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BEXECUTIVE SUMMARY

The prancipal objective of this study was to survey the health
hazardecus control systems used 1n the feormaldehyde production
industry to control exposures of 1ts personnel. Because formalde-
hyde 18 a wvery 1rritating chemical with low exposure limits (OSHA
time-weighted average permissible exposure laimit of 3 ppm), the
formaldehyde production industry has had to work diligently to
reduce the exposure to which 1ts employees are subjected. Thais
industry was selected for study, not with the thought that 1t was
badly 1n need of further contrels development or government regu-
lation, but rather that 1t has successfully learned to control a
hazardous chemical and that some of 1ts methods for deing this
might be very helpful 1f applied 1n other parts of the organic
chemicals manufacturing industry.

Representatives of the Monsanto Research Cerporgtion, Dayton Labo-
ratory, project team visited 11 of the 52 formaldehyde production
plants in the United States and, bhased upon these preliminary
visits, selected four facilities for detailed studies. These
plantis were selected to represent both of the principal processes
used to produce formaldehyde {(the metal oxide and the silver cata-
lyst processes), both large and small plants, and pliants from
different parts of the country {east, southeast, scouth, and west).

One-week on-site survey vislts were made as a part of each of the
four detailed plant surveys. These visits i1ncluded persconal and
area sampling for formaldehyde and methanol concentrations. Anal-
yses of these samples demonstrated that the plants wvisited were
well within OSHA standards during the times wvisaited,

Observations were made of work practices and centrol equipment
used by this industry to control formaldehyde expeosure. These are
descraibed in detail in this report, along with the conclusions
reached by the project team concerning these ¢ontrol measures and
their recommendations as to which worker practices and engineering
controls should be used to minimize worker exposure at formalde-
hyde production plants.
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1. INTRODUCTION

1.1 BACKGROUND

The National Institute for Occupational Safety and Health (NIOSH)
and the 1J.5. Envircnmental Protection Agency (EFA)} entered into an
interagency agreement to perform a study to determine the levels
of pollutants to which workers in the formaldehyde production in-
dustry are exposed and to evaluate the effectiveness of contrel
technologies currently used to minimize exposures. EPA contracted
with Monsanto Research Corporation (MRC) to perform the study on
the formaldehyde production industry, under EPA Contract Number
68-03-3025, entitled "Technical and Engiheering Services." MRC
was asslsted in the study by personnel from GEOMET Technologies,
Inc. (GTI).

Formaldehyde 1s definitely an irratating compound. Its long-term,
time-welghted average, permissible exposure limit (PEL) 1s only
3.0 ppm, as set by the Cccupational Safety and Health Adminastra-
tion {(O0SHA). Its short-term permisible exposure limit has been
set by OSHA as 5.0 ppm. It 1s well kKnown for its irritaticn of
the eves and respiratory tract, as well as i1ts causing nausea,
headache, tiredness, and thirst [1]. Formaldehyde solutions

cause eve damage and skin irritetion upeon contact. Some studies
have 1ndicated that fermaldehyde ¢an cause nasal cancer in labora-
tory animals. Most people note mild eye, nose, and throat irri-
tation at a c¢oncentration of only 1 ppm [2-3].

Methanol, which 1s always found at formaldehvde preduction plants
since 1t 1s the reactant from which the product i1s made, 15 much
less i1rratataing than formaldehyde. This 1s indicated by the fact
that OSHA has set the long-term, time-welghted average, PEL for
methanol at 200 ppm, a much less restrictive limit [4]. However,
methanel must alsc be svaluated as a potential fire and explosion
hazard.

Thig study of the formaldehyde industry was directed toward a
cross-section of production facilaities. Of prancipal importance
was the assessment of worker exposure to potentially hazardous
agents 1n the workplace and an evaluation of control technologies
applied to those agents. The worker exposure (1ndustrial hygiene)
study focused on formaldehyde and methanol as the agents of princi-
pal concern. The workforce exposed to such agents was 1dentified,
concentrations evaluated, and the cperations and process param-
eters of the work-site were characterazed.



The focus of the workplace control technology study was the assess-
ment of control technology currently in use for minimizing worker
exposure to harmful chemical or physical agents. This study was
done so as to emphasize the best worksites 1n the formaldehyde
industry -- those with the most effective methods and practices.
Since no one plant 1s likely to be best in all aspects ¢of formal-
dehyde contrel, 1t was important to survey a representative sample
of the best-controlled plants to increase the probability of find-
ing a high percentage of the best practices. It 1s expected that
studies such as this which concentrate on the effective ways of
controlling chemial exposure will be helpful 1n providing guldance
for a wide variety of situations in various industries.

This assessment l1ncluded examination of processes and precess
equipment, Control effectiveness was determined through obgerva-
tion of work practices; examination aof the egquipment conditicn
and engineering controls {(e.g., ventilation), monitoring devices,
and perscnal protective equipment; and air sampling and analysis.

1.2 SCOPE OF WORK OF THE INDUSTRIAL HYGIENE/CONTROL TECHNOLOGY
ASSESSMENT (IH/CTA) STUDY

The objectives of thas IH/CTA study were to:

a. evaluate the state-of-the-art control technology in the
formaldehyde production industry,

b. 1dentify potential hazards to workers,
C. evaluate these potential hazards for the effects on workers,
d. evaluate the effectiveness of aindustrial hygiene control

programs to control these potential hazards,

e. assess current formaldehyde production technology with
respect to control of potential exposures of workers,

f. assist the transfer of control techneclogy inter- and
intra-industry, and

g. 1dentify processes for whilich engineering controls are not
avallable or are 1neffective, where further research and
development are needed, and to ihdicate priorities for
application of control technology.

The study was divided inte two phases; preliminary surveys and
detailed surveys. Preliminary industrial hygiene surveys (PIHS)
were conducted at 11 plants, representing a cross-section of for-
nmaldehyde production facilities. Contrel equipment and worker
practices were discussed and cobserved. Walk-through surveys
(plant tours) were conducted at each plant. Potential exXposures



to hazardous agents and technologies used to control those agents
were 1dentified. Reporls were prepared on the findings from nine
of these surveys [5-131.

Four plants were selected from the eleven for detailed industrial
hygiene surveys, based on the prelimanary survey findings,

The plants chosen were selected because they used the best control
technoleogy and work practices seen during the preliminary surveys.
Plante selected included large (>140 % 10% pounds per year), and
small (less than 100 zx 10¢ pounds per year) plants, plants which
1ssued both types of catalyst, and plants located i1n widely
separated parts of the country (east, southeast, south, and west).
The detailed industrial hygiene surveys included the following
activities:

+  observation of operator work practices,

quahtitative determination of worker exposure through per-
sonal sampling,

+ evaluation of engineering centrol techniques, monitoring
devices, and persconal protective eguipment used by the
industry to reduce exposures, and

preparation of a detailed plant visit report for each of the
four surveys, detailing worker practices and evaluating the
engineering contrecls used by the plant [14-17].



2. FORMALDEHYDE PRODUCTION PROCESSES

Commercial capacity for producing formaldehyde in the United
States duraing 1%80 was over 8.5 billion pounds [18]. Fifty-two
plants representing fifteen companies were i1nvolved in formal-
dehyde manufacture. These plants are widely dispersed as shown
1n Figure 1. Most of the formaldehyde produced i1s used on=-site
to produce resin for plywood, particle board, or plastics.

Over &l percent of the formaldehyde preoduced 1s used 1n resin
production [19].

Formaldehyde produced i1n the United States 1s manufactured by two
general processes. One process using a metal oxide catalyst is
shown schematically in Fiqure 2 [20]. The other, which usesg a
g1lver catalvst, 1s depicted in Figure 3 [21]. These two proc-
esses are very similar except for the addition of a distillation
colunn in the silver process tc concentrate the aquecus formalde-
hyde to a usable concentration and te reduce i1ts methancl content.

Methanol, normally yeceived from offsite, 1s transferred from
storage tanks and vaporized 1n a vaperizer. Vaporized methanol,
mixed with preheated air, enters the converter and i1s oxidized
{or dehydrogenated and oxXidized i1f silver catalyst is used) to
formaldehyde. Typically, the converter has a packed tower con-
figuration, kut catalyst beds are alsc used. Efficiency of con-
versicn of methanol to formaldehyde range from 65 to 90 percent
for the silver process and i1s approximately 99 percent for the
metal oxide precess [22].

After conversicon, the hot formaldehyde gas {(the reactor i1s gen-
erally operated at approximately 635°C [22]) 1s cooled in an
aftercooler to a temperature of about 70°C and then absorbed in
water. Agueous formaldehyde solution 1s recirculated through the
absorption tower until the desired concentration i1s achieved., If
a si1lver catalyst 1s used in the converter, the product 1s concen-
trated 1n a distillation ¢olumn, a step 1n which methanol 1s also
recovered. Formaldehyde 18 generally stored as a 50 percent soclu-
tion at 50°C (which helps prevent 1ts spontansous polymerization
to form paraformaldehvde).
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3. SUMMARY OF INDUSTRIAL HYGIENE AND SAFETY PROGRAMS

3.1 INDUSTRIAL HYGIENE AND SAFETY PROGRAMS

All of the plants surveyed are provided a written safety and
health program from their corporate headquarters. Wwhile most
plants are required to strictly adhere to the corporate program,
others can modify the program acgording to their own specific
plant operations. ©Of those programs which are modified by the
plant, some programs have become almost autcnomcous 1n cases where
the corporate office feels the program has been successful and
accident and 1llness experience has been acceptable.

