticonation at
atmospheric pressure. The two outlet streaws from this fractlonator are
cverheads of acetone arnd alpha methyl styreme (AMS), and battoms of phenol and
heavy ends.

Each stream now goes through successive fractionation columns to provide high
purity products. The acetone overheads Btream Is purified by passage through
two successive fractiomation columns. In addition to high purity acetone as
the main product, other component streams are water, acetaldehyde plus, and
alpha methyl styrene. The acetone, coming off overhead, 1a condensed and
stored in carbon steel tanka. The AMS goes to bulk storage ta awalt truck
and/or rail tank car shipment to customers.

The crude phenol bottoms stream from the atmospheric pressure splitter 1is
purified by passage through a series of three fractionation columns. Other
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component  streams are  water, light hydrocarbons, and heavy ends
{hydrocarbons). Heavy ends from both Units I and IT are combined and split in
a separate unit operation. The phenol product (99+ percent pure with a
minimum melting point of 106°F) is stored in epoxy-lined tanks and maintained
at 120°F by means of continuous circulation through external heaters.

Phenel I and Phenol 1I, with their separate control rooms, each have a shift
foreman and five to seven gperators per shift. One operator 1is stationed
within each control roem at all times, while the other operators have a
multitude of duties outside the control rooms, i.e., mampling, bulk product
truck and tank car leading, ete.

B. Barge Shipments and Handling

Separate 8-inch diameter pipelines run from the various storage facilities to
the riveraide barge terminal to receive cumene and permit shipment of acetone,
phenol, alpha methyl styrene, and =aniline finished products by barge to
customers.

The barge terminal operations are performed by a full-time tankerman and a
part-time assistant; ©both are employees of an independent contractor.
Additionally, a contract employee of an Independent third party gauges
compartments, takes stainless steel thilef samples of each compartment on the
cumene barges, and prepares a conpeosite sawmple for analytical purposes.
Barges are generally of two capacities: 10,000 barrels (approximately 2.9
million pounds} and 20,000 barrels (common on the Gulf Coast runs). RBecause
the barges carry the equivalent capacity of a multitank car freight train,
both the economic savings and the reduction in labor requirements (thereby
ninimiziag potential occupational exposure) are substantial.

After the barges are unloaded, they are tsken upriver to Scouth Point for
thorough cleaning by McGinnis, Inc. They are then either returned te the USS
Chemicals terminal to pick uvup finished products or sent to other nearby
processor plants to pick up loads for return to the Gulf Coast ports. Three
to five barge loads of cumene are received weekly, and approximately two barge
loads of acetone per week and cone of alpha methyl styrene per month are
returned to the Gulf Coast.

The survey team observed a cumene barge being unloaded. The workers ware hard
hats, rubber gloves, safety glasses, and life preservers. Because of the
flammable nature of cumene and acetone, the following safety features were
evident: flame arrestors on vents, no worker smoking in the area, electrical
lines were grounded, and nonsparking tools were used. No vapor recovery or
other means of wvapor control are employed. However, potential vapor emission
points are minimal and the wvapor pressure of curene is Iow (10 mm Hg at
101°F). The close operator teamwork, careful attention to physical hazards
aod work practices, efficient use of mechanical alds in handling the large,
heavy flexible hoses, pipes, and valves, and the overall scale of the
operation were most impressive., The cumene was unloaded uwsing a large diesel
motor~driven pump mounted on the barge. Acetone and AMS finished products are
traneferred to the barges via pumps located in the tank farm storage areas.

19



C. Control Technology

The major occupational exposure problems in this facility are the hazard of
eye and skin contact {(burns and irritation) and skin absorption (possible
gystemic effects). Both phenol and cumene have low vapor pressures at the
temperatures used to maintain them in the liquid state ready for pumping (2.4
mm Hg at 122°F for phenol and 8 mm Hg at 68°F for cumene). Since airborne
contamination 1is normally proportiomal to vaper pressure, there may be less
likelihood of occupational exposure during loading, unloading, and sampling
operations than during processing operations In which fugitive emissione of
hot vapors and liquids may escape from seals and fittings of ctherwise tightly
sealed equipment. For cumene and phenol, the human nose is a reasonably acute
detector, The sweetish odor of phenol provides an odor threshold of 1-5 ppm
compared to the OSHA PEL of 5 ppm; for cumene a sharp arocmatic odor provides
an odor threshold of approximately 1 ppm compared to its OSHA PEL of 50 ppm.

Besides proper selection of equipment seals and fittinpgs (engineering control)
iu preventing wvapor and liquid emissions from potential emission points, other
contrel technology mainstays are work practices and personal protective
equipment, These two (detailed in the appropriate Safe Job Procedures) are
particularly important when obtaining and handling both process comtreol and
finished product samples. Sampling i1s done essentially by opening taps and
collecting aliquot samples 1in sample contaluers. Eye wash fouatains and
safety showerg are mounted at strategic locations in this outdoor facility,
with tempered water supplied. These atations have been retrofitted with
remote control alarms in the two control rooms to alert other operating
persennel and gain their assistance.

