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GLOSSARY OF TERMS

adjusted wvolume the volume of the zample corrected to
standard temperature and pressure

Area sample an air sample taken from a fixed location
to estimate a contaminant concentration
generally found within a limited locale

BEDL below the detectable limit

breakthrough the possible overloading of a sample with
contaminant, resulting in the possibility
of sample loss reported when contaminant
mass 1n the back section of a sample
tube 1s greater than 25% of that found
in the front sectiocn

BZH breathing zone height, a height of approx-
imately 5~7 feet above the ground

catch basin a receptable degigned to catch excess
sample when withdrawing a process sam-
ple to reduce the potential of liguid
contaminant from contaminating a process
sample area

CIH certified industrial hygienist
consgecutive sampling the combination of two or more successive
periods lengths of sampling time resulting from

two or more respective air samples

controlled exposure a contaminant exposure that 1s regulated
by engineering or work practices. HNor-
mally indicates an exposure below
accepted OSHA standards.

CTA control technology assessment, an eval-
uation of the methoeds used to reduce
or prevent exposure to contaminants

dike an embankment cor wall to control poten-
tial liguid spalls

double mechanical
seal a multiple seal arrangement that uses
two single mechanical seals oriented
back-to-back with a fluid filled space
béetween them

vilil
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engineering
controls

EPA
exposure

face velocity

formalin

fpm

GC

gpm

GTI

HCRO

IE

L

long=-term exposure

long-term sample
long-term task
MeOH

min

mL

Jui (4

MRC
NA

ND

NIOSH

GLOSSARY OF TERMS (continued)

the physical modification of a process
cr equipment used to reduce or prevent
the release of contaminants into the
plant area

Environmental Protection Agency

respiratory, eye, or skin contact with
contaminant

the time rate of change of position of
air at the front open face of a bood

formaldehyde solution

feet per minute

gas chromatograph

gallons per minute

Geomet Technologies, Inc., Rockville, MD
chemical formula for formaldehyde
industrial hygiene

liter

contract with a concentration of con-
taminant during a long-term task

gollection of contamiant occurring during
a long~term task

an cperation of worker activity that re-
guire an extended period of time to com-
plete, usually a full work shift

symbol used for methanol

mimite

millilaiter

methanol oxidation

Monsanto Research Corperation, Dayton, OH

not analyzed due to uncentrclled circum-
stances

not detected; no indication of compound
found during analysis

National Instatute for Occupational Safety
and Health
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GLOSSARY OF TERMS (continued)

nonexcessive exXposure

OSHA
OSHA HCHO STEL

OSHA HCHO TWwA

OSHA MeQH TWA

packed seal

PEL

persohal sample

FPIHE

bpe

Ppm
short-term exposure

short-term sample

contact with contaminant that does not
eXceed the OSHA regulaticn

Occupational Safety and Health Act

the amount of formaldehvde allowable in
a sample of approximately 15 mainutes,
which 1s 5 ppm

the time-weighted average amount of
formaldehyde allowable 1n a sample of
approximately 8 hours - limit 15 3 ppm

the time-welghted average amount of
methanol allowabkle i1n a sample of approx-
imately 8 hours - limit 15 200 ppm

an englneering control usad to control
emiss1ions from nonstationary eguipment
parts. HMNormally consists of material
within a packing gland that seals po-
tential leaks when compressed

permissikle exposure limit, the time-
welghted average concentration to which
nearly all workers may be repeatedly
exposed, day after day. without ad-
versae affect

the collection of a volume of potentially
contaminated air from the breathing zone
area of a worker

preliminary industrial hyglene survey; an
in-plant survey conducted in order to
galn approximate information in worker
exposure, work practices, engineering
controls, process flow, and the plant
safety and health program

personal protective equipment; eguipment
worn by a working aide, as a respirator
used te prevent potential worker over-
exposire to a c¢ontaminant

parts per million

contact with a cepcentration of contamin-
ant during a short-term task

collection of contaminant during a short-
term task



GLOSSARY OF TEBME {continued)

short-term task

single mechanical zeal

source cample

standard conditions

STEL

walk through survey

=f

an operation or specific worker activity,
the duraticn of which 1s part of a full
work shift. The duration of the task
nermally ranges from 10 minutes to
2 hours,

the use of two sealing surfaces per-
pendicular to a shaft, one stationary,
one rotating, to prevent leaks

an air sample taken at a fired location
within an artificrally isolated area
of an engineering contrcl device. Used
to estimate the expected release rate
from that device.

temperature and pressure conditions to
which the volume of all samples 1s
adjusted so as to allow sample con-
centration compariscn. Conditions used
were 20°C (E8°F) and 760 mmHg (29.92
in. Hg)

short term exposure limit; a concentration
limit set for contaminant exposure
usuvally over a 15 minute period

time-weighted average; the average concen-
tration of a gample or a set of con-
nective samples, weighted by the time
sampled

a preliminary industrial hygiene survey
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1. INTRODUCTICN

The following detailed industrial hygiene/control technology survey
report describes a four-day survey conducted at the Reichhold
Chemicals, Inc., formaldehyde production plant, located in Hampton,
South Carolina. This plant uses a metal silver catalyst to convert
methanol te formaldehyde at a rated capacity of 50 million pounds
per year. The plant was selected for a detailed industrial hygiene
survey based on 1ts abilty to control worker exposure to formalde-
hyde through worker practices and engineering controls.

1.1 PLANT PERSONNEL CONTACTED

The survey was conducted by Glen J. Barrett (GEOMET Technologies,
Inc.) CIH, and DPavid W. Dunn and Dennis J. Gault (Monsanto Hesearch
Corporation}), on August 24-27, 1982. Mr. Frank Miley, plant manager,
acted as the key contact person during the survey. One operator and
two maintenance personnel under Mr. Miley's supervision were sampled
for formaldehyde and methanol exposure during the survey.

1 2 SUMMARY OF ACTIVITY

The survey Team met briefly with Mr. Miley on arrival at the plant
on August 24, then set up a base of operations, and placed a pair

of personal sampling pumps on the operator. A short walk-through

reacqualnted the survey team with the plant.

Industrial hygiene (IH) sampling began immediately on arrival
Tuesday, August 24, and continued through the day shift on Friday,
August 27. No sampling was conducted during second or third
shifts due to the extremely limited plant staff. Similarity of



operational duties to first shift and the plant manager's request
for first shift sampling only {while he was present) made other
shift sampling unfeasible. Table 1 shows the total number and
types of sampling conducted during the survey. Perdonal efposnre
samples for formaldehyde and methanol were taken for the three

indaviduals wmentioned earlier.

TAPLE 1. SAMPLES COLLECTED DURING IH SURVEY AT
REICHHOLD CHEMICALS, INC., HAMPTON,
SOUTH CARQLINA, ON AUGUST 24-27, 1982

Formaldehyde Methanol

Long Short Long

Type tern term ternm
Personal 20 8 16
Area 25 5 25
Source 13 - 3
TOTALY 58 13 44

4rotal does not include 16 formal-
dehyde spiked samples and blanks
and 6 methancl spiked samples and
blanks.

Long-term (over two hours) personal samples were taken to evaluate
the general worker exposure. Short-term {(less than two hours})
samples were taken to evaluate specific operaticns the worker cone
ducted on a regular basis. Area samples were taken to determine
the potent:ral exposure of a worker 1n a specified area and to
generally evaluate formaldehyde and methanol concentraticns in
the production and storage areas. Source samples were taken to
evaluate the contributicn of specific eguipment te the overall

area concentration and to evaluate the control achieved by this
equipment.

Obgservations of operator procedures were also made during the
survey. Control and process equipment were noted and discussed




with My, Miley to aid in evaluating this egquipment and comparing
1t o equipment at other plants.

A closing conference was held with Mr. Miley to discuss the

future use of the data collected and to thank the plant for its
cooperation
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2. BACEKGROUND

The National institute for Occupational Safety and Health (NICGSH)}
and the U7 5. Environmental Protection Agency (EFA) have entered
inte an Interagency Agreement to perform a study that will deter-
mine the levels of pollutants to which workers in the formaldehyde
production industry are exposed and that will evaluate the effec-
tiveness of contrel technoloegies currently used to minaimize

exXposures

EPA contracted with Monsanto Research Corporation {MRC) to perform
the study on the formaldehyde production industry, under EPA
Contract No. 68-03-3025, entitled "Technical and Engineering
Services " DMRC was assisted in the study by persannel from GECOMET

Technologies, Inc., (GTI). ‘

2 1 OBJECTIVES QOF THE INDUSTRIAL HYGIENE/CONTROL TECHNQOLOGY
ASSESSMENT (IH/CTA) STUDY ™

The cbjectives of the IH/CTA study are to:

evaluate the state-cf-the-art contreol technology in the
formaldehyde production industry,

evaluate the effectiveness of industrial hygiene control
programs to contrel these potential hazards,

* 1dentify potential hazards teo workers,

evaluate these potential hazards for the effects on workers,



w

+ assess current formaldehyde production technoleqy with
respect to control of potential expoesures of workers,

- assist the transfer of control technology inter- and intra-
industry, and

+ i1dentify processes for which engineering controls are not
available or are ineffective, where further research and
development are needed, and to 1ndicate priorities for
application of control technology.

The study 15 divided into two phases, preliminary surveys and de-
talled surveys.

As part of this preject, preliminary industrial hygiene surveys
(FIHS) were conducted at 11 plants, representing a cross-section
of formaldehyde production facilities. Contrel eguipment and
worker practices were discussed and observed and walk-through sur-
veys wers conducted at each plant. Potential exposures to haz-
ardous agents and technologies used to control thoge agents were
1dentified. Reports were prepared on the findings from these

BUIVEYS.