All of the plants surveved conducted safety meetings. Most meet-
ings are attended by management safety committees. Important
information 1s transferred to workers through their supervisors.
Routine safety and health inspections are cenducted at some plants.

Some plant corporate ocffices have developed safety manuals which
are distributed to all employees. Others include occupational
safety and health directives in sections of their plant employvee
manuals. One plant informs employees of recent formaldehyde health
hazard findinhgs by posting articles on the formaldehyde unit con-
trel room bulletin beoard.

3.2 MONITCORING

Although most (8 out of 9 plants) have not routinely sampled for
methanol since they feel 1t 18 not a major problem, they all have
taken or were in the process of taking formaldehyde samples. All
sampling is being performed by corporate industrial hygienists or
by plant personnel {chemists, technicians, i1ndustrial hygienists,
etc. ) uhder corporate industrial hygiene supervision. Some 4 out
cf 9 plants have set their own internal standards lower than the
OSHA PEL, and have implemented improved controls to reduce expos-
ures to a level acceptable by the corporate office. One plant has
c¢haracterized the fermaldehyde exposure for each exposed employee
within a specific exposure zone. Their the objective is to further
reduce employee exXposure, 1f necessary.

Many different sampling methods have been used, i1ncluding the
sodlum biaisulfite impinger method (use of one impinger or two an
serles), silica gel tube methed, passive dosimeter badge method,



continuous direct reading instrument method, colorimetric detector
tube grab sample method, and Tenax sampling tube method. The
methods used by the different plants surveyed are listed below:

Flankt Method{s) of Formaldehyde Analysis
A Impingers, sodium bisulfite
B Colorimetric detector tube

Dogimeter badges
Continuous readihg wet chemical instrument

C S1lica gel tubes
Two 1mpingers 1n series, filled with sodium baisulfite
D Impinger method, sodaum sulfite
E Impinger method, sodaium bisulfite
F Dosimeter badges
Direct reading wet chemical instrument
G Impinger method, sodium bisulfite
B None 1n routine use
1 Colorimetric detector tubes

Impinger method, sodium bisulfite
Tenax tube method

3.3 CONTINGENCY PROCEDURES

Contingency precedures for fire, explosion, and chemical spills are
well defined at most plants. Only one of the plants did not have

a written emergency chemical spill program. Aancther plant's fire
containgency procedure was sco theorough that fire drills, which are
conducted during all shifts appreximately 10 times per year, 1in-
clude simulation of release of toxXic air contaminants.

3.4 ACCIDENT AND ILLNESS EXPERIENCE

Since operations began, most of the plants surveyed have experi-
enced very few compensable lost-time accidents or i1llnesses,
although such events have occurred. On-site reviews of OSHA plant
safety and health records were made at two of the plants at which
in-depth surveyvs were done. Neither of these two plants had
reported 1llnesses due to chronic inhalation of formaldehyde or
methanol.

3.5 TRAINING

All plants provade on-the-job training as a part of their new
employee safety and health program. Some plants provide detailed
classroom jJob training. ©One plant used a process simulator and
showed their ocwn safety- and health-related training films.
Several plants begin workers i1n a probaticnary status, in which



the worker is supervised daily by an experienced worker or super-
visor. Workers are then advanced as they become more responsible.
Some plants have written operating precedures for each specific
operaticn, such as loading, unlecading, process sampling, etc., and
train workers in proper operating procedures 1n the classroom and
as a part of their probationary on-the-job training. ©One plant
retrains employees in safety every two years. No other plants
informed the survey team of any safety retraining program.

Most plant workers are trained in first aid, and some are also
trained in cardiopulmonary resuscitation. One plant sent 1ts
workers to a hazardous chemical handling course put con by the
state.

3.6 MEDICAL MONITORING PROGRAM

Almost all (B out ef 9) of the plants give pre-employment physical
examinations to all employees, Two of the plants require their
employees to take pericdic specialty physiaical examinations for
specific toxic exposures, whereas another plant requires a general
perzedrc physical examination. One of the larger plants has a
part-time on-site occcupational physician and a full time on-site
registered nurse. The larger plants seem to have either a full-
time registered nurse on-sitée or a part=time onwsite nurse

3.7 PFPERSONAL PROTECTIVE -~ EQUIPMENT (PPE)} AND SAFETY EQUIPMENT

All plants are equipped with emergency eye washers and showers

at key leccations, such as formaldehyde loading areas and the
production units. One plant was not egquipped with an emergency
eye wash and shower at the methanol unleading area. Most (8 out
of 9) plants reguired workers to wear hard hats and safety glasses
while on the company premises.

The following PPE 1s required for specific operations listed:

Formaldehyde Loading

Most {7 oul of 9) plants reguired gloves tc be worn. Only five
plants required respiratory protection during loading. Respira-
tory protection reguired was either a half or full-face organic
vapor cartridge respirator. Fit testing of respirators to in-
dividual operators was only being done at one of 9 plants during
the visits, although another plant was i1nitiating such a program.

Methanol Unloading

The majority of plants reguired gloves to be worn. Only one plant
regquired a half-face organic vapor cartridge respirator to be worn.



Process Sampling and Analysis

Most plants required gloves to be worn during sampling collection.
Only one plant regquired the wearing of a full-face acid gas cart-

ridge respirator during sample collection. No perscnal protective
equipment was required during sample analysis.

Formaldehvde Gags Sample Withdrawal

The plants that reguired the taking of a gas sample required
gloves and either a half- or full-face organic vapor cartridge
resparator to ke worn during colleg¢tion,

Formaldehyde Storage Tank Entry

Numerous plants required a full-protective suit, gloves, and boots
to be worn when working inside formaldehvde storage tanks. Also,
most plants required respiratory protection to be worn. Scme
plants reguired respiratory protection to be worn only 1f tests
taken prior to entry for formaldehyde concentration, oxygen con-
tent, and lower explosive limit 1ndicate a potentially hazardous
environment. Four plants require ailr-supplled respirators as
respiratory protection, one required a self-contained breathing
apparatus, and ancther required a full-face cartridge respirator
approved for acid gas and organlic vapors.

Maintenance - Major Leak Repair

A few (2 out of 9) plants require maintenance personnel to wear
gloves when repairing a major leak. Alsoc, respiratory protection
18 usually {at 6 out of 9 plants) required. Most ¢of the plants
had wraitten respiratory protecticon programs. Types of respira-
tory protection worn are a half-face organic vapor cartridge
respirator, a self-contained breathing apparatus or supplied-alr
regspirator, or a full-face gas mask approved for acid gas,
organic vapors, toxic dusts, and mists.
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4. SUMMARY OF WORKER JOB DESCRIPTIONS

work practices are summarized below for the types of workers invo-
lved 1n formaldehyde production.

FORMALDEHYDE UNIT OPERATORS

in general the formaldehyde unit operators perform a wide variety
of operations, including monitoring and control of the process,
the taking and analysis of proceses samples, blending and leading
the formaldehyde, and the unloading of methanol. At one of the
plants wvisited, the chief operators were also responsible, along
with the unit operators, for operation of the formaldehyde units.
At this plant, the chief coperators were located in a separate
building and were directly responsible for the operation of the
units, while the unit operators did the blending and lcading of
the formaldehyde, the process sampling and analysis, and the
methanol truck sample analysis. At that plant methancol unloading
was done by the truck driver who delivered it.

At another plant the unit operators were responsible for the
operation of boiler house controls which were located within the
contrel room from which they also operated the formaldehyde units.
At that plant the unit operators did not unload methanol since 1t
was manufactured on site. They alsc did not load formaldehyde
since that wasg the responsibility of blender and loading operators,
who were physically located at the loading stations rather than in
the control room.

The unit operators spend a significant amount of their time (30%
to 80%) in the unit control buildaing, either monitoring the con-
trols or analyzing the formaldehyde and methanel samples. The
unit operators nermally eat lunch at designated loceations withain
the control buildings.

211l unit operators are regquired to report major malfunctions and
leaks to maintenance perscnnel for repalr. They can perform minor
maintenance themselves. At one of the plants the operators were
required tc patrocl the unit every two hours to check for mal-~
functioning ecuipment and leaks. At the other plants the unit
operators are out in the eguipment area only during the process

of collecting samples.

11



CHIEF OPERATORS

One of the plants empleoyed chief operatcrs. One chief operator 1s
assigned per shift to operate the controls for the formaldehyde
unit and for another chemical manufacturing unit. The contreols
for hoth units were located within the same building, This con-
trol building was located across the street from the formaldehyde
unit in the blending/centrol labeoratory building where the unit
operator worked. The chief operators spent the majoraity of thear
time within the control building. It was also their responsibil-
1ty to check and to blow down beilers once or more per shift as
needed. This required them to enter the formaldehyde reactor
area.

BLENDER OPERATORS

One of the plants vaisited employed blender operators whe operate
the controls from a blending control building. It was their job
to transfer formaldehyde solutions between tanks within a central
tank farm and to load rail c¢ars or tank car trucks whlle using in-
line blending to insure uniformity of product. Blender operators
spend approximately 80% cf their time within the blending control
building, but they work only during the day shift. The blending
operator dces leave the building occassicnally to read level
gauges on hold tanks, to open valves to transfer solutions, or to
collect holding tank samples to be analyzed by the plant's main
laboratory personnel.