Until about 4~5 years ago, most of the volatile emissions from facility
processing equipment were exhausted directly to the enviromment. Such vapors,

classed as volatile organic compounds (VOC), are now subject to Eavirommental
Protection Agency (EPA) regulations and enforcement under the Federal Clean
Alr Act. VOC's are basically non—methane hydrocarbons falllog into the
Co=C4 range and are generally photochemically teactive. To develop
background and support data for EPA generic regulations, production plants
making approximately 40 major, high—volume organic chemicals have been
iovestigated in-depth by EPA to establish the eztent of VOC emissions from
these plants and to define control techniques or devices which can minimize
them. Results of an in-depth study of phenocl/acetone from cumene facilities
conducted under an EPA contract by IT Enviroscience, Inc., of Tennessee were
reported in 1980 (Table 1IV). The focus was on the fallowing emission
sources: process vents, storage tank vents, fugitrive emissions (those leaks
from seals and fittings components of otherwise tight processing equipment),
and secondary sources {liquid, solid, and aqueous waste treatment operations
that can emit VOC). EPA distinguishes between "point source” and "fugitive"
emissions, “Point Bource” emissions are the VOC emissions from vents and
stacks of operating chemical proceseing equipment. They are generally well
characterized as to composition and reascnably consistent as to the rate of
discharge to the environment. Contrarywise, fugitive emissions are
unpredictable as to timing, leakage rate, and individual soutce
identification. The real world of imperfect and variable performance of
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various types of seals and fittings makes it difficult to detect and quantify
fugitive emissions and identify resultant occupational health exposures.

Table IV 1lists the EPA estimated levels of emissions from the wvarious unitc
operations of a model phenol/acetone from cumene facility employing Hercules
technology and scaled to typical plant output capabilities of 200,000,
126,000, and 10,500 mg per yvear of phenol, acetone, and alpha methyl styrene
{AMS), respectively., Important comparisons are estimated levels of emissions
before and after instaliation of EPA-recommended control devices and perceat
reductions resulting from the use of these controls. This Haverhill facility
has installed most of the EPA-recommended control measures.

The airstream currently exiting the oxidation reactors is collected and piped
to parallel activated carbon adsorption beds. The two beds are alternated and
regenerated each four hours. Regeneration involves heating the beds, air
blowing them to remove the adsorbed liquids, and recycling these liquids back
to the reactors. Incidentally, the wvalue of the recovered chemicals pays a
major share of the recovery operation cost. The activated carbon has an
effective 1life of 12 to 18 months. Faeility management is considering the
possibility of returning the spent carbon to the supplier for reprocessing.

Close worker proximity to product emissions occurs during bulk tank car and
tank truck loading or unlocading. Occupational exposure by either skin contact
or 1nhalation must be guarded against. In bulk loading of phenol, the
facility loaders wear hard hats, safety glasses, and neoprene-coated gloves as
the minimum required personal protective equipment. The elevated loading
platform is designed to permit loading from either side. The tank truck or
tank car is spotted om the downwind side of the loading platform. The loading
platform 1itself is cowpletely open to the wind and located away from other
processing equipment or buildings. A wventurl blower 1is turned ou and
positioned so as te assist the prevailing wind in directing vapors away from
the operator. Liquid phemol, heated to about 120°F (vapor pressure ca 2.4 mm
He), is pumped from the epoxy—-lined storage via a tank farm delivery pump at
450~500 gallons per minute, The loader contreols the amount of phenol pumped
with an indicating flow meter and remote control pump cutoff switch (mo
automatic cutoff). Tank car loading was observed and both personal and area
monitoring samples abtained.

EPA does not recommend any control measures for secondary emissions, possibly
becauee they s&are only 2 small part of the total uncontrolled emissionps.
However, this facility does treat the waste water stream to remove phenol
prior to fipal dlsposal by deep well injection. First, water insoluble
material 1s skimmed from the waste water surface as it passes through API-type
separators, Then anthracite fines (carbon) are mixed with this outlet waste
water stream t¢ adsorb the phencl and are later removed by Enzinger filters.
This treatment presents a potential occupational expesure hazard as operator
contact with phenol can occur during filter cleaning ugless the required
personal protective equipment 18 worn and proper wertk practices are chserved,

A major source of fugltive emisslons (both ligquld and vapor} are the seals on

process pumps and valves, and pressure rellef units. Seals and fittings on
sampling devices, process controllers, agltators, compressors, and a wide
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varlety of flanges also contribute, Table IV shows fugliive emlssions as
being the second largest source of uncontrolled VOC emisaions from the model
plant at 21.5 weight percent. Packed seale require low controlled seal
leakage to reduce frictional heat and lubricate the rotating shafts, hence are
not suitable on chemical transfer pumps. Single mechanieal (Durametallic)
seals have provided satisfactory service on most site process pumps. Clean
seal flush f£fluid 18 a requisite for extending mechanical sgeal life. To ensure
clean smeal flush flufd, condensed product wvapor is used rather than pump
discharge fluid. The site also extends mechanical seal 1life by automatic
activation of the seal flush system when the pump is started. Basically,
pumps are operated wntil the seals fail, then the spares are started. Seal
replacement 1s about one seal per pump each two years compared to an industry
average of about two seals per pump yearly.

All the hazardous chemical emissions from this Haverhill facility are capable
of causing injury through worker oeccupaticnal exposure. The degree of
potential exposure 1s difficult to quantify for both point and fupitive
emisslon sources because of factors of wvariable wind wveloeity and duration in
open air processing equipment and the changing proximity of operating
personnel to these emlgsion sources during normal work patterms. Based on the
EPA model i1informaticon and past experience, the wvarious emission sources of
this phenol/acetone from cumene facility can be grouped into two categories -
greater and lesser risk — as follows.