The following sections briefly describe the objectives of thas
project,

Four plants were selected from the eleven for detailed industrial
hygiene surveys based on the preliminary survey findings. The
detailled industrial hygiene surveys 1ncluded the followihg
activities:

+ gbservation of operator work practices,

+ guantitative personal sampling,



+ evaluation of engineering control techniques, meonitoring
devices, and personal protective edquipment used by the in=-
diistry to reduce exposures, and

« preparation of a detailed plant visit report for each of the
four surveys, detailing worker practices and evaluating the
engineering centrols used by the plant; this report 1s one of
these four reports.
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3. DESCRIPTION OF THE PLANT

The Reichhold Chemicals, Inc., (RCI} Hampton, Scuth Carclina,
plant 18 located 1n a rural area outside of Hampton, South
Carolina. <onstructed in 1958 to supnly a nearby consumer, the
plant produces 50% formaldehyde scoluticon which 12 blended with
water ar methancl to neet customer specifications. Formaldehyde
15 the only product of the plant. Sixty percent of the product
1g piped directly to an adjacent consumer, with the remainder
loaded into tank trucks and rail cars for customer delivery 1in
nearby areas.

The plant area, shown schematically in Figure 1, includes a
process area, methanol unloading and storage area, formaldehyde
storage and leoading areas, and an office building. The precess
area, shown 1n Figure 2, has a seml-enclesed and roofed reactor
area (left) adjacent to other process operations that are not
enclesed {center}. Methanol, received 1n raill tank cars, 1S
stored 1n a large 1solated tank and supplied to the process via
an underground plpe. Formaldehyde storage and blending facilities
are on the opposite end of the plant from the methanol storage,
acToss a plant road from the process area. Shipments to <onsumers
are locaded into tank trucks adjacent to this formaldehyde storage
aresa, and raill cars are levaded adjacent to the methanol unlcading
and storage areas.

The office building adjacent to the process (on right in Figure 2)
houses the management offices and the process contreol room which
doubles as a process sample analytical labeoratory. Workers spend
a majority of their time 1n this area.
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Figure 2. Production process area.

The plant, which normally operates on a 7 day per week, 24-hour per
day schedule using four shaifis, currently has eight employees.
Depressed economic conditions have reducedthis normal operation
schedule te 5 days per week and three shifts. The work ferce is
broken down inte three categeories: two supervisory perscnnel,

two maintenance workers, and four operators. The supervisory

and maintenance personnel are assigned to the day shift, but are
on Z24-hour call for major plant breakdowns or emergencies. Oper-
ators are assigned one per shift and have the following duties:
monitor and control the process, sample the process and analyze
the samples, blend the 50% formaldehyde solution to meet customer
specifications, unload methanol and load formaldehyde, and assist
maintenance when necessary. Maintenance workers are responsible
for process maintenance ~ 1ncluding catalyst preparation, daily
proecess area hosedowns, groundskeeping, and general maintenance of
the plant.



4. PROCESS DESCRIPTICN

Formaldehyde 15 produced by a silver catalyst process. This proc-
ess 15 based on the dehydrogenation-oxidation reaction of methanol
as 1t passes through a silver catalyst bed. Conversion efficlency
of the process can range from 65% to 920%, depending on the age and
retention time of the catalyst bed. Methanol recovery and concen-
tration of the formaldehyde solution 1s normally necessary to
yield a usable product.

The general process used at this plant is schematically shown in
Figure 3 Methanol, delivered by rail tank car and stored in a
large bulk storage tank, 18 mixed with filtered air and vaporized
The methanol-air mixture 1s fed through manifolds to i1ndividual
tubular reactors containing the silver catalysi and is converted to
formaldehyde. The hot. gases are gquenched with a weak formaldehyde
solution, in a spray box, producing a 40% formaldehyde, 20% meth-
anol soclution This solutlon 1s cooled i1n a heat exchanger and
stored 1n i1interim storage tanks.

The scrubbed gas from the spray box passes through twe spray
towers and a packed towver It flows countercurrent to laboratory
wastewater and fresh water introduce i1n the packed tower. The
water flows from the packed tower back through the spray towers
and becones the weak formaldehyde solution which is fed to the
spray box. The residual gas from the packed tower 1s then re-
leased to the atmosphere. This exhaust gas contains approximately
73% nitrogen and 20% hydrogen, but little or no formaldehyde.

The 40% formaldehyde solution from the spray box i1s stored in a set
of interim product tanks and is concentrated to 50% formaldehyde

10
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in a distillation column. A scrubber 1g located on this tank to
condense and hence contrel formaldehyde emissions from 1t. Meth-

anol removed to c¢oncentrate this solution 18 recovered and recycled o
to the methanol shift tank, and product (50%) formaldehyde golution

15 sent to steam~-heated storage tanks. Formaldehvde shipments are
prepared 1n a blending tank where the fermaldehyde content is

adjusted tc meet the customer specifications. The product 15 then

piped directly teo an adjacent plant or loaded onto tank trucks or

rail cars for delaivery.

1z )
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5. DESCRIPTION OF PROGRAMS

5.1 INDUSTRJIAL HYGIENE AND SAFETY

The Corporate Cffice provides interpretations and gquidelines to the
plant on governmental rules, regulations and corporate policies.

It pericdically audits the plant preogram, and may become more 1n-
volved 1f unusual circumstances occur. The plant 1s regponsible to
the RCI Regional Manageyr Ior 1itg safety policies and implements 1its
safety program with considerable independence from the Corporate
Cffice.

Corporate health and safety resources are avallable to the plant
upon reguest, Interaction with the corporate level has been at

a minimum, however, dus to the Hampton plant's freedom from prob-
lems, good record, and an active control program implemented by
the plant manager. The plant conducts a monitoring program of the
control room area to evaluate worker exposure to formaldehyde.

Contingency procedures for fire, explosion, and tank rupture
emergencies are well-defined. Filire department personnel have
visited the plant and been provided with a copy of the contingency
plan, and a full description of the processes inveolved. Spills
are controlled by diking arcund the methanol unloading areas and
all of the storage tank areas. In addition, mincr amounts of un-
recyclable waste materials, spill materials, flushing material
from the laboratory, and runcff can be diverted to a pair of
holding bazins at the rear of the saite.

The last lost-time accident at the Hampton plant was in 1974.
A worker incurred a chemlcal splash in the eye during a drum

13



filling operation, which resulted in the loss of one work day.

In 1977, a glass chip an the eye from a beaker containing caustac
soda resulted in first aid treatment, but no leost time or followup
treatment was required.

5.2 QCCUPATIONAL SAFETY AND HEALTH TRAINING

All employees have had first aid courses and have taken a course
given by the State of South Carolina on hazardous chemicals.
Safety meetings are held monthly during which environmental
1ssues are also discussed. Since the newest employee has been
at the plant for 12 years, training of new employees has hot

been considered.

5.3 PERSONAL PROTECTIVE EQUIPMENT (PPE) AND SAFETY EQUIPMENT

An extensive gset of PPE 15 1ssued or made availlable to the
employees. This 1s detailed in the plant safety rules which are
listed 1in Appendix A.

Emergency eye wash and shower units are located at the formalde-
hyde truck lecading area, next to the refrigeration unit in the
production unit, and at the methanol unloading/formaldehyde rail
car loading area.

The following PPE 1s required for gpecific operatiens listed:

Formaldehvyde Loading

Water-proofed cotton glaves

Methaneol Unloading

Neoprene gloves

14



Formaldehyde Scolution Sample Withdrawal

Neoprene gloves

Formaldehyde Storage Tank Entry

Airr=-supplied respirator
Water-proofed cotton gloves

Maihtenahce-Formaldehvde or Methanol Leak Repair

Full-face gas mask approved for acid gases, oldanlc vVapors,
dusts, and mists for a major leak

Water-proofed cotton gloves 1f there 1s a potential feor
formaldehyde skin contact

A continuing effort to eliminate situations requiring the routlne
use of PPE has been successful] {see Section 7} e.g., tank entries
are minimized by mounting tank heating colls on most tank entry
covers, lecal exhaust ventilation control 1s being used during
formaldehyde truck loading operations.

5.4 MEDICAL PROGRAM

All employees were given a pre-employment physical examination
Anmual physicals are reguired, and include specific attention to
the respiratory tract.

Medical services, 1mn case of on-site 1njury, are avallable from

physicians and the hospital i1n Hampton, less than 2 miles from
the plant.

15



&. WORK PRACTICES

6.1 GENERAL PROCEDURES

6.1.1 OQperators

Operators are asslgned one per shift and have the fellowing duties:
meniter and control the process, sample the process and analyze
the sample, blend the 50% formaldehyde product solution to meet
custometr specifications, unload methanol, load formaldehyde, and

asslst maintenance when necessary.

Operators spend approximately 70-80% of their time in the c¢ontrol/
lab room moniteraing the process and analyzing samples. Each shift
1s a total of exght hours, with the operator taking a 1l>-minute
lunch break in the control/lab room.

The plant 1s currently being shut down at noon every Friday due
to economic and warKeting conditions. For the remainder of the
Friday day shift, the operator flushs down the distillation col-
unmn and the process heat exchangers with air, followed by water.
He also checks all process valves for leaks. No operators come
on shift after the first shift on Friday through the weekend.
FPreparations for restarting the unit begin on the first shift the
following Monday.

6.1.2 Maintenance

Maintenance workers are responsible for process maintenance in-
cluding catalyst preparation, catalyst changeover in the convert-
ers, groundskeeping, and general maintenance of the plant. If a
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converter leak is smelled, the maintenance worker is responsible
for finding the leak using a hand-held propane torch and repalr-
1ng or shutting off the leak. They are assigned to the day shift
on Monday through Friday,. but are on call for major plant break-
downs or emergencies. Lunches are eaten on-the-job, during the
8-hour shift.

6.2 METHANOL UNLOADING

Methancl is received and unloaded from rail cars, with appraxi-
mately three rail cars unloaded weekly. Three rail cars can be

unloaded simultaneously.

Prior to unleading a car, the operator withdraws a methancl sam-
ple for analysis from the car through the top hatch. This pro-
cedure will be described 1n more detail in Section 6.3 After
sample wlthdrawal and analysils, he attaches a guick-cohnect
flexible line to the rail car for bottom unloading.

It takes 8-10 hours to unlecad one rail car One cperator starts
unloading a car and the operator on the next shift completes the
process once unleoading i1s 1nitiated. the operator leaves the
unloading area, unless an emergency occurs The next shift oper-
ator then bleeds and disconnects the unleading line after unlpad-
ing 18 complete, and cleses and secures the top hatch.