LCADING OFERATORS

Cne of the plants employed loading operators, whose job 1t was

to joad formaldehyde and other chemicals manufactured by that
same plant. These operators were assigned at the central loading
location for the plant and were assigned to either load the tank
trucks or rarl cars. These loading operations were done only
during the day shift, The specific procedures they used are dis-
cussed 1in Sections 5.1.2 and 5.1.3.

PRODUCTION SUPERVISORS

At one of the plants, production superviscors supervised the for-
maldehyde operation during the day shift. Their coffice 1s across
the street from the formaldehyde unit and is next to the unit
contrel building where the chief operator works. The production
supervisor works in the formaldehyde unit area when necessary to
insure smooth operations and as a result has the potential of be-
1ng exposed to formaldehyde gas.

12



MATINTENANCE PERSONNLEL

Each plant provides maintenance personnel for upkeep of the fox-
maldehyde unit. At most of the plants the malntenhance personnel
are responsible for maintenance of the entire plant 1n additicn
to the formaldehyde unit itself. AL one of the plants the
maintenance personnel were responsible for maintenance for the
entire plant complex. All of the maintenance personnel provide
maintenance only duraing the day shaift of a Monday thru Fraday
work week. They are on call for repair of any major malfunctions
or leaks.

One of the plants als¢e had service operators who provide mainten-
ance specifically for the formaldehyde unit and the other chemical
manufacturing units run by the chief operater. These service
operators work on all three shifts, but most of their time 1s
spent in manfacturing areas other than the formaldehyde production
facilities. These service operators provide miscellaneous maln-
tenance service and clean up as needed.

All regular maintenance personnel provide detailed maintenance for
the formaldehyde unit, which includes replacing the converter
catalyst, entering and cleaning tanks, repailr of formaldehyde and
methanol leaks, and repair of any type of malfunctioning equipment.
None of the plants visited cperated a comprehensive periodic maln-
tenance program, although one of the plants does try to maintain a
yearly turn-around formaldehyde unit maintenance program.

13



5. SUMMARY OF WORK PRACTICES

2 1 SPECIFIC PROCEDURES - FORMALDEHYDE EXPOSURE

3.1.1 Process Sampling and Analvysls

- Unit operators at all of the plants visited draw formalde-
hyde samples from the absorber for analysis. These sane
operators also draw samples from the distillation c¢clumn at
some ¢f the plants.

* The unit operators ceollect formaldehyde samples 1n glass <on-

tainers, either glass jars, Erlenmeyer flasks, or graduated
cylinders.

+ Each sample point i1s egulpped with a bkall wvalve to facilitate
the ¢ollection of gamples.

+ All unit operators purged the sample line into the collection
device 1n order to cbtain a reliable sample.

Purge from the sanple points at most of the plants 18 dumped
into a nearby catch basin, which recycles the purge back to
the unit or 1s directed to a c¢losed collection tank or to the
plant sewer system. Purge from the sample peint at one plant
was dumped i1nto a bucket below the sample point. This bucket
1s covered, and the accumulated purge selution in the bucket
18 dumped 1i1nte the unit sump by the unit coperator at the end
of each shift.

The collection device used at most of the plants 1s then
fi1lled and stoppered or covered with a screw top. The unit
operator at one plant fills a graduated cylinder and leaves
it open, allowing continuous vapor loss to the workplace.

Indirect sample collection devices which do not require
purging and sample enclosures such as those described by
Lovelace [23], are not used by the formaldehyde industry.

The collection devices are then manually transported to the
control room for lab analysis.

+ The unit operateors then runs percent methanol, formic acid,
and formaldehyde analyses within the control room as follows:

14



= At one plant all analyses are run within a ventilated
{less than 100 feet per minute inward face veloclity at
the time of the survey) lab hood. Fercent methanocl 1s
determined by a specific gravity test, formic acid is
determined by titratling a sample aliquot with sodium
hydroxide, and percent formaldehyde 1s determined by
titrating a sample aliguot with sulfuric acad.

- At awnother plant, the percent formic acid i1s analyzed by
titration with sodium hydroxide i1n a ventilated lab hood.
Percent formaldehyde 1s determined by titration of a sam-
ple aliquot with hydrogen chloride outside the lab heod.
For the percent methancl determination, acetonitrile 1s
added to an aliquot ¢of the sample within the lab hood and
a 5 pL portion 1s injected i1nto a GC located cutside the
lab hood.

- At a third plant, small vials are filled with sample ali-
quots within a ventilated lab hood. The vials are then
weighed outside the hood. Three formaldehyde determina-
tions are performed in the lab heod by titration of sample
aliguots with sulfuric acid. A peortion of the absorber
gample 1s titrated in the hood with sodium hydroxide to
determine percent formic acid. Approximately 4-5 mL of
sample are taken from the streawm from the top of the
distillation column, and an aliquot 135 injected inteo a
GC located outside the hood to determine the percent
methanol.

- At the other plant, each unit operator performs analyses
on =ach absorber sample within a ventilated laboratory
hood. An aliquot of each absorber sample 1s poured by
each unit operator into an Erlenmeyer flask, which is
placed 1n a temperature-controlled cabinet within the lab
hood. The collective seclution 1s analyzed for percent
formic acid and formaldehyde once every third shift by
that shaift's unit operator. A specific gravity analysis
15 also performed. The specific gravity test is performed
inside the lab hood. A sample 1s automatically titrated
with sodium hydroxide outside the hood to determine per-
cent formic acid. Another portion of the sample 1s also
titrated auvtomatically outside the lab hood with sulfuric
acid to determine percent formaldehyde.

- At one plant, formaldehyde gas sample 1s usvally drawh by
the unmit operator or guality contreol supervisor once every
third shift, or more often 1f process changes such as
catalyst adjustment are invelved. The sample 1s drawn
into a syringe through a sample wvalve i1n the aftercooler
inlet. The sample 1is then injected inte the GC in the
control room.
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5.1.2

- At two of the plants, unit operators dump sample analyses
waste down a sink within the lab hood, which either re-
circulates the waste back to the formaldehyde unit or to
the plant's waste treatment facility. At another plant,
the unit operator dumps analyses waste into an open 500-mL
flask within the hood. When the flask 1s full, the unit
operator will dump the collective waste into a dump lccated
outside the blending contrel//laboratory building.

= Unit operators or the blender operator at one of the plants
collected samples 1n glass jars from final storage or blend
flasks prior to or during leading so as to verify required
solution concentrations. As with collection of regular
process samples, maost purges are dumped inte a nearby catch
basin, which recycles the purge back to the unit, to a
closed collection tank, or to the plant sewer system. &
purge from the sample poant at one plant i1gs dumped i1nte a
bucket below the sample point. The bucket 18 covered and
the scoumulated purge solution i1s manually dumped into the
unit sump by the unit operator when the bucket 1s filled.

- Once the sample 1s collected, the jar 1s covered. Those
unit operators who cellected the sample transpert the
sample back to a control room or blending control/lab room
for analysis. At another plant, the blender operator who
collects the sample gives the sample to another plant
worker who transports it to the main lab for analysis by
lab technicians. Analyses performed are either all or one
of the following: percent formaldehyde, percent formic
acid, or specific gravity. These analyses are performed
as previously described for regqular process samples.
Analysis waste 13 also eliminated as previously described.

Tank Truck Loading

Tank truck loading 1s performed at two of the plantis by the
unit operator, at another plant by an independent truck
driver under unit operator supervision, and at the fourth
plant by a leoading operator who only performs formaldehyde
or other chemical loading. Unat operators may perform for-
maldehyde resin or other chemical loading, depending an what
products are manufactured at the plant.

Loading 1s performed at some plants only duraing the day
shift and at others during all shifts. The freguency of
leading 1s dictated by the market available for each plant.

Prior to loading, the truck hatch 1s opened. At one of the
plants, a dip tube 1s 1inserted through the hatch opening.

At two of the other plants, a dip tube 15 inserted through
the hatch opening and & rigid local exhaust wventilation duct
1& positioned in or slightly above the hatch opening. At
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the fourth plant, an air displacement duct and the loading
line are connected to the tank top next to the open hatch
with guick connect fittings.

+ All plants utilize automatic delivery and metering. Either
the unit operator or the blender operator initiates loading
by operation of lvadinhg controls. These are located elther
on an outside panel at the loading site or within a control
burlding cr shed adjacent to the loading site

- Some unit or lvading operators remain at the loading site
mogt of the time, while otherg are able to leave the area
for the majority of the loading time.

+ At one of the plants, a sample 135 collected when the truck
tank 1s approximately half full. If the sample meets speci-
facations, the truck i1s completely filled, the loading line
15 flushed with air, the line i1s removed, and the hatch 1s
closed. At the remaining plants, the tank 1s completely
filled and either the loading line 1s flushed with airr, the
line discennected, and a sample c¢ollected, or a sample 1s
collected and the loading line 1s flushed with air and dis-
connected.