Table V
{Quantification and Rating of Importance of Various Toxic Chemicals

Emission Sources as Qccupational Exposure Hazards for Phenol/Acetone
From Cumene EPA Model Plant (Hercules Technology)

Eatimated % Reduction in
Incontrolled Emissions

Estimated Weight Percent Through Application of
of Total Uncontrolled EPA-Recommended Control
Emiasion Sources Emissions Devices
Greater Risk
Storage and Handling 12 76 | welghted average
Fugitive Emissions 21.5 71 reduction
Secondary Emissions 0.5 0 72
34.0
Lesser Risk
Oxidation Reactors a0 77
Oxldate Wash and CHFP 17 97 | weighted average
Concentration reduction
CHP Cleavage 1] 96 86
Dintillation Columms 13 91
Subtotals 66.0
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The most recent and an ongoing facility project for reducimg occupational
exposure concerns handling of sodium carbonate employed for pH control ia the
oxidation reactars. Sodium carbonate is received at the facility in special
hopper cars. The powder is air 1lifted from the car to a mixing tee located at
the top of a solution storage tank {approximately 20 feet above the truck
pad). Here it dissclves in recirculating hot water to provide a concentrated
solution which will be diluted prior to entering the reactors. During this
unloading and solution step, some undissclved carbomate dust escapes through
the solution sterage tank pressure equalizing vent, A scrubber installation
has been designed and wiil be installed after the vent to minimize carbonate
dust escape to the environment.

D. Emission Exposure Sources and Monitoring Results

On June 13th and l4th, the followlag phenol and cumene monitoring samples were
taken in both Phenol I and II processing areas:

1, 8ix phenol area samples — samplers were positioned adjacent to single
mechanical seals of pumps handling phenol and bottoms streams at
approximately 300°F and 50-150 psig premaure.

2. Five phenol personal samples - samplers worn in their breathing zome by
operators performing various outside jobs.

3. A cumene personal sample ~ sampler worn by the operator working unear
oxidation reactors in the Phenol I area.

4. Area and personal sawmpling during phenol truck loading =- & persconal

sampler on opetrator duripg loading of several tank trucks and an area
sample taken during one truck leoading (20 minutes).

NIOSH phenol sampling involves drawing a measured volume of workplace air by
means of & duPont P-125 pump through a vertical bubbler containing 15 ml of
0.1 N sodium hydroxide solution. Bubbler personal samplers were mounted
vertically on the operator’'s clothing within the breathing zone. Operators
were carefuvl to prevent spilling of the caustic solution even though 1t was
physically constraining. Bubhbler area samples were strapped to vertical
braces near the mechanical seals of pumps selected as operating under the most
severe process conditions. The NIOSH Method S-330 analysis employs a
Hewlett—-Packard Model 5711A gas chromatograph equipped with a FID to quantify
the amount of phenol present. Limit of detectlon is 0.01 milligrams of phenol
per sample. USS Chemicals mounted silica gel tube gamplera adjacent to the
NIOSH area bubblers. Their procedure included use of low airflow pumps (200
ce/min), phenol desorption with acetone, and passage through a DC 530 gas
chromatograph equipped with an FID. Temperatures were 250°F injection, 150°F
column, and 300°F FID. USS Chemicals duplicated the NIOSH area samplers but
not the operator personal samplers.

NIOSH employed silica gel tubes to capture the cumene vapors, and carbon
disulfide to desorb the tube contents. NIOSH Method $-23 analysis employs a
Hewlett-Packard 537114 gas chromatograph equipped with a FID to determine the
smount of cumene present.
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Table VI presents the air concentration results along with iInformation
identifying the individual sampler locations, etc. All the results are well
below the OSHA PEL of 5 ppm phencl and 50 ppm cumene. For tank truck loading
of phencl, the gpen hatch area sample indicated the exposure was 0.13 ppm over
the 20-minute exposure perlod; the operater's personal sample for a serles of
truck loadings over a 176—minute period showed 0.40 ppm, In contrast, the
highest area concentrations found were 2.7 and 2.2 ppm near phenol process
pumps handling phenclic material at high temperatures (300-400°F}.

A substantlal number of earlier cecupational exposure tesat results for phenol
(area and cperator personal samples tzken and analyzed by US55 Chemicals in a
similar manner as NIOSA employed) are summarized in Table X (Appendix). These
results verify the NIOSH conclusion that phenol-air concentrations near
process stream pumps, operator personal samples, and tank car and tank truck
loading operations are below the OSHA PEL of 5 ppn.
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V. BISPHENOL-A FACILITY

A. Pacilicy and Process Description

Righ purity phenol (preferably from phenol wunit 2) and acetone {from the
phenol/acetone from cumene facility) are reacted in a contilnuous hydrochloric
acid catalyzed reaction in accordance with the following equation:

OH CH,
CH, HCL i
2@—1— >c=o - HO—|_|-C-{_Ij—OH
CH, Catalyst i
CH,
Phenol Acetone Bisphenci-A

There are four stages to bisphenol-A {(BPA) processing:

1. Reaction and HCl removal

2, BPA crystallization

3. Excess phenol removal and prilling

4, Automated filling of bags and bulk containers

The first three stages are shown in Flgure 6, a simplified process flow
chart, This processing is based on Rhone-Poulenc technology. After 4-5 years
of operation, this facility underwent a major retrofitting and wodification
program to provide the current level of effective operation., Two grades of
bisphenol-A prills are produced: epoxy grade and polycarbonate grade, with
the polycarbomate grade being much purer. Variations in ecrystallization
operations during BPA purification account for the two levels of purity and
product color.