6.3 METHANOL SAMPLING AND ANALYSIS

A methanol sample 1s removed from each rail car by the operator
prior to unloading. The operater obtalins a sample by opening

the top hatch and dipping an open glass bottle, held i1n his

gloved hand, inte the methanol (Figure 4). After a sample 1s ob-
tained, 1t 1s capped and taken to the contrel/lab room. The boll-
1ng point 1s determined within the smaller of two laboratory heoods
located within the control/lab room. The sample bottle 1S uncapped
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Figure 4. Operator taking an MeOH sample from tank car.
No dip extension--used rubber gloves.

and 100 mL of methanol i1s measured 1n a graduated gylinder inside
the hood. The methanol 1s poured i1nto a round-bettom flask within
the heood, and the methancl 1s brought to a boill to determine its
boiling point, All of these activities are done by a single
operator.

6.4 FORMALDEHYDE LOADING

6.4 1 Truck Tank Loading

Approximateliy seven to eight tank trucks are loaded per week by
the operator. The operator initially opens the hatch and inserts
a dip tube and vacuum local exhaust duct from an elevated work
platform ante the tank.
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The operator turns on the exhaust fan at the loading site, and
then turns on the controls located in the blending shed to 1ni-
tiate lroading. He leaves the area and returns occasichally to
check filling progress.

Since loading 1s metered automatically, the operator only spends
approximately 3 minutes of the total average loading time of 40
minutes per truck, at the loading site. Reduced exposure time

at the loading site minimizes the worker's asxposure to this source
of formaldehyde gas.

Once loading 1s complete, the operator returns to the blending
shed and operates c¢ontrols to flush the feed line with air. The
dip tube and exhaust duct are remcved from the truck; a sample
1s manually taken by lowering an open glass jar into the solu-
tion, and the hatch 15 cleosed and secured. Any formaldehyde
sp1lls on the truck or ground ars then hosed down with water to
dilute the feormaldehyde.

A single tank truck was loaded during the survey period,

6.4.2 Rall Car Loading

Approximately three rail cars are loaded per menth by the operator.
The rail cars are loaded with formaldehyde adjacent to the tracks
where methancl i1s unloaded. He initially copens the top hatch and
inserts the dip tube i1nto the car. He then lesaves the area to
initiate locading through operation of controls withan the blending
shed. It takes approximately two hours to load a single rail car.

The operator 1s away from €the area for the entire loading perioed.
He returns to the blending shed once loading 1s complete to oper-
ate contreols for flushing the locading line, first with air and
then with water. As with truck loading, the lecading 1s metered
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by weight and time, reducing the possibility of overfilling and
the operator's exposure time in the lcading area.

once the line has been flushed with air and water, the operator
returng to remove the dip tube from the car, manually obtains a
sample by lowering an copen glass jar into the solution, closes
and secures the hatch, and hoses any spilled formaldehyde off of
the car and ground.

A saingle rail car was loaded during the survey period.

6.5 FORMALDEHYDE SCLUTION SAMPLE WITHDRAWAL ANLD ANALYSIS

The operator usually withdraws two procesg samples from the ab-
sorber (spray box) and two samples from the distillatron coelumn
(stripper} per shift. Each operator schedules sample withdrawal
differently. As an example, cne operator may take a single sam—
ple from either the absaorber or distiilation column every two
hours. Another operator on another shift may take a sample from
the absorber and one from the distillation celumn at cone time
during the first half of the shift, and then take the remaining
absorber and distillation cclumn samples at one time during

the second half of the shift.

The operator withdraws a sample of either the absorber (Figure 5)
or distillation column (Figure 6) from a short sample spigot
fitted with a ball valve. He purges the line into a 250-mL
Eriemmeyer flask and dumps the purge into a catch basin near the
sample point (Figure 7). The formaldehyde solution is directed
from the basin by piping to the makeup water unit for the absorber
or spray tower. Once the sample line 18 purged, the flask ais
filled and stoppered (Figure 8). The stoppered flask 1s carried
to the control/lab room where the percent methanol, Lormic acid,
and formaldehyde are determined. All analyses are performed in
the larger of the two local exhaust ventilation laboratory hoods
(Figure 9). BRll of these activities are done by the operator.
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Figure 5 Process sampling at absorber/heat exchanger by operator.
Note gloves and no resplrator. Note formaldehyde
tubes at operator's ear

+ Figure 6. Sample tubes on operator's shoulders.
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Figure 7 Cperater discarding process sample line purge
intc makeup water system Note gloves.

Figure 8. Operator corking process sample bottle - sample
from distillation column. HNote gloves .
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Figure ¢. ¢Operater conducting process sample analysis. Note
gloves and sign above operators head. Also note pers=
gonal sample pumps and HCHO tube on shoulder.

The percent methanol is determined by running a specific gravity
test on a portion of the sample; percent formic acid 1s deter-
mined by titrating a portion of the sample with sodium hydroxide;
percent formaldehyde is determined by titrating a portion of the
sample with sulfuric acid Once the analyses are complete. the
unused portion of the sample and all waste 1s dumped 1n a sink
located within the laboratory heood. The waste 1s conducted to
the makeup water unit for the absorber or spray tower.

The operator withdraws a single sample from each tank truck or
rai1l car which has been loaded with formaldehyde. This 1s accom=-
rlished by manually lowering an open-glass Jar 1n a holder at the
bottom of a chain inte the tank. The jar is filled, pulled out,
and i1mmediately covered with a screw-on cap. The sample 1s trans-
ported to the control/lab room where 1ts specific gravity, percent
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formaldehyde, and percent formic¢ acid are measured. These analy-

ses are performed as described previously in thig section within

the larger of the two labaratory hoods. All waste 1s dumped into %
the sink withan the laboratory hoaod. All of these activities are

done by the opperator.

Occasionally, an operator will take a sample from a line off of

the blend tank prior to lcading a tank truck or rail car. Thais
sample would be taken instead of a sample taken darectly from the
tank truck or rail car The sample 15 taken from a sample spigot
into a glass jar. After filling, the jar 1s covered with a4 screw-on
cap and transported to the cantrol/ /lab room. Here, a specific
gravity test and determination of percent formaldehyde and formic
acid analyses are run within the larger of the two local exhaust
ventilated laboratory hoods. Waste 1s dumped down the sink within
the lab hood. Again, all of these activities were performed by the
operator.

M
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7. CONTROL STRATEGY

Several areas of the formaldehvde oreration that present exposure
potentiral are discussed below with respect to the control tech-
noleogy applied. Exposure contrel 1s primarily achieved by using
a process that i1s completely enclecsed - except for the methanol
entry point, formaldehyde discharge pcocint, and process sample

peints.

7.1 METHANOL UNLOADING AND STORAGE

Methanol received by the plant 1s unlcaded from railroad tank cars
by the process operator in the area shown in Figure 10, which 1s

approxXximately 200 feet from the main production area.

Figure 10. Methanol bulk storage and unloadaing
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Prior to unleoading, the operator chocks the wheels, grounds the
tank car, and opens the bolted top lad of the tank car {(Figure 11).
A small sample 15 taken from the tank and 1s analyzed to ensure
methanol puraity The tank car lid 18 left partially open. This
small gap (approximately 2 inches) does not present an exposure
problem because a vacuum 18 created as the tank drains, which
draws air 1nto the tank and reduces the escape of methancl vapors.
The operator removes the cap from the standard tank car discharge
outlet {shown capped in Figure 12), and connects a quick-connect
adapter to the outlet which allows a reinforced flexible quick-
connhect tube to be attached (Figure 13), The guick-connect fit-
ting on the tube uses a neoprene gasket to reduce methancl leak-
age during unlcading.

Figure 1ll1. Operator opening top of methanaol
tank car for unleoading.
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Figure 12. Bottom walve and closure setup for methancel tank cars.
Note valve lever on left and cap on right.

S 2}

Figure 13. Methanol unlecading setup on bottom valve Note
adapter and gquick-connect. Valve lever 1s in front.
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Methanol s pumped from the tank car through the hose and piping
to either the bulk methancl steorage tank, located adjacent to the
rail siding, or to the methanol shift tank. A Goulds centrifugal
pump fitted with a John Crane single mechanical seal is used. No
methanel 1s used for lubrication in the mechanical seal. Carbon
rotary seals onh ceramic stationary faces are used in the seal.
All pumps are checked periodically, with leaking pumps repaired as
soon as possible. HNo malntenance 1s done on seals that are not
leaking, regardless of length of service. This pump 1s left
primed at all times, but a glass Jug of methanol, {(Figure 14) 1s
avallable for priming 1f needed. This open bettle, located be-

neath the tank car leoading platform, 1s not covered or protected
from breakage

}‘ )
w

Figure 14 Methanol unlcading pump and priming mechanism.
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No caps are placed on the flexaible hoses when not 1n use, nor are

the hoses regularly disconnected freom the unleading pump. Acci-
dental spills in the unlcading area are collected by surface drain-
age 1n a nearby sump, approximately 100 feet from the unloading dock,
and then pumped to an egualization pond before treatwment at a lecal
wvastewatey public treatment works. An emergency shower and a small

fire extinguisher are located next to the methancl unloading area.

7 2 METHANOL STORAGE AREA

Methanel 1s stored 1n a cne-million-gallon storage tank {Figure 10)
behind the unlecading area and in two smaller shift tanks near the
production unit Methanol 18 delivered from the large tank via

an underground pipe The large tank 1s diked, drounded, has an
eXxternal level indicator, and i1s equipped with a flame arrester on
the breathing pipe. The smaller methanol shift storage tanks,

also diked, grounded, and equipped with flame arresters, have an
automatic level switch which maintains the level in the tank by
drawing methanol from the large tank as needed. An overfill pres-
sure switch 1s also 1n place to shut off the transfer pumps when
the tank reaches a certain fill level, preventing accidental spilis

and reducing potential worker exposure.