The sample 15 collected by lowering an open glass Jar on the
end of a chain or dip stick through the open hatch into the
solution. The filled 3jar 1= removed from the tank solution,
covered, and transported either to a control reoom lab or
main plant lab for analysis.

Most truck samples are usually analyzed for percent fermalde-
hyde and formic acid. A specific gravity test i1s also run
on truck samples at one of the plants. All analyses are per-
formed as previcusly described for process samples.

- Once the delaivery line is purged and this line and all exhaust
and arr displacement ducts are disconnected, the hatch 1s
closed,

Any formaldehyde spills on the trucks, ground, or contaml-
nated equipment are hosed down with water. Dralnage sumps,
which are situated at some truck leading sites, conduct con-
taminated water to the plant wastewater treatment facility.

5.1.3 Railcar Leoading

- Rairlcar leoadaing 1s performed by the vnit operator at three
of the plants and the loading operator at the fourth plant
at which detailed suirveys were done. These workers may
perform formaldehyde resin or other chemical loading, depend-
1ng on what products are manufactured at the plant.
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Raillcar loading is performed less frequently than tank truck
loading at the plants visited.

At three of the plants at which detailed surveys were made,
the cars are top-loaded, while at the fourth, cars are
bottom-loaded.

The lgading setup was different at each of the four plants
surveyed. At one plant, the unit operator opens the hatch,
inserts a dip tube, and initiates loading by gperating con-
trols 1in a blending shed located away from the loading site.
At another plant, the unit operator opens the hatch, con-
nects a reinforced flexihle delivery line to the hottom of
the car with the use of a ¢quick-~connect fitting, and then
initiates loading at a control panel located at the loading
gi1te. At the third plant, the unit operator opens the hatch,
positions an exhaust duct over the hatch, inserts a dip tube
into the car and inatiates leading through operation of auto-
matic controls in the adjacent blending control/lab building.
At the fourth plant, the loading operator connected the de-
livery line and an air displacement duct to a retrofitted
rai1l car dome and the blender operator initiates loading by
operation of computerized c¢ontrols in the adjacent blending
c¢ontrol building.

Formaldehyde 1s automatically metered at all the plants.

Some unit or loading operators remain at the loading site
most of the time, while at other plants they are able to
leave the area for the majority of the lcading time.

After loading 15 complete, the unit cperatcor at two of the
plants flushes the delivery line with air, removes the dip
tube from the car, obtains a sample, and ¢losesg the hatch.
At a third plant, a sample 1s collected when the car is ap-
pro¥ximately half full. If sample analytical results meet
specifications, the car 18 filled, the dip tube 18 purged
with air, the dip tube and exhaust duct removed from the car,
and the hatch closed. The lcading operater at the fourth
plant must visually check the level of sclution 1n the car
by opening the second non-retrofitted dome near loading com=-
pletion. This 1s a result of a malfunctioning computerized
metering system. The solution level 18 verbally relayed to
the blender operator in the blending control building until
the car 1s properly filled. ©Once the car 1s filled, the
loading operator obtalns two samples, the delivery lane 1s
flushed with air, the delivery line and air displacement
duct are removed from the retrofitted dome, and the second
open dome 1s closed.
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-+ Samples are obtained by lowering open glass jars on the end
of a chain, or dip stick through an open hatch into the for-
maldehyde sclution. Filled jars are raised out of the car,
covered, and transported to the control building or main labk
for analysis.

« Most samples are usually analyzed for percent formaldehyde
and formic acid. A specific gravity test 1s also run on
rail car samples at one of the plants. All analyses are
performed as previously described for process samples.

+ Any formaldehyde spills or contaminated equipment are hosed
down with water. Drainage sumps are situated at some loading
sites which direct contaminated water to wastewater treatment
facilities.

5.2 BGPECIFIC PROCEDURES - METHANOL EXPOSURE

5.2.1 Unloading

+ At two of the plants, the unit operator unloads methanol
from rail cars. At the third plant, an independent truck
driver performs all truck unlecading activities. Methanol
15 manufactured on site at the fourth plant and pumped 1n
an encloged system te the unit.

Methanol i1s bottom-unleaded.

+ Prior to unloading, the unit operator withdraws a sample
from the rail car.

The top hatch 1s left opened. A quick-cennect adapter is
connected to the car discharge outlet and a reinforced rub-
ber flexible hose with quick-connection fittings i1s attached
to the quick-connect adapter.

» Oceasionally, a small guantity of methanel spills on the
ground (when the cap 1s removed from the car discharge out-
let prior to unlioading).

Prior to unloading, the unit operator at ¢one plant bleeds
the unloading line air, and a small amount of methanol is
purged from the line into a bucket. This methanol i1s either
back-fed intc the line by suction, or 1f the guantity i1s
very small, the unit operator manvally dumps the methanol
back i1n the rail c¢ar through the hatch.

- The unloading pump at another plant 1s kept continucusly

praimed. An uncovered glass judq 15 kept beneath the tank car
loading platform for priming by the unait operator 1f needed.
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- Once the unit cperator initiates unloading, he leaves the
unicading site for the majority of unloading.

* Unloading at one plant takes 8-10 hours, whereas unloading
at ancther plant can be completed within an 8-hour shift.

- Once unleading 1s complete, the unit operator bleeds the un-
lcading line, disconnects the unloading line, and then
closes and secures the top hatch.

5.2.2 Sampling and Analysas

» At the two plants where the unit operator unloads a methanol
rail car, the unit operator withdraws a sample from the car
pricr to unleoading. This 1s done by either manually dipping
an open glass jar intoe the methanol or dipping an open
glass jar on the end of a dip stick into the methanol. The
1ar 1s dipped into the methanol by inserting it through the
open top hatch.

« Once the jar 1s filled, 1t 1s removed from the car capped,
and transported to the ¢ontrol room for analysis.

+ At the plant where an independent truck driver unloads
methanol, the sample which the truck driver collecits 1s
hand-delivered by the truck driver to the unit operator in
the blending control/lab building for analysis by the unat
operator.

+ Each unit operator performs a different set of analyses.
They are the following:

- boiling point determination within an adequate exhaust
ventilated laboratory hood.

- Injection of a portion of the sample into a GC or an
occaslonal specific gravity test run in an adequate
exhaust-ventilated laboratcry hoed.

- A specific gravity test performed cutside an existing lab
hood without the benefit of local exhaust ventilation
control.
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6. CONTRCL TECHNOLOGY

6.1 GCENERAL PROCESS

6.1.1 FPotential Problems

Several areas of formaldehyvde prceducticn ¢reate a significant
exposure potential for workers during a normal eight-hour shaft.
In an effort to protect the worker in these areas, plants have
installed a variety of engineering controels that prevent or reduce
emisslions from process egquipment or operations., The engilneering
controls found at the formaldehyde plants during the pre-survey
and detailed survey visits are discussed below.

Formaldehyde production accurs by vaporizing methanol and convert-
1hg 1t to formaldehyde over a metal oxide or silver catalyst, ab-
sorbing the formaldehyde to make an agueous solution, which i1s then
shipped to the point of use. These operations involve high temper-
atures, moderate pressures, high noise levels, and potential leak-
age of hazardous materials.

Parts of the system are operated at elevated temperatures. The
methanol vaporizeor must evaporate the methanol (normal boiling
point 1s 65°C), which 1s potentially “touch hot', the temperature
at which human reflexes are not fast enough te prevent burning
anes fingers 1f the hot cobject 15 touched. The reactors which
oxidize the methancl to formaldehyde operate at approximately
635°C. The absorption of the formaldehyde and water takes place
at approximately 70°C, and the product 1s stored at 50°C. Workers
are protected from the socurces of heat by insulation on the system
components and by the use of a continuous system whaich does not
requlre the gperators to be in physical contact with these pieces
of equipment under normal circumstances.

Pressure 15 needed to force the air/methanol mixtures intec the re-
actors. This produces a potential for wvapor leakage. The blowers
or compressors used to force the ailr/methanol mixtures into the
reactors run at high speed and produce high noise levels,

There are numercus sites of potential leakage i1n a formaldehyde
production system., A production unit might have from two to twenty
reactors connected into a single system. Numerous valves are neesd-
ed to 1solate individual reactors. The reactors vary 1n diameter
from a few 1nches up to eight feet 1n diameter, hence, the size of
the valves needed varies considerably from plant to plant. This
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1s 1independent of the type of catalyst used. Other wvalves are
needed to contrel flow rates. There are also many flanged joints
and pump seals which could leak.

6.1.2 Engineering Control Approach

The first line of defense for this process 1s the use of a closed
process. Formaldehyde production systems are always continuous,
from methancl storage up through the absorber. The piping network
used 15 either welded or flanged and gasketed. The reactors are
gasketed. The valves used are tightly packed gate and globe valves,
with gaskets made of heat resistant fiber. Indawvidual reactors

are often valved so they can be i1solated to repair leaks 1in one
reactor while the others are still in operation.

The clogsed systems are provided with protection te minimize
exposure to personnel in cases of malfunction. The formaldehyde
production systems are continuously wmonitored and are shut down
automatically 1f malfunctions are detected, normally by turning
off the methanol feed pumps, and i1in some cases, alsoc by turning
off the ailr compressors. Malfunctions for which the systems are
monitored include 1) too high a temperature at the reactor, indi-
cating heat exchange i1nefficiency, 2) low temperature at the
reator, i1ndicating poor conversion, 3) toco high an oxygen concen-—
tration, caused by poor system contrel, 4) toco high a pressure at
the reactor, caused by catalyst plugging or blinding or S5} low
conversion 1n the reacteor, indicating the channeling in the
catalyst bed.