The highly exothermic reaction (Figure 6) is carried out in a gravity fed
sequence of eight 2,000~gallon Pfaudler glass—lined agitated reactors. The
heat of reaction 1is removed by mesans of the reactor cooling Jackets and
Teflon—-lined external cooling loops. After the reactlion is completed, the
hydrochloric acid (catalyst) is stripped from the bisphencol-A phenel reaction
glurry, This slurry, BPA-phenol particles sBuspended 1In excess phenol, 1is
pumped from the final reactor to crystallizers, whare BPA-phenol particles are
geparated from the mother liquor., Im turn, these particles are heated to
300°F (330°F maximum) to both drive off the excess phenol (which is dried and
returned to the reactors) and to liquify the bhisphenol=-A. The molten BPA 1s
introduced into the top portlon of the prilling tower through spray nozzles.
The resultant small liquid droplets congeal and sclidify into solid spheres as
they drop through a countercurrent flow of cool air entering the bottom of the
tower, The prills are pneumatically conveyed to storage blne to await gravity
packing.

Conveying and packing the BPA prills generates dust, which causes concern from
two standpoints: (1) 1inhalation as nontoxic nulisance dust by facility
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operators and (2) dust explosions. Because the dust is potentially explosive,
nitrogen (rather than air) is used as the conveying medium. The bisphenol-A
packing and warehousing operation 1s impressive both from the standpoint of
size and of the array of automated, bagging, palletizing, protective wrapping,
and strapping equipment.

During normal operationm, this facility has four, B-hour shift crews, each
comprising a shift foreman and eight wmen (six wunit operators and two
warehousemen). The day sghift additienally has a material handling foreman,
two packaging operators, and a facility supervisor. Because this facility was
shut down and bisphencl—A packing not operative duripg the in-depth survey
week, neither personal nor area sampling were possible.

B. Contreol Technology

The bigphenol-A facility has had severe equipment wmaintenance problems during
the 8 years since its startup, mainly due to the extreme corrosivity of the
hydrochloric acid catalyst and the high melting point of the bisphencl-A
product,

In the glass—~lined Pfaudler reactors, hydrochloric acid permeates the glass
lining and reacts with the carbon steel shell., This causes nascent hydrogen
to build up between the shell and the 3ining. The hydrogen pressure increases
until glass lining failure results. This was especially severe for the
top~mounted, glass—coated agitators and agitator shafts, Replacing the
glass—coated agltators and pipes between the reactors with Teflon—coated
equivalents has improved the operating sitmation, However, over a long peried
of time the Teflon also becomes permeable to the hydrogen chloride vapors.
Early on, the original packed seals or the agitator shafts were replaced with
double mechanical seals. Even with these mechanical seals the high melting
BPA droplets formed during reaction temd to work under the O-ring shaft seal
from the reactor side, soiildify, and thereby raise the O-ring to allow further
leakage. Eventual seal fallure is partly due to shaft surface erosion.
Treated the shaft surfaces with hard chrome and adopting Teflon C-rings bas
improved the situation. 5tiill, the facility maintenance supervisor and site
englineering staff continue investigating other options for upgrading reactor
linings and agitator seal performance. Similar problems have occurred with
the single and double mechanical seals on a number of the facility BPA~-phenol
slurry pumps.

The control of hydrogen chloride wvapor emissions from the reactors has proven
difficult., Rupture discs in pressure relief valves have been a problem, both
from the standpeint of finding suitable corrosion resistant materials and the
difficulties of equipment decontaminarion required prior to maintenance work.
Installation of graphite pressure relief discs has helped. To ensure that
hydrogen chloride wvapor does not escape to the environment 1f wvent line
pressure relief discs open, 211 HCL vent lines will be directed to a packed
scrubber now beilng installed. 1t has been sized to accommodate the poteantial
discharge of the largest existing rupture disc. Because of possible plugging
in BPA phenol slurry lines, flow shut off 1s accomplished through use of plug
valves rather than conventional block valves.
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Bisphenol-A prills are packed and shipped 1in 50-pound ret bags, one ton
“supersacks,” and speclal hopper cars (both rail and truck). The lower purity
BPA (epoxy grade) generates more dust than the polycarbonate grade when using
the same equipment. The wentilation of the bag packing station includes both
laocal exhaust ducts and a moving eductor. The eductor 1s automatically
inserted into the bag to remove the displaced air as the bag £ills and is
withdrawn just before the bag is automatically sealed. Both the local exhaust
and eductor dust streams are connected to a large baghouse for dust removal.

There are occagsions, despite the continuing efforts to prevent dust dispersal,
that the operators need and use dust masks supplied by the coupany.
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VI. ANILINE FACILITY

A, Facility and Process Description

Phenol and ammonia are continuously rteacted under high temperature and
pressure over a proprietary catalyst to meke aniline in accordance with the
following equation:

- By-product

OH NH, H
Catalyst =7 @- y —
@ 4+ NHy A \J and | f|— N
Pheno! Ammonia Aniline Diphenylamine

Figure 7 15 a simplified process flow chart for this Halcon 5D proprietary
process (developed iau the 1960's by Halcon International, Inc.). Although
this is the first U,S. installation ta use this process, a Japanese facility,
operated by Mitsul Petrochemicals Industries (MPI)}, has been coperating since
1970, USS Chemicals personnel were trained in Japan prior to startup of the
Haverhill facility. This facility was designed, 1installed, and started up
under supervision of the Scientific Design Corporation in conjunction with MPI
engineers.