7.3 CONVERTER AREA

The BHampton plant uses several banks of small (~6-inch) tubular
reactors packed with metal silver catalyst to convert methanol

to formaldehyde. Figure 15 shows these small reactors. Flexible
metal tubes are used to feed methanel from methancl manifolds to
the converters, which are connected directly to the product for-
maldehyde manifolds Each indavidual converter has separate
valving that can isclate the converter, allowing leaking reactors
Lo be locked out of the system. Flanges and high temperature
gaskets also protect the system against leaks The converters
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Figure 15. Reactor area.

are checked daily by smell for obvious leaks and during start up
using § hand-held propane torch. The use of a propane torch 1s
not considered to he a safety hazard since the formaldehyde con-
centrations being checked are far below the flammability lamat.

The converters are housed 1n a seml-cpen builiding, as shown 1n
Figures 2 and 16. This building was completely enclosed at one
Lime, but had the sides removed to reduce heat and fume hazards
to the workers. The semi-open construction aliows alr cooling of
the reactors. However, temperatures 1n the converter structure
are still above 100°F.

The vaporizer, which combines filtered air and preheated methanol
intc a hot gas mix, 1is located adjacent to the structure. The
blower used to push the air into the process i1s nelsy, having a
noise level which has been measured at ~85 dbA. Methanol is pumped
from the methanol shift steorage tanks through a heat exchanger to
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Figure 16 Converter area building (note no sides). In background
left to right, blending building, distillation column,
packed tower, tall spray tower.

the vaporizer using a leakproof centrifugal pump, one in which all
moving parts are encleosed within a surrounding gland.

The nature of a cleosed process makes additicnal controls beyond
the natural ventilation in this area unneeded. All valves were
tightly packed to prevent leaks and appeared well maintained.
Thisg 1s supported by the weekly start-up and shut-downs the plant
goes through in whach no leaks are apparent The results of the
area samplaing done duraing this visit support the effective appli-
cation of contrels in this area.

7.4 ABSORPTICN AND DISTILLATICN

The abscorber system as shown i1n Figure 3 consists of a spray box,
two spray towers, and a packed tower that reduces formaldehyde

concentrations in the final emissions to ppm levels. In addition,
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several heat exchangers are i1n use to recover heat from the hot

gases coming from the converters. Figure 17 shows the two spray

towers and packed column as well as the distillation column.

Lot WY -
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Figure 17. Production area,

R

left to right - tall spray tower

and short spray tower, packed tower with stack,
distiliation (stripper) celumn, air cooler and
makeup water. Sample discard on right corner of
cooler. Note diking.

Water and formaldehyde solutions for these operations are pumped

using Gould centrifugal pumps
seals. A majority of the six
the solution back to the pump

seal faces. Plant experience

with John Crane single mechanical
pumps 1n use recycle a portion of
seals to lubraicate and clean the

with these pumps 1ndicate that both
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seals (lubricated and nonlubricated) types are equally effectaive.
All pumps were clean, with only minor spots of paraform i1n the

pump housing.

At an earlier time, only the packed tower was used te absorb the
hot formaldehyde gas. This led te high release rates of formalde-
hyde and prompted the company to jnstall the additional spray
tovers Emissions from the packed tower now average about & ppm
of formaldehyde. Further characterization of the emissions 1s as
follows -

Component Percent
N, 75 16
£0, 4.37
co £.16
CHy 0 31
H, 19.99
H,O saturated

The plant manager has been attempting tec get permigsion to incin-
erate the gas to recover i1ts heat value which, he estimates, would
increase the profitability of the plant

The distillation column, which reduces the methanecl content and
concentrates the 40% formaldehyde solution, uses i1dentical Gould
punmps and Jehn Crane sealsg No paraform was seen on the pump
housing, ner in the distillation area. The 40% formaldehyde solu-
tion 1s pumped to the distillation column from twoe i1nterior
storage tanks i1n the diked area that also includes the methanol
shift tanks. These interim storage tanks will be discussed in
Section 7.6.

A safety shower and eyewash are within easy access by workers in

these areas. The shower 1s adjacent to process sample points for

the spray box and distillation column.
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7.5 PROCESS SAMPLING

Process sampling is conducted every four hours from the product
line of the distillaten column and from the discharge heat ex-

changer for the spray box shown in Figures 18 and 19, respectively.
N EE———— - B T B

Figure 18 Operator samnpling process at absorber heat exchanger,
Nete gloves, no respirator, height of peort.

)
e

~'ﬂnmnru

Figure 19. Operator taking process sample from final product
line Note gloves and personal sample pwmnps.
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gmall ball walves are used as the sample ports on the main lines.
sampling lines are purged into an Erlenmeyer flask, with the purge
dumped 1nto a sample discard station. The sample 15 then taken 1n
the same Erlenmeyer, the flask 1s capped and carried to the lab
for analysis in a large, open hood shown i1n Figure 20. Each sam-
ple point has a bucket under the discharge to catch any spills.
The discarded purge 1s recycled to the process as part of the
makeup water used in the absorber system.

- AT T E e mnms e Tty g n

1

1
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Figure 20. <control room hood (HCHO). Area sample on right; vel-
ometer 1n center on table, sample discard site on right.

7.6 FORMALDEHYDE STORAGE

Formaldehyde 1s stored in two areas of the plant; one area for
interim storage prror te solution concentration in the distilla-
tion column (Figure 21), and the ¢ther (Figure 22) for final
product storage (see Figure 1).
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Figure 21. Methanol shift tanks in front, Iocrmaldehyde interim
storage 1n second row, blending building kehand.

-

F s

Figure 22. Formaldehyde storage and lcoading area. ¢an see
scrubber on left of formaldehyde storage (bottom).
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The interim steorage tanks are located in the same diked area as
the methanol shift storage tanks, adjacent to the blending build-
1ng The tanks are grounded, are equlipped with flame arrestors,
and have i1nternal steam co1lls to maintain storage temperature and
formaldehyde solubility., No mixing except thermal mixing 1s 1n
use The formaldehvde solutien 18 returned to the distillation
column using Geoulds centrifugal pumps with Jehn Crane single
mechanical seals similar to those used in the absorber svstem.
The tanks, which are maintained at azbout S0°C, are vented to a

small water scrubber, which virtually eliminates the tank emissions.

The final product tanks are larger but similiar to the interim
storage tanks. Fiftyv percent formaldehyde solution, received from
the distillation column, 1s stored at 50°C. This temperature 1s
maintainped by internal steamn colls Cne tank has been fitted with
a modified steam heating system which 13 mounted on the manhole
cover for the unit (Figures 23 and 24). The system can be dis-
connected from ocutside the tank, then removed from the tank for

Figure 23. Formaldehyde storage tank manhole
with steam lines attached.
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Figure 24. Formaldehyde storage tank manhole
with steam lines attached.

repalr This reduces the need for personnel entry into the tanks u
and also allowe for adeguate ventilation during repair. The two
tanks are filled with formaldehyde and emptied on an alternating
basls. This allows steam and water cleaning on a two week rota-
tion. Water generated in the cleaning process 1s used as makeup

water 1n the akzorber systen.

Emissions from all formaldehyde storage tanks including interim
storage, fainal product storage, and blending are scrubbed 1n a
passive scrubber hown an Figure 25 and schematically in Figure 26.
The wventilation system for truck loading alsoc uses this scrubber
system. As the schematic shows, this 1s a very simple system con-
sisting of a small scrubber tank, a drainage system, and a delivery
system. The system works on the principle that as a tank 1is
filled, the air above the liquid i1s forced out of the top of the
tank by a pressure gradient. No other blower or vacuum system is

needed. This system algso works on thermal expansion or vapor 8
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Formaldehyde emissions scrubber

Firqure 25,
DELIVERY SYSTEM FROM TANKS &
// TRUCK LOADING VENTILATOR SYSTEW,
LOOSE FITTING CAP
SEALED WITH RESIN ; {RELEASED EXCESS PRESSURE)
| E;;TntnncoannTmm

~3 fost g T H L— DRAIN TO SAMPLE
3R - DISCARD

—— ~3fee! ——

— DELIVERY FIFES

CAP

DRAINAGE

rgure 26. Schematic diagram of formaldehyde emissions scrubber
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pressure gradients. The released contaminate 1= ailr transferred

to the passive scrubber by the delivery system. I[nside the scrub-

ber, the contaminated air is cooled by direct contact with water, .
which also captures the formaldehyde. A pressure drop of less

than si1x inches can achieve the necessary scrubbing for several

tanks. Water vapor from the contaminated air 1s sufficient to

malintain the water level. Excess liguid, which averages about 0.3%
formaldehyde, 1s sent to the sample discard station for reuse in

the spray towers

This scrubber 1s an inexpensive method to reduce formaldehyde
emissions from storage tanks. The tank and all lines were built
by the plant staff from locally available material. Discussion
with the plant manager i1ndicate that the pagsive scrubber 1s effec-
trve 1n reducing noticeable emissione from the storage area.

7.7 BLENDING

The blending building (Figure 27) 1s an enclosed structure, which g
containg & tank eguipped with an agitater on a large weighing scale
Formaldehyde from the final product storage tanks 1s bhlended to

meet the product specifications of consumers. The process operator -
1s responsible for mixing and analyzing the product approximately

once per day The blending pump, which provides mixing and also

pumps the solution to the loading area, 15 a Gould's centrifugal

pump with a John Crane seal with recircylated solution te lubri-

Cate the seal face. The top agitator uses a packed seal to pre-

vent gaseous leaks into the building The tank 1s vented to the

emlssions scrubber described in Section 7.6.
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Figure 27. Blending building and formaldehyde storage.

7.8 FORMALDEHYDE LOADING

Formaldehyde 18 loaded into tank trucks and rail tank cars at the
Hampton plant. Two separate loading areas, one each for raill and
truck leocading, are used as indicated in Figure 1. Formaldehyde
15 pumped from the blending pump te the area that 1s loading.

The truck loading area (Figure 28) 13 located adjacent to the
formaldehyde storage tanks. Tank trucks are lcoaded using a top
leoading, swivel-jeointed, dip tube shown in the storage position
in Figure 29. A suction tube accompanies the dip tube when
placed into the tank truck. This suction seftup 18 rated at

600 cfm and transfers the captured emissions into the water
scrubber «described earlier. This ventilation appears effective,

but not to the extent expected by the plant.