The closed systems are equipped with rupture discs, which prevent
intensive equipment damage 1f the automatic procedures for shut-
down fail or act too slowly. The rupture digcs are normally equlp-
ed with explosion shields to protect workers. Rupture would re-
sult 1n a gas release which could exposze workers, but 1s much pre-
ferred to allowing continued overpressurization with a possabilaty
of catastrophic failure.

Heat exchangers are used to control the reactor temperature, and
indirectly the reactor pressure, They are often used to heat or
vaporize the inlet stream to the reactors and to cool the product
gases.

Most of the formaldehyvde production plants in the U.S. use open

a1y structures rather than enclosed building te contain the equip-
ment. This allows dilution by natural ventilation, which minimizes
the build-up of formaldehyde or methanol concentrations 1n an area.
It also prevents the build~up of heat and hence reduces the cooling
needs for operator safety and comfort. The only negative factor

to the open air structure 1s that i1t exposes the equipment to wea-
thering and thus may increase maintenance.
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The formaldehyde production facilitles are designed to limit the
amount of taime the operators stay in the production area. Only
infreguent equipment checks are needed. Maintenance problems are
infrequent. Once a system 1s set 1n operation, 1t often runs
continuously for six months or more without being shut down.

6.2 METHANOL HANDLING

6.2.1 Potential HaZards

Direct contact with liguid methanol does present certain hazards.
However, methancel 1€ net highly toxic. The OSHA time-welghted-
average 1s only 200 parts per million. However, methancl 1s
fiammable, and 1t does have a sufficiently high vapor pressure
(100 torr at 21.2°C) to cause the formation of flammable concen-
traticns 1n air at room temperature.

The application of engineering controls to methanol handling is
made more difficult by the intermitent operation and batch process-
ing mode which typifies the unloading of tank trucks and rail cars.
Direct coperator activities reguire them to open hatches, to hook

up flexible unloading lines, and to release thege 1ines after the
unleoading 1s finaished. The sampling done to check the purity of
the deliwvered methanol also 1s done by the operator. It may expose
his gloved hand or his arm as he uses a reach extendor such as a
c¢haln or rope attached to the bottle holder This operation 1s

the one with the greatest opportunity for methanol contact. It

1s generally controlled only by the use of personal protective
egquipment.

6.2.2 Engineering Controls

Automation of methanol handling activities to reduce operator con-
tact with methanol could be done, although engineering ceontrols to
1solate the worker from exposure are made difficult by the inter-
mittant varied nature of this activity. However, several controls
have been installed at the plants visited to reduce potential
expesure of the worker.

The tank cars and rail cars in which the methancl 1s delivered are
always chocked before unloading. These tanks are also grounded
to prevent static electricity from igniting vapors. The operator
then uses flexible, reinforced rubber hose with quick-connect fit-
tings to connect the tanks in which the methanol 1s delivered to
those used for storage at the plant. This reduces the amount of
time te contact the unloading lines and, thus, reduces the expos-
ure potential. Self-priming or continuously-primed pumps are
found at the plants, which also minimize worker exposure. The
quick=-connect fittings are egquipped with neoprene gaskets, which
do an effective job of preventing leakage, and they are capped
when not in use to prevent vaporization of residual methanol ainto
the plant area.
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The methanol 1s pumped to the storage tanks using centrifugal pumps,
most of which are equipped with single mechanical seals to prevent
leaks. The methanol 1s recycled in some cases and pumped to the
seals to lubricate them. Double seal pumps could be used to mini-
mize leakage and exposure, 1f these were found to be problems.

The open areas promote natural ventilation to prevent the buildup
of methanol vapors. Underground piping used 1n some plants would
prevents methancl leakage from evaporating qguickly.

No engineering contrels were found for several of the sub-
activities that created some of the potential exposures, such as
sampling the methanol from the tank and opening the covers of the
tank. Both of these sub-~activities can create direct liqulid con-
tact. To prevent exposure, plants generally reguire personal
protective eguipment, such as, gloves, corganlic wvapor respirators,
and splash goggles. Methods such as those described in Lovelace
[20] could be used to minimize sampling exposure.

Methanol 1s stored 1n large storage tanks, typically with fixed
roofs, although several floating roof tanks were also found. Fixed
roof tanks were normally vented to the atmosphere, creating a po-
tential for methanol emissions. ©One plant used a small condenser
fitted with chilled plant water to condense and return any vapcr-
1zed methanol to the tank. No estimate was available on the emis-
sion rate from the tanks. Each methanol storage tank was grounded.
They were all diked to prevent accidental leaks or spllls from
contaminating large areas. Exterior level gauges also minimized
worker exposure teo methanol by preventing the necessity cof opening
the tank to determine how much was left in 1t. Some other plants
in the chemical 1industry store methancl in fixed-roof tanks with
internal floating-rocf c¢overs, but none of these were seen during
the plant surveys done as a part of this project.

Methanol was pumped to the production area by centrifugal pumps
with single mechanical seals. Automatic shut-coff valves allowed
autematic cut-off at the methancl scurce 1n case of system upset,.
The operators need to spend very little time in the area of the
methanol storage tanks, thus, reducing the potential for exposure
there.

6.3 ABSORBER AREA

6.3.1 Potential Problems

After the methancl storage area, the methanel flows through an en-
closed system and 1s converted to formaldehyde. The enclosed pro-
cess ends at the abgorber, where the hot gas 1s contacted by cool
water 1n absorber column. The absorber is the process contriol
point 1n that process samples taken from the absorper are uged to
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determined the reactor conversaicen efficiency. wWhen the operator
takes the sample, he 1g 1in direct contact with the formaldehyde
solution and there 18 the potential for spills.

The solution being sampled 1s high in formaldehyde concentration
{30 to 50 weight percent). The solution 15 also hot (30°C to
40°C). The vapor pressure from the hot concentrated formaldehyde
goluticn 1s significant and thus poses the potential for exposure.

The operators collect samples from the absorber during every shift
in order to cobtain good process control information. These regu-
lar visits offer the potential for exposure. In addition to the
petential exposure during the taking of samples, further possibil-
1ties for exposure occur during disposal of process sample purge
material and transport of the samples taken to the laboratory for
analysis.

The absorber 1s actually a closed system, except for the atmospherac
vent at the top of the column. This vent can release vapor emis-
sions that contain formaldehyde.

£.2.2 Englneering Controls

Twe of the plants return gases from the tep of the absorption
column to the process. In cone of them, the gas i3 fed back into
the process with recycle air, and at the other plant it 1s fed to

a waste heat boiler. The gas 1s recycled at one of the metal oxide
catalyst plants to help control the oxygen concentratien in the
rnlet air stream. Oxygen 1s used in the reaction seguence, and an
excess could create a potentially explosive situation. Since oxXy-
gen 1s consumed in the reaction, the gas reaching the absorber 1is
deficient and, hence, 1s an excellent source ¢f gas to dilute the
air fed to the reactors.

The si1ilver catalyst process produces hydrogen gas, which can nct
be returned to the reactors. HBowever, the heating value of the
gas 1s sufficient to supplement boiler operation at the plant.
Hot only 1s the energy recovered, but formaldehyde remissions are
reduced with the procedure. The hyvdrogen concentration can be as
high as 20%, hence, 1t has a significant fuel value.

In addition to gas emissions from the absorber, liguid formaldehyde
must be considered. TLiguid process samples are normally taken two
to four times per shift, depending upon the procedures specified at
each plant. The purge of the sample lines was done each time to
insure that the sample being taken was representative of the mate-
rial being produced at the time.

Some plants provide purge catch basins to control emissions from
the purge and prevent a secondary handling of this liquid. The
purged catch 1s either returned to the absorber by a pressurized
altr system or else 1s gent to the wastewater treatment plant. The
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alr-pressurized purge collectors alsc had a water flush system to
prevent formaldehyde sclution from remaining in the catch basin
These automatic discard stations are a significant improvement
over the normal bucket collection method 1h which excess seolution
18 dasposed of only when the purge bucket 1s full. Figure 4

shows the schematic diagram of a process sampling/purge collec-
tion system.
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Figure 4. Schematic ¢of process sampling/purge
collection system.
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The use of capped flasks and sample vial carriers keeps the for-
maldehyde exposure of operators down during the transport of sam-
ples to analysis laboratories. As a result of potential direct
exposure to liguid formaldehyde, plants typically regquire the use
of additional personal protective eguipment, such as gloves and
splash goggles. Respirators are also available, but are not used
1n most casges.

6.4 CENTRIFUGAL FPUMPS

65.4.1 Potential Problems

There are normally three to five pumps connected with each absorber.
S5ince these pumps are handling hot concentrated formaldehyde solu-
tion, the potential for leakage of hazardous material 1s present.
There 1s alsc the possibility of formation of paraformaldehyde
through the polymerization of formaldehvde. Paraformaldehyde can
etch pump shafts because 1t 1s acidic or score them because 1t
forms very hard deposits on the pump shafts. This can create
addational maintenance problems, with their attendent increased
formaldehyde exposure.