Four pressure bullets store ammonia {(as recelved by special rail cars) at
about 45°F and 65 psig. Ammonia from the bullets is compressed by an Ellijott
2-stage compressaor from 63 psig to 200 psig in the first stage and then from
200 to 265 psig in the second. A furnace and heat exchangers bring Teactants
to 760°F. The reaction, in two parallel reactors, occurs over a proprietary
catalyst using a large excess of ammonla. Almost 100 percent of the phenocl
feed to the reactors is converted to aniline and diphenylamine. From the
reactor, the crude product stream goes through heat exchangers and amn ammonia
stripper (packed column at 65 psig and 45°F). The excess ammonia is
recovered, thea recycled via the compressor back to the reactor. The
resultant crude aniline contains about 90 percent aniline, 5 percent
diphenylamine, 1-1.5 percent phernol, and water. The water is removed by mezas
of azecotropie distillation in a 40-tray column with water—free aniline leaving
at the bottom of the column and the toluene—water gzeotrope at the top. The
next column, an 84-tray unit operating under vacuum, fractiomates the dry
crude aniline stream to provide pure anpiline (less than 5 ppm phencl content)
from the top of the column and a diphenylamine, triphenylamine, and phenocl
contalning stream near the bottom. These bottoms are redistilled in a third
column with phenol overheade recycled back to the process. The resultant
fluid bottoms are burned as boller feed ~ a safe means of disposal. Waste
aqueous streams go to the gite waste treatment unit for cleanup and are
disposed of by deep well injection.
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Becauge the aniline facility is highly automated and computer controlled, it
functions satisfactorily with few persoonel. Included on each shift are a
shift foreman and two operators. One cof the two operators 1is the control
board man and spends 100 percent of his time inside the pressurized control
room. The second operator, the field man, spends up to 80 percent of his time
outside the contrel room — checking gages and valve settings, doing minorx
lubrication, loading tanks aad tank trucks, taking regqulieite control sawmples,
ete.

B. Control Technology

The major occupational exposure problems in this facllity are exposure to
phencl, aniline, and ammonia. Due to the high reaction temperarure and
pressure, proper selection of equipment seals and fittings are critical to
preventing vapor and liquid emissions. An important hazard of aniline is skin
abgorption resulting in adverse blood composition effects., Hence, proper work
practices and use of effective personal protective equipment are critical
components of successful control technology.

The open air, all-weather construction of the aniline facility as well as its
location away from other operations minimizes worker exposure. While major
shutdown operations are automatically contryolled, startup and shutdown of the
various distillation columns must be done carefully to prevent ammonla vapor
escaping to the environment, Past worker complaints were chiefly about
emissions of ammonia wvapor. Ammonia's pungent odor, low-odor threshold, high
volatility, and difficulty in finding satisfactory gasketing material
presented a startup problem, Spirometallic (Resistoflex) Teflon®/stainless
steel gaskets, found satisfactory in elimlnating most fugitive emissions from

flange Joints, did not contain ammonia regardless of rthe care taken in
installing and torquing the 12-14 inch diameter ammonia pipe and furnace

flanges. The solution was use of 1/8~inch thick blue African asbestos gaskets
(Gordon Gasket Company) and torquing flanges to uniform pressure,

To decontamination distillation columns, the columns are drained to
appropriate storage containment, thenm bolled out at total reflux for about 6-8
hours. This boiling out continues wuntil Draeger tube samples, taken from
bottom bleed valves, show aniline content is below 100 ppm. Next, the columns
are drained completely, then steamed until residual aniline coutent (Draeger
tube testing) 1s below the OSHA PEL of 5 ppm. Finally, the columns are cooled
by sucking air from the top of the columns, The 1ines to the column are
blinded before c¢olumn entry for maintenance, in accordance with Safe Job
Procedure requirements., Carbon steel is normally used in aniline equipment
with stainless steel standard for phenol eguipment. For carbon steel
equipment cleanout, hot water (stream/water nixture) is employed; and for
stalnless steel equipment cleanout, hot condensate (steam/condensate mixture)
is used. Packed column decontamination is accomplished by steaming. The
various cleanout water streams drale to the pad.

Samples are taken through needle valvea to pressure bombs or sample bottles.
All sampling points are at grade and they have enclosures to reduce risk of
operator contact with process materials, Pressure bomb gamples are cooled
before delivery te the laboratory for amalysis and for those containing free
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and dissolved smmonia in addition to aniline and/or phenol, the ammonia is
aliowed to bubble off wunder laboratory hoods prior to analysis. Formerly a
nunmber of gas samples were taken for process control, but this practice was
eliminated when it was found that the analyses were not sufficiently accurate
for contrel purposes.

At the end of a run or other planned shutdown, excess ammonia i1s removed from
the front end of the process, directed through the compressor, sparged (and
condensed), then pumped back to the ammonia feedstock storage bullets. A
water serubber captures ammonia vent gases released 1f the ammonia storage
bullets are overpressured. One or more of the four pressure rellef valves on
each ammonia storage bullet opens to relieve overpressure, Corrosion of the
springs 1n these pressure rellef valves, a past maintenance problem, has been
solved by employing specially coated corrosion resistant springs.