Tests of the equipment are included in the results section.
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Flgure 28. Formaldehyde locading area; scale 1n center.

Figure 29. Formaldehyde loading area.
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Loading 1s metered according to weight. The operator i1s not in the
logading area for the duration, but returns for periodic checks.

The automatic delivery system shuts off the pump when the required
lead 15 delivered. This auto load mechanism prevents overfillang
and reduces worker exposure.

A safety shower and eyewash are located at the bottom of the
leoading platform for emergencles.

The rail tank car loading area uses the same pump to load the tank
cars that 18 used when loading trucks. These operatiohs are Sim-

ilar, except no suction tube 15 present in the rail tank car load-
ing area. Figure 30 shows the formaldehyde rail car loading area.

Frgure 30 Formaldehyde rail car loading.
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7.9 CONTROL ROOM

Operators spend 70-80% of their time monitoring the production
operation from a control room inside the main office building.
Critical operations can be monitored and controlled from thais

area and alarms alert operators to problems,

The control room 1s equipped with two local exhaust ventilation
hocds (Figure 21) 1n which formaldehyde and methanol samples are
analyzed. Formaldehyde samples are analyzed in the larger of the
two hoods. Exhaust contrel for this hood 1s provided by an 18-inch
propeller-type exhaust fan located at the top rear of the booth.
This fan diverts air te a plenum and then to a flexible exhaust
duct running horizentally to an outside wall of the building. The
exhaust duct ends flush at the wall and air as sxhausted outside
through wall louvers approximately 10 feet above the ground.

Figure 31. Area sample control room. Methanol hood on right;
formaldehyde hood on left; center, tripod.
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Methanol samples are analyzed 1n a smallex hood (Figure 32). The

exhaust control for this hood consists of a small fan pushang the

air into a & 1nch by 3 inch duct that i1s exhausted through the
roof of the building.

Figure 32. Methanol analysis hood; kitchen fan setup by door

to office area, control room.
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8. SAMPLING AND ANALYSIS

Two types of samples were collected: 1) long-term or time
welghted average (TWA) and 2) short-term or S5TEL (short-term ex-
posure level). Samples of both of these types were collected as
personal samples or as area samples. All cf these types of samples
were collected to characteraize both formaldenhyde and methanol
concentrations during this survey,.

One process operator and two maintenance workers were sampled for
formaldehyde and methancol for four and three days, respectively,

to determine the average worker exposure during normal shift work,

The process operator was also sampled during potentially high ex-
posure activities for short-term exposure levels Ten areas fre-
quented by the process operator were alsc sampled three times i
including two consecutive samples to determine general concentra-

tions of formaldehyde and methanpl in these areas. 81X sources

were sampled to estimate the contribution of these sources to the k]

general formaldehyde and methanol area concentraticns.

In order to engure that the source samples represented the source
emissions and were not affected by concentrations ¢f the same pol-
lutant 1n the surrounding area, or by dilution, each source sampled
was wrapped tightly with clear plastic and tape-sealed as shown

in Figures 33 and 34. The concentration levels in the source
samples were assumed to correspond to the amount of agent released
by the source over the sampling period and were expressed as the
amount of pellutant released per day.
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Figure 33. $Second spray tower pump; wrapped; tubes in place.

Figqure 34. Blending building pump; wrapped
in plastic; source sample.
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8.1 SAMPLING TIME

The survey ohjectives dictated that twe types of samples be col-
lected. Long-term samples, collected over periods of 120 minutes
or longer were used to determine time-=weighited average exposures
Shert-term samples, collected over periods of hetween 1% and 120
minutes, were used to determine the exposures from certain,
typically short events occurring during normal regular shaft

hours Long~term samples were generally comprised of two approx-~
imately 240-minute long consecutive sampling perlods and were used
to determine an eight-hour, time-weighted average according to the

following formula:

WA = Ref. [1]

1]

where TWA time-weilghted average

T, T, = sampling times for long-term samples
X:.,X, = concentrations of long~term samples
Tt = total time

This same formula was applied to perscnal and area samples Per-
sonal long-term samples were repeated on a second day to enhance

the survey results and to evaluate day-to-day variations and peak
exXposures

Short-term samples were taken during operator activitles that were
expected to preduce peak exposures whach would significantly con-
tribute to and affect the results of long-term samples. Another
reason for taking these samples was to indicate where controls may
be most effective 1f the exposure concentration levels needed to be
reduced. Short-term samples were taken at flow rates of about

200 cemd/min (as compared with 100 cm®/min for long-term samples) to

assure collection of a pollutant volume sufficient for reliable
analysis
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8.2 SAMPLING METHODS

Sampling for formaldehyde was conducted using an active dosimeter
method developd by the research department of Monsanto Agricul-
tural Products Company [2] and approved by the NIOSH project
officer, Mr. W, N. McKinnery, Jr. The mpethod uses sampling tubes
vacked with 2,4-Dinitro-phenylhydrazine (2,4-DNPH)-coated silica
gel to absorb formaldehyde Efrom the sampled gas. To draw the das
through the tubes, MRC used DuPont Model F200 portable sampling
pumps, which were calibraced and set to deliaiver a constant flow
rate (15%) of approximately 100 cc/min (actual pumps ranged from
82.6 to 107.5 cc/min) for long-term samples, as suggested by

Mr. David Haile, supervisor of the MRC industrial-hvgiene certified
labhoratory. Short-term samples were collected using the same pumps
get and calibrated at a constant flow rate (15%) of approximately
200 cc/man (actual pumps ranged from 193.8-=210 5 cc/min). Punmps
were checked for significant (greater than z5%) deviation after
use, and the samples were discarded when 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 with stanhdard MRC Quality Assurance/Quality Control
procedures. Additiecnal detaiis on formaldehyde sampling and
analysis methods are provided in Appendix B.

Sampling for methanol was conducted using a NIOSH-approved active
dosaimeter method, NIOSH 559. Silica gel tubes were used 1n con-
Junctien with DuPont Model P200 pumps which were set and calibrated
at a constant flow rate (i5%) of approximately 50 ¢¢/min {actual
pumps varied between 47.0-54.4 co/min) for personal, source, and
area sampling. Pump [lowrates were checked after sampling to
ensure constant flow
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To assure quality of results, an unexposed s1lica gel tube was

collected ag a blank during each sampled shift. In additaion,

nethanol samples were c¢ollected in duplicate and one ¢of the dupli- ”
cates was spirked during gampling with either 0.8 or 1.2 times the

PEL to check on recovery and precision of sampling and analytical
procedures. All methanol samples and blanke were analyzed accord-

ing to MRC Quality Assurance/Qualiity Control FProcedures. Addi-

tional details on methanol sampling and analysis procedures used

are 1ncluded 1n Appendix B.

During sampling, a log of pertinent ainformation was developed
using Monsanto DMEH Industrial Hygiene Monitoring Forms. Re~
corded information on these forms includes: tube 1dentification
number, identification of sampling locat:ion, pump initial and
final flows, sampling time, and comments.

8.3 NUMEER OF SAMFPLES

Excludaing blanks and spiked blanks, 71 formaldehyde and 44 meth- "
anol samples were cellected duraing the survey as shown in Table 1,
Section 1.2.

8.4 LOCATIONE SAMFELED

Figure 35 shows the locatien in the plant where sampling was con-
ducted. Table 2 lists the locations sampled and the number of
area and source samples taken at that location.
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TABLE 2. AREA AND SQURCE SAMPLE NUMBERS

AND LOCATION SUMMARY

Location

Number of samples

Formaldehyde

Methanol

Arxea

Formaldehyde truck loading
Formaldehyde tank car loading
Spray box area
Distillation column area
Converter area - ncorth end
Converter area - south end
Spray Tower #1

Contreol/slab room

Blending building

Control lab hood

Methancol shift tank storage
Methanol unloading

Source

Formaldehyde interim product pump
Spray tower #2 pump

Distillation ccolumn pump
Elending pump

Spray box pump - fluid sealed
Spray box pump - nonfluid sealed
Methanol unlcading pump

Totals

Ll - R TR T I U I S o ]

Ll I R R

44

[l Sl C P - IR TSI I P A

=
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9. RESULTS

The following tables present the analytical results for samples
taken at the Reichhold Chemic¢als, Inc., Hampton, SC, plant during
Bugust 24-27, 1582. All wvolumes and concentrations have been cor-
rected to standard temperature and pressure (20°C and 760 mm Hg).
Tables 3 and 4 present the long-term personal sample analytical
results for formaldehyde and methanol, respectively. Short-term
personal formaldehyde sample analytical results are presented 1in
Table 5. No short-term methancl samples were taken. Area sample
results are presented i1n Tables 6 and 7. Source sample results can
be found in Tables 8 and 9. Results from the wventailation tests on
the formaldehyde lcading ventilation and the control lab hoods are
presented 1n a discussicn following the tables.

All methanol samples taken during the survey had a methanol quan-
tity on the back half of the tube greater than 25% of the guanti-
ty on the front half of the tube (except those with concentrations
below the detectiaon lLimit). This indicates potentially significant
losg of material must be taken into account when <comparing these
samnples with others. It i1s not known at this time whether these
tubes were subject to methancl migration during storage prior to
analysis, were gsignificantly affected by humid conditions during
the survey, or actually had breakthrough during sampling. Also to
be noted are the small concentrations found on the tubes,
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9.1 FORMALDEHYDE LOADING

Local exhaust ventilation control 1is provided for tank truck
loading; no forced wventilation control i1s provided for rail car
loading. Prieor to loading a tank truck, a 6«inch flexible ex-
haust duct is 1nserted inte the hatch opening and positicned so
that the end of the duct 1s approximately 6 inches below the
hatch opening. Contaminated aair 18 exhausted with the use of a
centrifugal blower fan located at the loading platform. Air from
the fan 1s directed through ancother section of 6-inch flexible
exhaust duct to rigid BVC piping. Contaminated air i1s ultimately
directed to the makeup water tank for the absorber.