6.4.2 Engineering Controls

Most of the plants use centrifugal pumps with single mechanical
seals. These are better than pumps with packed seals because they
require relatively little lubrication, and they dc not have
paraformaldehyde formation, which so commonly occurs with packed
seals. The constant flushing action with mechanical seals pre-
vents the buildup of paraformaldehyde deposgits on them. This in
turn reduces leaks from the mechanical seal pumps. The recircu-—
lation of formaldehyde solution to the seals helps lubricate them
as well as to seal the face of the pump. Steam jackets are also
used 1n some cases since heat helps to prevent the formation of
paraformaldehyde on the seals. Fiber insulation boxes are also
used to keep the seals warm and prevent the formation of parafor-
maldehyde.

Pumps with double mechanical seals have been used on an experimen-
tal basis. If these were successful 1n reducing leaks and the
amount of maintenance needed, they could contribute to reduced
emissions. A brief study made during one of our surveys i1ndicated
that double mechanical seals could possibly reduce emlissions by a
factor of ten.

The numbher of centrifugal pumpsg i1n an average formaldehyde produc-
tion and shipping plant numbers approXimately 10. The use of
mechanical seals as copposed to packed seals appears to give better
controel of pump maintenance and emissions, thus, reducing poten-
ti1al exposure. The double mechanical seal pumps use an i1nert
material to lubricate, flush, and seal. They are reported in
literature to be much better than single seal pumps at preventing
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leakage. They are, however, significantly more expensive. The
leakage 1is reduced because the solution must pass through twe
seals 1nstead of one before 1t escapes from the system.

6.5 FORMALDEHYDE STORAGE AND SHIPFING

6.5.1 Potential Problemns

The operators have significant potential for exposure to formal-
dehyde during the loading of formaldehyde sclutlon into tank cars
and tank trucks. It is necessary for the operators to open the
hatches on the receiving tanks and then to introduce the hot con-
centrated solution into them. During the filling of the tanks,
the gas 1nside 1s displaced and can be expected to carry with it
some formaldehyde fumes. Sampling of the tank trucks and storage
tanks 185 necessary during these operaticns, duaring which time
operator exposure 1§ possible. Also, one must be concerned about
the potential for spills and hose down of the tank cars and tank
trucks after filling. Emissions from material on the ground could
also expose gperators. One can also geb emissions from the stor-
age tanks which breathe as they are filled and emptied.

6.5.2 Engineering Controls

Most formaldehyde production plants use formaldehyde on site 1n
resin or chemical manufacturing. However, most plants alsc pro-
duce excess formaldehyde during their seven day per week, 24 hour
per dav operation and sell 1t to off-site customers. For the
aqueous formaldehyde solutiens stored on site i1n fixed-reoof tanks
prior to shipment, the continual filling and emptying of these
tanks containing formaldehyde solution at 50°C can produce signif-
1cant emissions. Some plants put simple scrubbers on the atmos-
pheric vents to thege tanks to rvecover the formaldehyde which
exlsts from the tank as 1t 1s being filled. Using water sprays

of less than one gallon per minute 1n scrubbers with the pressure
drop of two to three inches of water, a weak formaldehyde solution
containing 1/2 to 2% formaldehyde 1s formed, which 1s recycled to
the process and hence becomes a part of the product instead of
becoming an atmospheric emission.

The sclution i1n the storage tanks needs to be maintained at approx-
imately 50°C to minimize paraformaldehyde formation. Heat can be
supplied to the solution by using external recycle pumps with a
heat exchanger. Good nixing 1n the tank occurs and this prevents
the need to enter the tank in case a repalr 1s needed on the heat
exchanger. Installed spare pumps allow flexibility in case of
hreakdown.

Another method to prevent having to enter the tank in the case of

heat exchanger maintenance 15 to place the heat exchanger on a
manhole cover which can be withdrawn from the tank in case a leak
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develops. One plant also uses a side agitator with a modified
seal to keep the solution well stirred to minimize paraformalde-
hyde formation and to minimize the needs for seal maintenance.

safety 1s stressed 1n a feormaldehyde tank storage area. The tanks
are grounded to prevent any spark discharge. The tanks are sur-
rounded by dikes which prevent the escape of any large spills. The
ground around the tanks 12 often cemented to prevent seepage 1nto
the ground. Safety showers and eye washer stations are located 1in
this area. The large amount of liquid transferred and the long
time necessary for i1ts transfer makes the formaldehyde shipping
area the most hazardous 1n terms of exposure. The ultimate solu-
tion te this problem would be a ¢losed tank system under vacuum
that would remove the potential feor liquid spills or gaseous
emlssions during loading. None of the plants surveyed had such a
system in place,

Cne plant, however, did use a modified closed dome system and a
passive ventilation system to remove gaseous emissions. Tank cars
have permanent connections t¢ which the cperator attached the de-
livery boom and the ventilation duct. The truck loading was siml-
lar, but required the operator to ingert some of the connections.
Thais system worked well exXcept that no automatic sampling system
was installed and the automatic delivery and level contrel system
were lnaccurate, requiring the operator to open the hatch to check
the level and to take a sample.

ancther plant had an actaive ventilation system without a closed
dome. This system was not as effective as the closed dome system
because vapors can escape along the edge of the hatch where the
ventilation duct 1s inserted. Tests showed that this system did
not generate a sufficient vacuum to prevent thas from occurring.

All of the plants visited had automatic delivery systems that
should allow the operator to set the required load then leave the
area,., thus preventing exposure during leading. This system also
prevents overfilling, which often results 1in spills.

All of the plants visited had the capability of loading formalde-
hyde sclution into either tank trucks or rail cars. As the liguid
fills the tank, vapors from them are forced cut through the vent.
At some of the plants the vent goes to a scrubber similar to those
nsed on the storage tanks. The formaldehyde 1s scrubbed out from
them and returned for reuse i1in the plant wvia the absorber. The
level indicator in the filling system tells when the tanks are
full.

For this potentially hazardous operation, personal protective

equipment 15 provided. Resplrators, goggles, and gloves were
always available.
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6.6 LABORATORY AREAS

6.6.1 Potential Problems

The analysis of process samples 15 often done in the control room
in a hood. Analysis offer the possibility of direct contact with
the liguid. Any liguid or vapor which escapes can contaminate the
control room, an area in which the operators spend up to 70% of
their time.

6.6.2 Control Technology

The samples are generally kept sealed during their transport tc the
laboratory hood. The laboratery hoods are usually designed to have
a 100 foot per minute 1nlet velocity across the face of the hood,
but in some cases the flows were not uniform across the hood and
fell well below this level. The presence of a laboratcry hocd for
analysis, therefore, 1s no guarantee that formaldehyde exposure
wlll be low. In some cases hoods were not turned on, and in other
cases they were not large enough for all of the analyses to be
¢onducted inside of them. In some cases they were not used when
gsamples were discarded. Also, they were subject to poor clean=-up.
Sinks are generally avallable inside the hood for sample discard.
This liquid often goes to the waste water treatment plant, but 1t
can also be sent to the absocrber. The vent from the laboratory
hood usually has no emission controls. It 1s usually vented to

the atmospherse directly above the control building in which 1t

18 located.

6.7 MAINTENANCE

£.7.1 Potential Problems

Maintenance personnel have the potential of direct contact with
formaldehyde solution for extended pericds of time, Many of the
repairs that they make, such as repacking valves or pumps or put-
ting new gaskets inte reacters, involve opening egquipment which
contains formaldehyde wapor or solution. Although the maintenance
forces normally are assigned to the plant as a whole, rather than
to the formaldehyde production facilaity only, they are familiar
with 1t and the hazards involved.

6.7.2 Contrel Technology

The maintenance personnel typically leck put rotating machinery

to prevent the possibility of restarting the process while they
are repairing equipment. Wash-down procedures have been well
established to remove formaldehyde solutlon encountered whenm lines
or pireces of equipment are opened. The maintenance personnel at
the sites visited were well-schooled in the use of personal
protective equipment and had respirators, gloves, and goggles
avallable anytime they were working on the formaldehyde process.
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7. SAMPLING AND ANALYSIS

Formaldehyde and methanol sampling were conducted during the sur-
veys to determine time-weighted average (TWA) long-term and short-
term exposure levels (STEL) for personnel and areas associated
with formaldehyde production. Operators, chief operatoeors, and
production supervisors were sampled for formaldehyde and methanol
exposyure during eight-hour shifts to determine their normal 8-hour
shift exposure. Process operators were also sampled during poten-
tially high exposure activities for short-term exposure levels.
Areas assoclated with formaldehyde production and fregquently at-
tended by the operators, were sampled over an 8=hour shaift for
formaldehyde and methanol t¢ determine area concentration levels
and to possibly pinpoint areas of concern.