Work practices and personal protective equipment employed in the facllity are
spaelled out in detail in the Safe Job Procedures. These have been carefully
prepared to cover all normal operation situations, startup and shutdown
saquences, and alse emergency sltuatlions whieh have either already occurred or
have been concelved as possible oceurrences. Some of the startup and shutdown
procedures may vary somewhat with the seasor (winter versus summer). In
addition to the basic requirements for hard hats and safety glasses, cutside
operators are Tedulired to wear rubberized coveralls and rubbher shoes.
Depending on the specific job procedures, the operaters must alse wear rubber
gloves, face shields, goggles, and/or full face respirators. In some areas,
the outside operators may wear leather shoes, All this equipment and wearing
apparel is furnished by US3 Chemicals. A service company supplies and cleans
the clothing and workers change as required. Experience has demonstrated that
butyl rubbexr is much more resistant to aniline than neoprene, If leather
shoes become contaminated by aniline, they are disposed of as hazardous
waste. The appropriate canisters for the full face respirators are provided
as required, i,e., an ammonia canister for ammonia.

A feature of this facility is the permanent placement of large sturdy signs in
each area detailing the exposure hazards and the required persconal protective
equipment. Housekeeping inm all areas of this £facility was found to be
excellent. Facility personnel thoroughly decontaminate all wern or damaged
equipment which c¢an be trangported (either whole or dissembled) to the
facility malntenance shop, where contract maintenance specialists do the
repairing, When maintenance must be done in place, i.e., £flanges, the
contract maintenance personnel do the woerk in accordance with facility wotk
practices and wear the required personal protective equipment.

The facility is not equipped with an in—-place ambient monitoring system for
detection and automatic alerting when fugitive emissions escape from the
procesaing equipment. However, medical monitoring is conducted. Each six
months both blood and urine samples are obitained from each aniline employee by
medical persomnel who vieit the faeility in a special medical wvan. An
elaborate series of tests run on those fluids determines if blood cell damage
or other health Impairment due to coccupational exposure has cccurred.
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The aniline facility was not operating during the week of this in-depth
survey, thwarting initial plans for getting both personal and area samples to
establish aniline, phenol, amd ammonla amblent alr concentrations duriag
normal operation. However, an aniline tank car loading was monitored.

€. Emission/Bxposure Sources and Monitoring Results

Tank car loading of aniline is carrled out In a similar manner as for phenol
(previously described). Whereas phenol must be held at 120°F to maintain
liquidity, aniline may be pumped at amblent air temperatures {freezing point
is 21°F and vapor pressure at 68°F is 0.6 mm Hg). Its weak amine odor
provides good warning properties; the odor thresheld is approzimately 1 ppm
compared to the OSHA PEL of 5 ppm or the ACGIH recommended 2 ppm TLV.

A tank car loading took 83 minutes from the initial hatch opening until it was
closed and sealed. The operator had a personal charcoal tube sampler attached
to his lapel to sample his breathing =zone as he followed the Safe Job
Procedures on aniline taok car loading, and an area chavcoal tube sampler was
suspended from the tank car railing approzimately 1 foot directly downwind of
the open hatch. Weather conditions were a warm summer day with a minimal 0-5
mile per hour breeze blowing across the open hatch. The two charcoal sample
tube samples were analyzed in accordance with NIOSH Method 8-310. Sample
desorption was done with 95 percent ethanol and analysis by gas chromatography
{Hewlett-Packard Model 8711A equipped with a FID), The operator personal
sample showed ap air concentration of less than 0.4 ppm aniline and the area
sample, 2.0 ppn.

Table VII 1ists results provided by USS Chemicals (personal sampling of
aniline facility personnel for successive days during the period March
21-April 2, 1982).

Table VII

Aniline Facility Monitoring Data Provided by USS Chemicals

Number of
Personal
Samples ppu Aniline
Job (8+~hour) {8=hour TWA)
Aniline operator (field) 3 All non-detectable
Aniline techmician ] All non-detectable
Aniline foreman 3 All non~detectable
Aniline maintenance man 12 All non—detectable

(working fn procesaing area)
Apiline chemiat (laboratory)
Apiline analyst (laboratory)

All non—detectable
All non-detectable

L Lad
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A SOCMA (Synthetic Organic Chemical Manufacturers Association, Inc.) report of
August 8, 1983, summarlized exposure information supplied by the five major
U.5. manufacturers of aniline for 1982 production operations. As for results
in Table VII and this NIOSH in—depth survey, air sampling was performed using
silica gel tubes, Table VIIL presents the SOCMA summary of employee exposures,

Table VIII

SOCMA Summary of Aniline Manufacturing Plant Employee Exposure Resulte

Worker Hours

Number of Level of Exposure per Year

Function Employees ppr range (TWA 8-hour) (1982)
Operations 184 0,001 - (.86 280,285
Mailutenance 215 0.001 - 1.4 129,530
Quality Cantrol 112 0.001 - 0.4 119,882
Warehouse/Shipping 47 0.01 - 0.6 37,283
Qther¥* 78 0.01 34,024

* Dther includes supervisory and engineering personnel.