The air velocity towards the exhaust duct was measured 4 inches
from the duct face with an Alneor Jr., swinging vane velometer.
Air velocity would have been measured directly at the duct face
but the measurement was off-szscale and could not be recorded.
The velocity measured 4 inches from the duct was 225 fpm. 1In
using the fellowing formula, the air fiow through the duct can
be calculated:

Q= (10 X2 + AW Ref. [3]

where V = centerline velocity at X dastance from the hood, fpm
X = distance cutward along aXis in feet
D = air flow, cfm
A = area of duct opening 1n square feet

The air flow for the duct 1s 294 cim. In knowing that an aver-
age of 4,500 gallons of formaldehyde 15 loading into a truck over
an average period of 40 minutes, one can determine the air withan
the tank which 1s displaced. Converting 4,500 gal to 602 ft2, the
the fcllowing volume of air 1s diasplaced per nminute of loading:

602 £t3 _ '
20 min_ - 15 cofm of air displacement
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1t appears that the exhaust veolume of 294 cfm should be meore than
adequate to remove displaced, contaminated air from the tank.
However, condensing vapers assumed to gontain formaldehyde gas were
observed to be escaping the tank through the hatch opening during
loading. This 15 possible sance the air velocity at approximately
one diameter in front of the hood (6 inches) 1s only approximately
7.5% of the velocity at the duct opening. In fact, the velocity
towards the duct opening at a distance of 1/2 diameter (2 inches)
directly to the side of the hood opening i1s only 7.5% of the vel-
ocity at the duct opening. Using the above fermula of § =

(10 X% + A)V, ohe can determine the air velocity at the duct opening
as 1,498 fpm, using the air volume {Q) as 294 cfm. Therefore, the
velocity towarde the duct opening at 3 inches to the side of the
duct 18 only 112 fpm (7.5% of 1,498 fpm). Since the exhaust duct is
lowered about 6 inches below the hatch opening, 1f the duct were in
the middle of the opening, the distance from the edge of the duct
opening to the open hatch edge would be appreximately 11 inches.
Capture velocity towards the duct at this point would be mainimal.
Thus, displaced contaminated air can escape the tank truck through
the hatch since the capture velocity i1s not adequate at the hatch
opening to collect i1t. These emissions could be reduced by cap-
ping the tank hatch, even partially.

9.2 CONTROL ROOM/LAE HOQDS

9.2.1 Formmaldehyde Analysis BHood

Ventilation measurements were taken with an Alpner Jr., swinging
vane velometer to determine the average inward face velocity of
the booth. Ventilation readings ranged from a positive pressure
(air blowing out) at the left side of the booth face to 25 fpm
inward on the right side.

Hood exhaust contrel i1s inadeguate. With air blowing out of the
left si1de of the booth, contaminated air i1s blown into the room,
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increasing the exposure for the operator during analysis. An
inward alr flow should exist across the entire face of the hood,
with the inward air flow averaging a minimum of 100 fpm.

9.2.2 Methanol Analysis Hood

The boiling point 18 determined for all methanol samples, drawn
from ra1l cars to be unloaded, within the smaller of two locally
exhaust-ventilated laboratory hoods an the control/lab room., A
smoke tube air flow test indicated that air i1s blowing out of the
hood at the top right corner of the face. Alr velocity measure=
ment.s taken at the remainder of the hood face with an Alnor Jr.,
svinging vane velometer ranged from ¢ teo 50 fpm.

Hood exhaust control i1s inadeguate. This 1s i1ndicated by the very
high methanol concentration measured with the area sample (number &),
probakly caused by the air blowing out of the heod. An inward air
flow should exist across the entire hood face. The inward aar
velocity should average a mipnimum ¢f 100 fpm s¢ as to provide ade-
gquate control during analysis.
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10. CONCLUSIONS

10.1 FORMALDEHYDE EXPOSURE

10.1.1 Operator Long~-Term Exposgure

Two consecutlive personal samples were taken on the same operator
during the day shifts of Tuesday through Friday. The total sam-
ple pericd for esach set of consecutive samples taken during a
shift ranged from 359 to 444 minutes. The time-weighted average
results for these sample periods should give a good estimate of
the operator's daily 8-hour shift exposure. The sample results
for each pair of samples have been averaged to yield a time-
welghted average axposure concentration for sach day the operator
was sampled. The results are presented in Table 3, $Section 3.

The four time-weighted average (TWA) concentrations for the four
shifts sampled ranged from 0.38 to 0.68 ppm. The four TWA expo-
sure concentrations are 23% or less of the OSHA TWA permissible

exposure limit (PEL) of 3 ppm. Thus, the long-term operator ex-
posure 1s consldered to be noneXcessive and ¢ontrolled for these
days when the exposure wasg evaluated,

10.1.2 Maintenance Personnel Long=Term Exposure

Long-term samples were taken on each of the same two maintenance
workers during each day shift of Tuesday and Wednesday; samples
were taken on one of them on the Thursday day shift and on the
other on the Friday day shaft. Two consecutive long-term samples
were taken on each maintenance worker during a shift. The total
periods for each shift ranged from 345 to 445 minutes. A
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time-weighted average exposure concentration has been determined
for each pair of consecutive samples worn. Each time-weighted
average concentration should give a good estimate of a maintenance
worker's exposure for an entire 8-hour shift. The sample results
are presented in Table 3, Section 9.

The six time-welghted average exposure concentrations ranged from
a nondetectable concentration (<0.05 ppm) to ¢.32 ppm. All of
these exposure concentrations are much less than {(11% or less) the
OSHA TWA PEL of 3 ppm and indicate a nohexcessive, controlled ex-
posure for these maintenance workers and specific shifts sampled.

The maintenance workers were eilther cutting strands of silver to
be used as the catalyst, installing a transformer, trimming the
grounds, or mopping the floors at the kedginning of the shift with
a weak ammeonia solutien. Thus, although the workers were located
1n the area of the production unit and the control/lab room, they
were not exposed to more potentially hazardous sources, such as
repairing fermaldehyde leaks or working on the actual process.

1f process-related maintenance activities were being conducted,
guch as repairing punps of seals, the exposure levels may have
been different, or even excessive. When majlJor leaks are being
repaired, a full-face gas mask 15 worn, which should provide
adecquate protection for such an intermittent exposure.

10.1.3 Formaldehyde Loading

Cne short-term persconal sample was taken on an operator while
loading a tank truck and one on an operator while loading a rail
car. These results are reported in Takle 5, Section 9. In adda-
tion, two area samples were taken at the railcar loadang platform
and at the tank truck loading platform while formaldehyde was
loaded. The concentrations for these samples (0.28 ppm and 8.62
respectively}, are presented in Table &, Section 9.
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Both the tank truck and rarl car were loaded with 50% formalde-
hyde sclution at 160°F (71°C), which is the most concentrated
formaldehyde loaded at the plant .and presents the most potentially
hazardous exposure during loading. NKeither of the personal sam-~
ples exceeded the OSHA celling limat of S5 ppm.

The highest personal exposure concentration of 0.55 ppm 18 only
11% of the limit. These regults indicate a controlled exposure
for the samples taken. It should be stated that the sampling
team would have liked to have taken more samples to more ade-
guately evaluate the exposure, but only one tank truck and one
rail car were loaded during the 4-day survey.

The worst exposure sources for the operator when loading are dur-
ing sample withdrawal, when removing the loading line and exhaust
duct, and when closing the hatch after loading. As stated 1n Sec-
tion 7, local exhaust wventilation control 1s provided during tank
truck loading. Although exhaust control is provided, i1t 1s not
adequate. One could see formaldehyde mist condensing above the
hatch during loading. In fact, the industrial hygilenist sampling
team member stood on the elevated loading work platform during
loading and smelled the escaping formaldehyde gas, and experienced
burning eyes due to the exposure. The perscnal sample result in-
dicates that although exhaust contrel i1s inadequate, the cperator
was not exposed to escaping formaldehyde gas long encugh during
sample withdrawal to produce an excesslve exXposure.

When the lecading had ceased, much less formaldehyde gas 15 escaping

the hateh during line removal and hatch closing, s1hce residual gas

18 not being forced out of the tank due to displacement during load-

ing. Again, the sample result indicates that the operator 1s not
exposed to an excessive formaldehyde concentration during these
operations.
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In summary, the o¢operator is in the loading area such a short time
that his exposure 15 not excessive.

Since rail car leading 1s performed without local exhaust venti-
lation contrel, 1t would be expected that the operator's exposure
to formaldehyde gas would be greater than the exposure duraing
tank truck loading. The persconal sample result taken during

rail car loading dces not support this hypothesis, It 1s assumed
that the operator was not exposed to high concentrations of for-
maldehyde gas escaping from the rayl car dome during sample with-
drawal, loading line removal, and dome closing for a long enough
exposure time to create an excessive exposure.

During a different sampling period, weather conditions might be
such that formaldehyde gas escaplng from the dome would be blownh
at the operater while taking a sample, or during loading line
removal and clesing of the dome. It 1s possible that this condie
tion might ¢ause an excessive short-term exposure.

10.1.4 Formaldehvde Solution Sample withdrawal and Analysis

10.1.4.1 Abscorber/Distillation Column Sample Analysls--
S1x short-term personal samples were taken on an operator while
either 1) consecutively withdrawing an absorber and a distillation

column sample and analyzing them or 2) withdrawing a single ab-
sorber or dastillaticn c¢olumn sample and analyzing 1t. The
results of these samples are presented in Table 5, Section 9.

The six sample results range from a concentration of 0.31 ppm to
1.89 ppm. The highest concentration is 38% of the OSHA ceiling
limit of 5 ppm, with all other sample concentrations only 23% or
less of the OSHA ceiling limit. One would expect the sample re-
sults for two samples analyzed consecutively to be greater than
those resuylts for one sample analyzed. This did not occur, most
probably due to varying weather conditions, slightly varying work
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procedures, et<., as well as the low levels of formaldehyde detected.

As stated in Section 8, the laboratory hcod in which all process
samples are analyzed, does not provide adequate local exhaust
ventilation contrel. A diagram of this hocd 1s shown in Figure 36.
Since a peositive pressure exists on the left side of the hood,
contaminated airr blows out of the heeod, increasing the exposure to
operators and other workers present inside the control room. Inward
alr flew at the rest of the hood face i1s far below a minimum recoin=
mended average velocaity of 100 fpm. An increase i1n the inward face
velocity of the hood to a minimum average of 100 fpm would increass
control of formaldehyde gas during analysis, thus decreasing the
operator's overall exposure during sample withdrawal and analysis.