7.1 SAMPLING TIME

The survey objectives dictated that two types of samples be col-
lected. Long-term samples, collected over periods of 120 minutes
or longer, were used to determine the time-weighted average expo-
sures. Short-term samples, cecllected over periods of between 15
and 120 minutes, were used to determine the exposures from cer-
tain, but typically short, events occurring during the normal
regular shift hours. Persohnal long-term samples generally were
comprised of two, approximately 240 minhutes long, consecutive
sampling periods and were used to determine an eight-hour, time-
welghted average accerdang to the following formula [24]:

owa = T1iX1 + ToXp

Tt
where TWA = time-weilghted average
T,,T; = sampling times for long-term samples
¥X,.X, = concentrations of long-term samples
T, = total time

Thais same formula was applied to personal as well as area samples.
Long-term samples were repeated on a second day to enhance the
gurvey results and to evaluate day-to-day variations in
reproducibility.
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Short~term samples were taken during operator activities where
preak exposures might be expected, but possibly not be shown 1n
the long-term samples. The short-term samples were also to indi-
cate where controls may be more cost~effective, 1f the exposure
concentration levels need to be reduced. Short-term samples were
taken at flow rates of about 200 cm?/min (as compared with

100 emd/min for long-term samples) to assure collection of pollu-
tant volume sufficient for reliable analysis.

7.2 SAMPLING METHODS

Sampling for formaldehyde was conducted using an active dosimeter
method developed by the research departwment of Monsanto Agricul-
tural Products Company [25] and approved by the NIOSH project
officer, Mr. W. N. McKinnery, Jr. The method uses sampling tubes
pracked with 2,4-Dinitrophenylhydrazine (2,4~DNPH)=-coated sirlica
gel to absorb formaldehyde from the sampled gas. To draw the gas
through the tubes, MRC used DuPont Model P200 portable sampling
pumps set and calibrated to deliver a constant flow rate (x5%) of
approximately 100 cm®/min {(actual pumps ranged from 92.0 to 115.5
cm?/min) for a long-term samples as suggested by Mr. David Halle,
supervisor of the MRC i1ndustrial-hygiene certified laboratory.
Short-term samples were collected using the sample punps set and
calibrated at a constant flow rate (15%) of approximately 200 cm3/
min {(actual pumps ranged from 180.7 to 203.4 cm3/min). Pumps were
generally checked for significant (greater than t5%) deviation
after use, and the samples were discarded where a significant
deviation was observed.

To assure guality of results, formaldehyde sample blanks and spikes
were used and all samples were analyzed and reported in accordance
wlith standard MRC Quality Assurance/Quality Control procedures.
Additiongl details on formaldehyde sampling and analysis methods
are provided in the detailed industrial hyglene reports on this
contract [14-17]). All of the formaldehyde samples taken were re-
frigerated after thevy were ccllected, stored under refraigeration,
shipped cpld 1n insulated containers, and refrigerated upon
receipt at the analysis laborateryv to preserve them and protect
them from degradation.

Sampling for methanol was conducted using a NIOSH-approved active
dosimeter method, NIQSH §59. Silica gel tubes were used in con-
Junction with DuPont Model P200 pumps which were set and calibrated
at a constant flow rate (15%) of approximately 50 cm®/min (actual
pumps vaired between 47.5 and 56.8 cm®/min) for personal, source,
and area sampling. Pump flowrates were checked after sampling to
ensure constant flow.

To assure quality of results an unexposed silica gel tube was
c¢ollected as a blank during each sampled shift. In addition,
methanol samples were collected 1n duplicate, and one of the dup-
licates was spiked during sampling with either 0.8 or 1.2 times
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the PEL to check on recovery and precision of sampling and analy-
tical procedures. All methanol samples and blanks were analyzed
and the results reported according to MRC Quality Assurance/
Quality Control Frocedures. Additional details on the methanol
sampling and analysis procedures used 1n Tthese surveys are 1n-
cluded 1n the detailed industrial hygiene survey reports on this
contract.
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8. RESULTS

The following tables and figures present the analytical results
for samples taken by the MRC survey team at the formaldehyde
plants visited as a part of this project. All wolumes and ¢concen-
trations have been corrected to standard temperature and pressure
(20°C and 760 torr or &8°F and 29.92 in. Hg).

Table 1 presents the long-term perscnal sample analytical results
for formaldehyde. The ranges of these data are alsc shown in
graphical form in Figure 5. Relative to the OS5HA time-weighted
average permissible exposure limit of 3.0 ppm for formaldehyde,
this graph shows that all of the measurements made are well below
the OSHA standard. NIOSH recommends a 1.0 ppm ceiling on formal-
dehyde exposures.

Short=-term formaldehyde personal sample analyvtical results are
presented 1n Table 2. The ranges of these data are alsc shown in
graphical form in Figure 6. Relative to the O0SHA short-term
exposure limit of 5.0 ppm for formaldehyde, the graph shows that
all of the measurements made are well below the OSHA standard.

Area sample results for formaldehyde exposure are shown 1n Table 3.
The ranges of these results are also shown dgraphically in Figures
7 and 8. While most of these results are low, the higher values
given do show that there are places within formaldehyde plants
where the potential ezxposures do exceed the current O0SHA limits
for formaldehyde.

Table 4 shows the long-term personal sample analytical results for
methancl. The ranges of these results are alsc shown graphically
1n Figure 9. It 1s easily seen that all of the measured values
are far below the O0SHA time-weighted average permissible exposure
limit of 200 ppm for methanol. The NIOSH recommended permissible
exposure limit for methanel 1s also 200 ppm, with 800 ppm belng
allowable for 15 minutes. No short-term persconal samples were
taken for methanol.

The area sample results for methanol are presented in Table 5.
The ranges of these results are also shown graphically in Fiqures
10 and 11. It can readily be seen that unlike the formaldehyde
results, none of the methanol area ceoncentrations are even close
to exceeding the 0SHA standards for personnel exposure.
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TABLE 1. LONG-TERM PERSONAL SAMPLES - FORMALDEHYDE

8-Hr TWA &-Hr TWA 8-Hr TWA

Sampler Numnber range,a median, mean, Standard
Location of samples pRm Bpm pptn deviation
OPERATQOR
Flant A 4 0.38-0_68 0 58 0.55 0.125
Plant B 6 g 09-0 36 018 0 23 0 148
Flant ¢ 5 0.11-0.56 0 39 0_31 0.178

(CHIEF DPERATOR

Plant C 3 <0.13-0 24 0 22 <Q 19 0 059

PRODUCTION SUPERVISOR

Plant C 2 0.30-0.32 0.31 Q 30 0.01l6

MATNTENANCE WOREER

Flant & <0.05-0.32 g.14 <0.15 0.093
Plant B & 0 09-2.22 0 35 061 0 99%

o

3, Si1gn indicates concentration 15 below lower detection limit for formaldshyde,
which warles with the total amount of gas sampled.
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TAELE 2.

SHORT-TERM PERSONAL SAMFLES ~ FORMALDEHYDE

TWA a TWA TWA
Sampler Number range, median, Mmean , Standard
lLocation of samples PER ppm ppm devlation
PROCESS SAMPLING
AND AMALYSIS
Plant 2 6 0D.31-1 a9 1 58 Q.87 0 &04d
Plant B 11 <0.05-0.64 0.15 <D 27 0.1a0
Plant C & <0.05-1.76 110 <l.(2 0 &4a7
PRODUCT LOADING
Plant A 2 0.19-0 55 a 37 J 32 0 2ad
Plant B 3 0 B6-1.07 1 04 1 00 0.114
Plant C 2 0.96-1 79 1.22 1.22 0.627
AFTERCQOLER SAMPLIRG
Plant B 1 1 34 1 34 1,34 -

aﬁSlgn indicates concentration below minimum detectien limat
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9. CONCLUSIONS

As a result of the plant visits made during this study, conclu-
silonsg have been reached by the project personnel concerning
formaldehyde exposure, methancl exposurs, and the engineering
controls used in formaldehyde production facilities. These con-
clusions are listed below:

9.1

FORMALDEHYDE EXPOSURE

All long-term samples taken on operators resulted in formal-
dehyde concentrations less than either the OSHA TWA PEL of
3.0 ppm, or the NIQOSH recommended ceiling level of 1.0 ppm.
These results indicate good contrel of the formaldehyde
exposure for these workers.

Long=-term samples taken on production supervisors and chief
cperators also resulted i1in formaldehyde concentraticons less
than either the OSHA TWA PEL of 3.0 ppm or the NIOSH recom-
mended ceiling, level of 1.0 ppm. These results also ilndicate
good ¢ontrol of the formaldehyde exposure for these workers.

The operator exposure when loading a rail car or tank truck
where loading 1s not provided with local exhaust ventilation
control could exceed OSHA limits, depending on weather condi-
tions such as wind direction and speed.

Sample results indicate that the concentrations of formal-
dehyde to which the operators are exposed during process
sampling and analysigs are less than the OSHA STEL of

5.0 ppm. However, several of these concentrations did
exceed the NIOSH recommended ceiling level of 1.0 ppm.

Nine long-term sample results for maintenance workers indi-
cated non-excessive exposures less than the OSHA TWA PEL of
3.0 ppm. However, one malntenance worker did have an expos-
ure which exceeded the NIOSH standard. Necne ¢f the main-
tenance workers were repalring formaldehyde leaks or working
on the formaldehyde process. Exposure sampling 1s needed

to estimate the exposure when repaliring major leaks.

METHANOL EXPOSURE

Sampling indicates that operators, preduction supervisors,

and chief operators were not exposed to methanol concentra-
tions above the OS5HA TWA PEL of 200 ppm or the NICSH recom-
mended standard PEL of 200 ppm, with anh BOO0 ppmwm, 15 minute

cellindg.
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- The major exposure caused during methancl unloading does not
appear to present a hazardous exposure.