The airborne aniline-in-air concentrationg shown Iin Tables VIT and VIII
demonetrate that the 0SHA PEL of 5 ppm ds unlikely to be exceeded.
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VI. CONCLUSIONS

The Haverhill, Ohio, site of USS Chemicals ie characterized by the large scale
of operations, the widely dispersed open air, chemical processing facilities
for manufacture of a number of hazardous chemicals; the extewsive use of river
barges as a major transportatioan component; the degree of product integration
providing internal use of baslc chemicals to make other downstream chemicals;
the excellence of overall site housekeeping; and the marked corporate emphasis
on conducting all operations In a safe manner in accordance with wrirten Safe
Job Procedures to minimize occupational exposure to hazardous chemicals. It
was apparent during this NIOSH in-depth survey that the managers and workers
were a veteran group, very familiar with their job duties, and performing them
with a high degree of skill.

Congidering all these aspects, this Haverhill site represents a well operated
chemical processlng complex compared to other sites that have been visited.
Noteworthy were the candid admissions and explanations of both the operating
and processing problems encountered, and the remedial actions taken Lo solve
these problems. While emphasis was on solving production problems and
improving production efficliency, hazardous working conditions were considered
and modifications I1nstituted were also effective in minimizing occupational
exposure to the many hazardous chemicals either employed or produced.
Additionally, ilmprovement programs are oudgolng activities,

With the exception of acetone and toluene, the chemicals the site handles are
relatively non-volatile (having low wvapor pressutres). This 1s advantageous
from the inhalation hazard standpeint during unloading, sampling, and storage
operationsa. Complicating the health exposure situation 18 the fact cthat

aniline {(and to a lesser extent, phenol and cumene) are ahsorbed by the skin,
The low volatility (and evaporation rate) excaberates this condition, If

absorption occurs, health problems can develop even though airborne levels are
within the 0OSHA permissible limits, USS Chemicals' systematic application and
gtrong enforcement of their written Safe Jub Procedures 1is of particular value
in this regard since worker protection against skin absorption of chemicals is
heavily dependent on pood work practices and wearing of effective pergonal
protective equipment.

NIOSH air sampling tesults obtained in the phenol and aniline facilities
during the survey as well as the many test resulta previously obtained by USS
Chemicals during past years {many included in this report) iIindicate that
employee exposure via inhalation to airborne phencl and aniline was well below
the current OSHA PEL value for these chemicals at the time of the survey.

Good hcusekeeping was ohserved throughovt the site; the FPhenol II and aniline
facilities were particularly well kept. Service to chemical customers was
also well handled., Information was presentated by the company in the forxrm of
Material Safety Data Sheets and excellently written and attractively preseated
brochures covering product characteristics, safe handling procedures, and
praoduct end use discussions,

A Haverhill practice which would be helpful to ather chemical processors for
use during bulk loading of product tank cars and tank trucks is the use of
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Venturi blowers pesitioned on the leading platforms s¢ as to augment existing
wind currents to rapidly disperse any vapors rising from loading hatches and
pipe closures.

River barge fransportation 1is a very important factor in Haverhill site
operation. The two~way traffic with cumene recelpts and acetone and alpha
methyl atyrene product shipment provides economic savings via lower
transportation costs and reduces site labor and handling requirements; which
in turn markedly reduces total potential occupational exposure.

Adequate teduction of fugitive wvapor and liquid emlssions from pumps and
agitator seals ha’ been accomplished 3in all three Haverhill processing
facilities through employment of wechanical seals based on the conditions
observed during the survey. Only a few double mechanical seals have been
required; single mechanical seals are successfully used over a wide range of
punping applications. VUSS Chemicals claims to have gn average pump seal life
of two years per pump. They compare this to a chemical industry average of
two seals per pump per vyear for continuwous processing operations. This
amounts to an approximate one to four seal replacement advantage — accounting
for a wmajor savings in maintenance operatlons and reduction of poteantial
occupational exposure,
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Table IX

FOREMAK - Responsibilitfies and Training Functions

II.

The responsibility for the aafety of aessigned employees and the safe
condition of the assigned work area is vested in the Foreman who is
accountable to the Ceneral Fereman.

The wminimum requirements will be met when the Foreman fulfills the
administrative, control, and training functions listed below,

A, Administrative Functlouns

1'

21

Each employee to receive at least one individval Safety Contact
a week.

Each Foreman shall:

a. Enforce BSafe Job Procedures as developed by Job Bafety
Analyses.

b. BReport weaknesses in Job Safety Analyses as revealed by
Safety Observations to General Foreman.

c. Report jobe not covered by Safe Job Procedures,
d. Participate in Job Safety Analysis conferences.

Instructs each employee in all Safe Job Procedures pertaining to
assigned work, and records {netruction,

Makes at least one Safety Observation per day, with each
employee being observed twice a month.

Reviews accildent causes as shown on Awarenegs Charts and direets
dally safety activities to carrect these cauwses.

Conducts weekly instruction of employees in Safe Jab Procedures,
safety roles and regulations: records instruction; and enforces
all Safe Job Procedures, safety rules and regulations at all
times.

Makes daily Inspections of assigned work area and takes
imnediate stepa to correct unsafe or unsatisfactory conditions;
reports to (General Foreman conditions which cammot  be
immediately corrected; iInstructs ewmplovees on housekeeping
standards; and requires Maintenance or Service employees to
maintaln these standards while in assigned wotrk area.