10.1.4.2 Tank Truck or Rail Car Sample Analysis; Blend Tank
Sample Withdrawal and Analysgig-—-

It was not possible to take short-term personal samples on the
operator during tank truck sample analysig or blend tank sample
withdrawal and analysis due to limited amount of shipment during
the time of the survey wvisat.

The greatest source during tank truck or rail car sample with-
drawal and analysis would be the exposure resulting from sample
withdrawal. Since local exhaust ventilation control is provided
during tank truck sample withdrawal, one would expect the exposure
while withdrawing a sample from a tank truck to be less than that
when withdrawing a sample from a rail car. Although the operator
eéxposure was gquite low for withdrawal and analysis of a sample
from a rail car (0.19 ppm), 1t could be higher 1f the wind is
steadily blowing formaldehyde gas from the open dome in the di-
rection of the operator during sample withdrawal. Adeguate local
exhaust ventalation contrel during rail car loading and sample
withdrawal would insure greater exposure control.
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Again, due to insufficient time, 1t was not possible to evaluate the
operator's exposure through a personal air sample when taking a blend
tank sample and analyzing 1t. The blending tank sample required
less than three minutes to take and the sample is analyzed at the
customer's plant. It is expected that the exposure would he sim~-
1lar to that when taking an absorber or distillation column sample
and analyzing i1t. Samples are taken in the same manner. Both types
of samples are analyzed i1dentically. Considering these similarities
and the noneXcesslve sample results in Table 5, Section 9, for the
three samples taken on an operator during withdrawal of an absorber
or distillation sample and analys:is of that sample, the taking and
analysis of blend tank samplez would most probably present a non-

eXCesslve eXposure.

10.1.5 Formaldehyde Area Sampling

Two consecutaive four-hour area samples were taken in seven loca-
tiong 1n the plant. A third four-hour sample was taken on a
second day at six of the locations, and additional consecutive
samples were taken at the seventh location. Single sanples were
taken at three locations, and several short-term samples were
taken at one location. One zsample was voided due to extreme flow
deviation of the pump. Long-term sample times ranged from 101 to
246 minutes and from 355 to 453 minutes for the twe consecutive
periods, Table 6 in Section 9 presents the analytical results of
this sampling. The sample sites and sampling times were selected
to give a representative indication of area formaldehyde concentra-
tion withain the plant.

The five preduction area samples range from 0.05 to 1.38 ppm. The
highest concentration is 46% of the OSHA permissible exposure
limit of 3 ppm TWA. Area time-weighted averages for all samples
taken in an area range from 9.15 to 0.69 ppm, or less than 23% of
the permissible level.
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The results of this area sampling indicate that the engineering
controls and natural ventilation of the production area were ade-
quate to prevent excessive exposure to workers while in these
areas during the periods sampled.

Az part of the area sampling, three consecutive long-term area
samples were taken i1n the contreol/lab room on each of the 8725,
8/26, and 8/27 day shifts, in order to determine the general TwWA
concentration within this room during the day shaift. The total
sampling periods for each set of samples ranged from 418 to 431
minutesg, approxXximately seven hours total. The averages of each
set of consecutive sample results ranged from 0.41 to C¢.68 ppm,
which should give a good estimate of the average room area con-
centration during these shifts. These results indicate that cross-
contaminatien from the ocutside proeduction process, plus that from
formaldehyde sample analysis within the room, do nct cause exces-
gi1ve concentrations in the room on an average, during the shift.
Data con the results are presented in Table &6, Section 9.

Four short-term area samples were taken at the large laberatory
hood 1n the control/lab room during formaldehyde sample analysis.
The samples were located one foot to the right of the left sink
within the hood and two inches outside of the hood. The results
ranged from a below-detectable concentration (0.05 ppm) to 1.14
ppm, and are presented 1in Table 6, Section 9. Sample 1,230

(0.65 ppm) and sample 1,812 (1.14 ppm) gave greater sample concen-
trations than the corresponding personal samples worn by the oper-
ator during sample withdrawal and analysis (#1,329: 0.40 ppm;
#1,129: 0.31 ppm), even though area sample periocds were only
slightly longer than personal sample pericds. These higher con=-
centrations inside the hood than outside of 1t indicate that lab-
cratory hood local exhaust wventilation contrel i1s i1nadequate since
the concentraticns i1nside of the heod, which should be immediately
diluted and removed, exceed those of the personal samples. Since
ventilation measurements indicated air blowing out of the left side
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of the hood face, 1t 1s pogsible that c¢ontaminated air was being
blown past the area samplers, increasing their concentration, without
greatly contaminating the personal sample worn by the operator.

4 short=term sample was also taken at the truck loading area
during loading. The sample was located on the elevated platform
used by the operator during loading preparation and ran for 49
minutes. A concentration of £.62 ppm was found during this sam-
ple period, indicating that the local exhaust ventilation for the
loading operation 1s not effective and should be reanalyzed by
the plant. The ventilation duct should be i1nspected for leaks
and the blower should be certified as vaper proof. This concen-
tratieon exceeds the acceptable short term expeosure limit and may
1indicate considerable exposure for workers in the area.

10.1.7 General Conclusions on Formaldehyde Exposure

The personal and area samples taken during the detailled indus-
trial hygiene survey yielded exposure or potential exposure up to
46% of the O5SHA PEL of 3 ppm TWA for long-term samples. A single
short-term sample yvielded 172% of the 5 ppm short-term TWA PEL,
with all other samples vaielding less than 38% of the OSHA PEL. »
Forty-two of the 48 samples were below 17% (0.5 ppm and 0.85 ppm)

of the respective permissible levels.

All samples except the single truck loading sample indicated non=
excessive, controlled exposures for those days sampled, The ex-
posure could be excessive for the operator while withdrawing and
analyzing a sample from a rail car, although a long-term personal
sample and short-term sample worn by the operator during rail car
locading did indicate nonexcessive exposures. Different weather
conditions, such as 1f the wind i1s blowing escaping formaldehyde
gas from the cpen dome towards the operator during sample Wwith-
drawal, may produce an excesglve short-term exposure.
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The exposure for maintenance personnel could perhaps be excessive
during major leak repalr without protective gear. However, the
wearing of proper personal protective eguipment would be considered
adequate control during such irregular, intermittent exposures.

10.2 METHANOL EXPOSURE

10 2.1 Operator Long-Term EXposure

Two consecutive perscnhal samples were obtained for the same oper-
ator during each day shift from Tuesday through Fraiday. The total
sample period for each set of consecutive samples worn by the oper-
ator ranged from 359 to 438 minutes, an approximate &~hour to over
7-hour sampling pericd. A time-weighted average concentration was
determined for each shift sampled, using the results for each set
of samples worn. The time-weilghted average concentrations should
give a good estimate of the operator's exposure for each shift

sampled. The results are shown 1n Table 4, Section 9.

Samples taken during the seceond half of 8/27 were apparently con-
taminated during analysis. All samples from that period, including
a sealed blank, were analyzed separately from the other analyses
and had very high methancl concentrations, i1ndicating significant
contaminaticn. As a result, the time-weighted average concentration
for the operator's second personal sample on 8/27 1s not reported
or used 1n this disgcussicon,

The time-weighted average concentrations for each set of samples
ranged from >4.63 to »>8.20 ppm, Which are 8% or less of the QSHA
Twa PEL of 200 ppm. Thesge results 1ndicate a nonexcessave, con-

trolled exposure during the times that these samples are taken,
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10.2.2 Maintenance Persohnel Long-Term EXposure

Two consecutlive personal samples were taken on each of two main- ¢
tenance workers during the day shifts of 8/25. Consecutive pers-
onal samples were alsc collected on one of these workers on the
8/26 day shift and for the other on the 8/27 day shift. The sec-
ond sample of the set worn on 8/27 was apparently contaminated
during analyses as explained earlier. Thus, thas result will not
be used in calculating a time-weighted average for that sample.
The total sample pericd for each set of samples for maintenance
workers ranged from 424 to 445 minutes, each set being more than
a seven~hour sample period. It is felt that the time-weighted
average of each set of sample concentrations should give a good
estimate of the worker's exposure for that shift.

The time-welighted average concentration for each set of samples

ranged from below detectable limits up to >1.53 ppm. These results

are 0.8% or less of the OSHA TWA PEL, 1indicating a controlled, non-
exceszive exposure for those samples taken. -

As explained in Secticn 10.1.2, the maintenance workers were not
directly exposed to potential methanol vapor sources during sam- »
pling, such as during leak repaar, preocess equipment maintenance,

etc. It 1s expected that their exposure concentration would be

higher 1f performing process maintenance. However, 1t should not

be excessive since large spills would not be expected and the

allowable exposures for methanol are relatively high.

10.2.3 Area Methanel Sampling

Two consecutive 4-hour area samples were taken in s1X locations

in the plant. A third sample was taken on a second day at five

of these locations and a second set of consecutive samples were

taken at the contrel room. Four locations had individual sam-

ples taken. BSample times for i1ndividual samples ranged from 44 T
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to 285 minutes and from 357 to 453 for the two consecutive sam-
ples. The 44-minute sample was for a short-tem operation. The
total sample times represent a good estimate of a shift, and ana-
lytical TWA results should be representative of concentrations
present at these particular locations during the sampling period.
Analytical results can be found in Table 7, Section 9.

Production area sanples {five locations) range from below detectable
limzts (<1 ppm) to 1.53 ppm. This represents 0.8% or less of the
OSHA PEL for methanol of 200 ppm.

Twelve of the 15 samples taken 1n the producticon area were below
detectable limitg, 1ndicating an extremely low exposure potential
tc methanol in this area. The methanol unloading sample also 1s
below detectable limits, indicating very low exposure potential
in thie area.

Two consectuive long-term area samples were taken in the centrol/
lah room on 8/26 and 8/27 1n order to determine the TWA exposure
within this room. The second sample taken on 8/27 has been con-
taminated, similar to the others taken during that period, so that
the TWA concentratien for this day cannot be determined.