« Sampling indicates maintenance workers are not exposed to
excessive methanol, based upon the OSHA TWA PEL of 200 ppm,
the ACGIH STEL of 250 ppm, or the NIOSH recommended standard.

9.3 ENGINEERING CONTROLS

The following engineering controls were found to be sffective for
preventing or reducing formaldehyde and methancol exposure:

+ Single or double mechanical seals on pumps.
+ Reuse of Absorber emissions

a) recycle to process - metal oxide catalyst systems
b) waste heat recovery - silver catalyst systems

- Purge collection systems - air pressurlzed return to the
abgorber - water rinsed.

-+ Water scrubber on storage tank emissions - return water to
absorber,

+ Water scrubber on loading ventilation system - return water
to absorber.

Automatic loading.

- Condensing loop on methanol storage tank emissions.

- Enclosed process.

The passive closed dome system 1s currently the most progressive
control for formaldehyde loading. A closed dome lcading system
with active ventilation would be expected to be even more
effectaive,

Many of the plants 1n the formaldehyde preducticon industry are
built in the open rather than being encleosed i1n buildings, allow-
ing natural ventilation to assist in keeping ambient levels of
formaldehyde and methanol low.

Scme contrel room laboratory hoods at formaldehyde plants are in-
effective and are not operating with a minimum average face
velocity of 100 fpm.

The HCHO production industry has the necessary contrel technology
to control formaldehyde and methanol concentrations to the levelsg
currently acceptable to 0OSHA. However, 1t appears that some addi-
tional controls would be needed to meet the NIOSH recommended
standard for formaldehyde.
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10.1

10.1.

10.1.

10.1.

10. RECOMMENDATONS

RECOMMENDED WORK PRACTICES

1 Formaldehyde Exposure

1.1 Preocess Sampling and Analysis

The samples should be collected over a water-rinsed catch
basin which directs purges and over-fille to an enclosed
system away from the sample polint.

The sample should be immediately covered once the sample
container 1s filled.

All of the analyses should be performed withan an adequate
leocally exhaust ventilated laberatery hood. A minimum recom-
mended average face velocity of 100 fpm should be adequate to
control the formaldehyde gas exposure during analysis.

all analytical wastes should be discarded in a sink located
within the laboratory hood which directs waste to a treat-
ment facility.

The posgible use of an indirect sampler and a sample
encliosure to minimize operator contact with the samples
should be investigated.

1.2 Loading

A local exhaunst ventilation system should be used during
loading. The local exhaust ventilation system should be
turned on prior to loading. The system should be kept in
operation until all duties at the loading site have been
completed.

The truck samples should be closed 1mmedlately after fillang.

automatic loading and metering should be used, so as to
eliminate the need for mahual depth gauge readings.

A1l truck samples should be analyzed within a laboratory
fume heod. The recommended minimum average inward face
velocity of 100 fpm 1s recommended to control formaldehyde
exposure. Periodic measurements should be made to i1nsure
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that the hood 1s working properly. The ACGIH Industrial
Ventilation Manual should be used as a guide for installa-
tion and coperation of laboratory fume hoods for this
purpose [Z26].

- If a flexible delaivery line 15 used, any formaldehyde solu-
trion trapped in 1t after loading should be directed back
intoe the tank truck or rail car to prevent i1ts being
sp1lled on the ground or on personnel. Then any residual
solution should be flushed back into the tank truck or
rail car so that there 1s no exposure to residual formal-
dehyde after removal of the line fraom the tank truck or
railcar.

After locading, any formaldehyde contaminated material or
equipment should be hosed off and any spills should be washed
down a drainage sump which directs waste to a treatment
facalaty.

10.1.2 Methanol Exposure

+ A sample container positioned at the end of a dip stick
should be used to collect gsamples from trucks.

+ Once the sanmple bottle 1s filled, 1t should he closed
immediately.

Maethanel samples sheould be analyzed in a laboratory fume
hood. A minimum average face velocity of 100 fpm 1s recom-
mended so as to control any methanol wvapor. The ACGIH
Industrial Ventilation Manual should be used as a gulde

for the installation and operation of these facilities [26].

Regsidual solutions from chemical analyses for formaldehyde
or methanol should be disposed of in such a way that no
additional exposure results. Pouring these solutions down
a sink 1nside of the lakoratory fume hood 15 a recommended
nethod for accomplishing this.

In order to minimizZe eXxposures, personnel should spend as
mich of their time as 1s feasible within the requirements
of their jobs away from unloading sites.

10.2 RECOMMENDED PERSONAL PROTECTIVE EOQUIPMENT

« Maintenance personnel should be reguired to wear gloves and
either a NIOSH-approved self-contained breathing apparatus
or a NIOSH-approved supplied-air respirator when repairing
major formaldehyde leaks. A full-face organic vapor
cartridge respirator should be adequate when repalring
major methancl leaks.
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Qperators ghould be regquired to wear gloves and a NIOSH-
approved full-face cartridge respirator designed for
organic vapor protection, when loading a rail car or tank
truck which are not exhaust ventilated.

+ Qperators should be required to wear gloves and chemical gog-
gles when withdrawing a formaldehyde process sample or a sam-
ple from a storage tank.

+ An operator should be required to wear gloves and a NIOSH-
approved full-face cartridge respirator designed for organic
vapor protection when collecting a formaldehyde gas sample.

10.3 RECOMMENDED ENGINEERING CONTROLS

10.3.1 General Production QOperations

The formaldehyde production facility should be a cleosed process
to the extent possible. Welded pipes, gasketed reactors, and
taghtly packed valves should be used to minmimize leakage. Floor
surfaces in and around processing equipment should be constructed
of an i1mpervious material (such as concrete) to facilitate spi1ll
cleanup. The system should be constructed for automatic shutdown
in case of emergencies. Rupture discs should be i1n place to pre-
vent system overpressure. The use of heal exchangers to control
temperatures and to recover heat 1s recommended. The use of open
air structures to prevent the build up of flammable or hazardous
fumes 1s recommended.

10.3.2 Methanol Handling

The use of personal protective eguipment while connecting hoses

to tanks in which methanol 1s delivered 1s recommended. Single
mechanical seal centrifugal pumps should be used to transfer
methanol, and they should be automatically primed, i1f possible.
Underground piping 1s advantageous in preventing mechanical damage
to these systems. The storage tanks should be diked and grounded.
A condenser for mwmethanol emlssiens which returns them to the svstem
18 preferred. If a condenser 1s not used, then a flame arrester
should be i1nstalled to prevent possible i1gnition of the highly
volatile methanol. An external level gauge should be present to
prevent. the necessity of opening the tank for gauging.

10.3.3 Absorber Area

The absorber emissions should be reused. Those from the silver
catalyst process should be burned for heat recevery. Those from
the metal oxide catalyst process can be reused as a diluent for
air in the inlet stream to the reactor. The use of double mechan-
1¢cal seals waith an inert liguid to flush the seal faces appears
very desirable. The sampling ports should have catch basins for
purge cellection and should be egquipped with a water wash of the
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purge. The collected purge should be returned to the absorber
for secondary contact. Capped flasks should be used for sample
collection and transpert. Personal protective egquipment should
be available when this operation 1s performed. At some future
time, an automati¢ purge and sampling device may be developed
which would reduce the potential exposure of this operation
st1ll further,

10.3.4 Centrifugal Fumps

The use of double mechanical seal centrifungal pumps with inert
Jigquids to seal and flush the faces 15 recommended, even though
they may cost more. 8ingle mechanical seal pumps that use a for-
maldehyde solution from regycle to seal and flush the face, and
the use of steam jackets to heat and prevent parafcrmaldehyvde
buildup are also acceptable practice.

10.3.5 Formaldehyde Storage and Loading

Formaldehyde storage tanks should be diked and grounded. Water
scrubbers should be 1nstalled on the breathing ports of the tanks.
In order tc minimize the exposure of maintenance workers during
the repair and formaldehyde storage tank heating systems, 1t is
recomuended that the heaters be installed externally (with recycle
used t¢ heat the fluid) or internally in an easlly-remcvable
configuration (such as the fastening of steam coils on a manhole
cover). External level gauges are definitely preferred. Surfaces
around storage and loading areas should be sealed with impervious
material to assist 1n the cleanup of any formaldehyde spills.

The use of a cloged dome system on the tank trucks or rail cars
while lecading formaldehyde solution 1s recommendad. A passive
system 1nvolving a passage of the displaced gases through a water
scrubber for formaldehyde condensation recovery 1s an effective
way to control emlssions. An active vent system where tThe vapors
are pulled through such a scrubber might be preferable. Automatic
filling control 1s definitely preferred, as 1s gquick-connect duct-
work to minimize the amount of time operators spend in making
connections to the receiving tank. Personal protective egquipment,
including respirators, goggles, and gloves, must be available,

Sample analysis should be done in a laboratory hood with a face
velocity of at least 100 feet per minute. Provisions should be
made for the discharge of waste liquids to a drain inside of the
hood so that they don't contaminate the control room in which
the hood 18 located.

10.3.7 Maintenance

Effective lock out procedures and proper washdown procedures need
to be established and used. Personal protective egquipment 1ncluyd-
ing respirators, goggles, and gloves must be avallable for such
operations.
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