(cont inued)

40



Table IX (continued)

10.

11.

12.

13.

14,

15,

16.

Instructs employees that tools are to be inspected before each
use; makes daily spot checks of teol conditions; inspects each
tool in assigned work area monthly; wuses a check 1list for
tecording tool inspections; and submits check 1ist to the
General Foreman, noting type of defect and actiomn taken.

Instructs employees in visual Inspection before using wire rope,
slings, chaina, clevises, pins, spreaders, etc.; makes spot
checks daily of such dewvices in service; inspects weekly each
such device 1in assigned work area; and reports to General
Foreman.

Requires powered mobile material-handling equipment operators to
subnlit reports at the end of each turn; reviews reports and
takes prompt corrective actlon; transmits repotts to General
Foreman with commente on action taken; and dInspects such
equipment weekly in assigned work area.

Requires crane operators to submit reports at the end of each
turn; reviews reports; takes corrective action; and submits
reports to General Foreman with comments and action taken.
Maintenance Foreman will be assigned specific cranes for
inaepecting biweekly. Operating Foreman makes cranes available
for maintenance Inapection; requires cranemen to report crane
colligions or severe contact with runway bumpera; and takes auch
cranes out of setvice until Inspection 1s wade,

Maintains the identification of utlilities iIn assigned work area
according to plant requirements.

Takes action leading to the eliminarion or guarding of pinch
points.

Instructs personally each new employee in assigned work area on
job safety requirements; completes check list promptly; and
forwards it to General Foreman,

Enforces the plant Medical Department's recommendations with
respect to employee's physical limfitations; reports employee's
apparent physical limitations to General Foreman; and reguests
phyaical examination,

Enforces wearing of protective apparel; makes spot cheeks to
determine that protective apparel 1is being used; and makes
periodic checks to appralse condition of apparel,

(continued)
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Table TIX (continued)

17.

18.

Sees that injured employee receives prompt medical attentiong
isclates area or shuts down equipment, as necessary; and
immediately reports to the General Foreman the facts regarding
employee's accident or illness and action taken. In near
serious accident <cases, Foreman determines cause; takas
immediate steps to correct conditien; and 1sclates area and/or
shuts down equipment, as necessary. Foreman immediately reports
facts and action taken to the Genmeral Foreman.

Makes thorough investigation of 2all accidents, near serious
accidents, and medical cases occurring to employees in assigned
work area. Immediately after the accident and bhefore leaving
plant, he prepares a complete Foreman'se Accident Report for the
General Foreman.

B. Control Functions

ll

Checks, at the start of each turn and before relieving the
on—-duty Foreman, changes in operating practices, procedures, and
conditions, noting facts related to safety which have occurred
since last turn worked.

Makes, at the start of each turn, an immediate check to
determipe absentees. If plant injury is clalmed, an immediate
invearigation 1s instituted and Ceneral Foreman notified.

Makes daily spok checks and takes the necessary corrective
action regarding housekeeping, Unsafe Acts, Violations, uunsafe
conditions, tools, ladders, wire rope, chains, clevises, pins,
spreaders, etc., and adherence to aafety rules and Safe Job
Procedures.

Reviews <¢rane operators® ingpection reports dally and takes
necessary action.

Reviews powered material-handling equipment operators!’
inspection reports daily and takes necessary action.

Submits to General Foreman a vwritten report monthly of
inspections of tools, ladders, and wire rope, chains, cleviees,
pins, spreaders, ete.

€. Training Functions

1.

2.

Attends all scheduled and assigned safety training meetings.

Instructs personally or provides on-the-Jjob i1nstruection to
employees Iin safe and efficient performance of assigned jobs.

Participates as assigned in Job Safety Analyais Conferences.
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Table X

Results of Full Shift Phenol Vapor Evaluations

Gonducted by USS Chemicals

Regults, ppm*

No. of
Date AREA SAMPLES Samples High Low Ave,
3/1-6/76 Bottoms pump, near phenol finiahing column 3 0.16 0.¢4 0.08
3/1-6/76 Reboiler pumps, near crude phenol column 3 0.03 0.00 0,01
3/1-6/76 Reboiler pumps, near phenolic flash drier 3 0.08 0.05 0.07
3/1-6/76 TBottoms pump, near splitter columm 3 0.16 0.06 0.13
3/1-6/76 AMS section pump 3 0.00 0.00 0.00
PERSONAL SAMPLES
Phenol Loading Area
2/8-10/77 Approximate breathing zone, Iloader, while 2 0.0 0.0 C.0
loading one phenol tank truck (5,000 gzl.)
2/8-10/77 Approximate breathing zone, loader, while 4 1.4 0.3 0.9
loading one phenol tank car (20,000 gal.)
2/8-10/77 Breathing height, along BR car leading dock, 2 4.0 0.0 0,0
between phenol cars (background sample)
2/8-10/77 Breathing height, under RR car leading dock, 1 - - 0.2
between phenol cars (background sample)
Phencl Plant Proper
2/8~10/77 Approximate breathing zone, Fractionation 1 - - 0.3
Man tending pumps
2/8-10/77 Approximate breathing zone, Auxiliary II 1 - - 1,2

Man, during Thursday afterncon asampling run

% Parts phenol vapor per million parta of air by volune,

Phenol alr samples

collected in vertical impingers cootalning dilute caustic scolution as the
collection medium.
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