The TWA concentration for the two samples taken on 8/26 is greater
than €.9 ppm. The total sampling period was 432 minutes. It 1is
expected that this sample cencentration i1s a good estimate of the
general area exposure witin the contrel/lab room during the day of
sampling. Thas would i1ndicate a nonexcessive general exposure with-
in the contrel/lab room, since the exposure concentration i1s only
3.5% of the OSHA TWA PEL. Although only one day was adequately
gsampled, 1t 1s expected that the general room exposure should be
nonexcessive at all times, since almost all of the other methanol
sample resulte are quite low.
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One short~-term area sample was taken next to the smaller labora-
tory hood during the boiling point determinaticon of a methanol
sample. The sample concentration of 51.4 ppm indicates a relatively v
high exposure, though still below OSHA standards. This 1z most
probably caused by contaminated air was blowing out of the hood

at the right upper corner of the face across the sample, Although
the exposure Ior the area sample was relatively high, the operator's
long-term exposure 1s nonexcesslve (#0l; #10) saince he does not
analyze samples for a long period of time and contaminated alr
blowing cut of the lahoratory hoed 1s not continuously blowing on
the operator.

10.2.4 General Conclusions on Methanol Exposure

The personal samples indicate a very low, controlled methanol

exXposure. Maintenance personnel could be exposed to an excessive
methanol exposure during major leak repair, but the proper wear-

1ing of protective equipment will provide adequate control during

this intermittent, emergency-type eXposure. Area samples also -
indicate very low concentrations, supporting the conclusion that

the workers are protected in a well=controlled workplace.

10.3 EVALUATION OF ENGINEERING CCONTROLS

10.3.1 Formaldehyde Sampling

Table 8 in Section 9 presents the analytical results of the source
formaldehyde sampling. Footnotes indicate that 4 of the 11 sam-
ples taken had breakthrough into the backup section of the sample
tubes. This breakthrough was greater than 25% for these four
tubes, 1ndicating that the sampling volume was too large or that
the formaldehyde concentration from the sources were too high, and
that these values can only be used as rough "minimum" estimates
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of any values. In addition, these samples exceeded the cali-
brated range for the method and the calibration curve was extrap-
clated to provide numerical results. Thus, these four samples
are not indicative of the true concentrations for these =ources,
except to 1ndicate very high c¢oncentrations compared to personal

ar area samples.

S1X process pumps were campled during the survey. These pumps use
John Crane seals on Gould centrifugal pumps. Two types of sealing
methods were studied, ons type using recirculated filuid on the
seal face, the other not using any liguid on the seal face. Four
pumps used the fluid sealed face. Concentrations from these pumps
randged from 4.33 to »>193.9 ppm indicating a significant differ-
ence 1n the performance of the seals. It should be noted, how-
ever, that as the formaldehyde concentration of the solution

being pumped increases; 1.e., from weak formaldehyde solutiecn

from the second absorber to the strong (50%) solution at the
blending pump, the sample concentration also increases. The

two nonfluid seal pumps sampled had concentrations from 1.20 to
55.2 ppm. Again, this 1s a large difference. However, the prob-
lem of strenger concentratlions releasing more formaldehyde does
not exist. It appears from the results of the sampling that there
18 not a large difference hetween filuid and nonfluid sealed pump
release rates. The plant maintenance personnel do not replace
nonfluid seals on a more regular basis than fluid seals, which
seens to 1ndicate no signrficant advantage of one type of seal

over anocther,

Analytical results for mass released per day are summarized in

Table 10. These results assume that the concentration released
was constant within the volume sampled, and that the leak rate

from the controls is constant.
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TABLE 10. FORMALDEHYDE MASS LOADINGS RELEASED
FROM SAMPLED ENGINEERING CONTROLS

HCHO Sampling Daily
mass, tima, relegse
Description Tube no. Hg Inin rate, g/d
Fluid sealed
Spray tower #2 pump 1,786 98.42 201 7.05 x 10 4
289 117.7 212 8.00 x 10 ¢
Spray box pump 1,839 411.1 185 3.20 x 1073
1,074 495.1 237 3.01 x 10 ®
Interim product pump 16 >1,010% 1756 >8.33 x 108
437 195.5 216 1.30 x 103
Blending pump 1,904 >1,440% 64 »3.24 x 102
1,058 >1,520 133 >1.64 x 10 2
Non-fluid sealed
spray box pump 1,254 >1,580% 222 >1.03 x 1072
Distillation pump 1,898 26.08 188 2.00 x 10_*
0% 68.68 213 4.64 x 10 %

fgreakthrough occurred.

These samples indicate a low release rate, less than 0.025 kg/
year, from each of these pumps. If a comparisen of the two types
of seals 1s made (1n particular, comparing the twc spray box pumps
which punmp the same material), the nonfluid seal appears to have a
leakage rate a factor of 3 greater than the fluid seal. However,
this is not supported when comparing the distillation pump and the
blending punp which pump similar solutions. In this case., the
blending pump (fluid seal) has a leakage rate which 1s a factor of
100 greater than the nonfluid seal. The compariscn of the two
seals i1ndicates that other factors =uch as malintenance, length of
use, and intermittent use also 1nfluence leakage rates.
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10.3.2 Methancl Sampling

Table 9 1h Section 9 presents the analytical results of the source
methancl samples. It should be noted that breakthrough to the
back sectlion cccurred on all three samples taken during the survey
due to unknown causes. The analyst deces not believe that this 1g
the result of overlcading of the tube, but rather, was due to
migration or humidity problems. Three samples were analyvzed for
two pumps. One of these samples was volded due to contamination.
Results of the remaining two samples indicates that the John Crane
seals used were very effective, contrelling release rates to

1.45 x 10" % g/d for the methanol unloading pump and 5.50 x 10 * gyd
for the formaldehyde anterim product pump. These values indacate
that the methanol release rate i1s well controlled for these

pumps sampled.

10.3.3 Lakeratory Hoeds

The two laboratory hoods 1h use are not adeguate to capture vol-
atile emissicns during sample analysis. Redesign of the hoods
appears necessary. Ventilation readings for the large hood regis-
tered as air blow-out {positive pressure) to 25 fpt, which 15 below
the recommended minimum of 100 fpm inward velocity across the hood

face.

The smaller hood was also tested and inward face velocities
ranged from ¢ to 50 fpm, also below the recommended face velog-
1ty. The insufficient face velocities allow contaminated alrx
to be cairculated inte an area where the operater spends 70-80%
¢f his time This circulation of contaminated air 1s supported
by the area samples taken in the control room during the survey.

81



10.4 FINAL CONCLUSIONGS

The Reichheld Chemicals, Inc., formaldehyde plant in Hampton, SC, ah
uses work practlices, engineering controls, and natural ventila-
tion to control worker exposure to formaldehyde and methanol to
acceptable levels. 1In most cases, formaldehyde exposure 1s below
20% of the OSHA permlssible exposure limit of 3 ppm, 8-hr TWA,

and OSHA short-term exposure limit of 5 ppm. The nine areas
sampled were withain these limits. Engineering controls appear to
reduce expected levels of formaldehyde, but no exact conclusions
can be made since no samples were taken with mo controls in place.
Natural wventilation appears to provide the major control of ex-~
posure, with englineering contrels reducing exposure 1n some

specific cases.
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APPENDX A

SAFETY RULES
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The following safety equipment 1s available to all RCI
and will be expected to be used by you when necessary:

14,

SAFETY RUOLES

Face shields

Goggles

Cloth work gloves

Rubber work gloves
Rubber laboratory gloves
Rubber coats

Rubber suits

Boots

Gas mask

Flash lights

Safety helmet

Coveralls

Safety belts, harness and lines
Inrect alr respirators

Use of goggles or face shields:

A.

f

employees

Disceonnecting any line where there 1s a possibilaty of

pressure build up.

Bandling any corrosive chemicals (acid or caustic}

Grinding, chipping, or handling any material in a way

that a particle might be dislodged with sufficaient

force to cause bodily harm,

Gas mask (mask must be cleaned and checked before use):

A

When entering any tank, building, or area where there
1s expected to be sufficient gas vapors or dust con-
centration to cause respiratory difficulties (HCHO in

excess of 3 ppm).
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B. When removing any line or equipment where there i1g a
possibility of discharge of material which would
cause respiratory difficulties. )
C. Oxygen content, HCHO content, and explosiveness must be

checked hefore entering hazardous areas.

Hazardeus area (tank, wessels, etc.):

A. No one shall enter any hazardous vessel without taking
the necessary safety measures as follows:

1. Gas masks must be cleaned and checked for proper
ocperation and equipped with new filters (1nsgide
and outside alement). Oxygen conbent minimum
(19.5%), HCHO content and explosiveness must be
checked.

2, Safety belt must be worn with line extended to
safe area.

3, No one shall stay 1n a hagardous area more than "
30 mainutes wathout a 15 minute break. Oxygen
content, HCHO content, and explosiveness must be
checked every 15 minutes. -

4, If extreme difficulty in breathing i1s experienced,
or 1f a trace of chemical odor 15 detectd whila
using a gas mask, a direct air respirator must be
used.

5. Any areas to be exposed to non-explosive-proof
motors, welding, or open flame must be checked
with the explosive metey first before operation.

6, An agsistant must always be stationed 1n a safe
area to render aid 1f necessary. He must have at
his disposal a direct air respirator, gas mask,
protective clothing and a fire extinguisher (Type
A, B, or €¢). He must also have easy access to the

gafety line of the man in the hazardeus area,
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7. A1l vessels must be boiled out and rinsed for
24 hours before entering. The management will
advise when suitable.

Aacending tanks, towers, etc.:

A. Any one climbing or working above the ground where he 1s
not completely protected by guard rails must use a safety
belt or harness with a support lanyard. The lanyard
must be attached at all times.

Hazardous chemicals (acid, caustic, ammonia, etc.):

A, All perscns handling hazardous chemicals shall use
shields or goggles, gloves, hats, and coveralls.

1)

HCHO (atmogpheric) must be checked once per shift (maximum
concentration 15 3 ppm} and laogged.
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AFPENDIX B

FORMALDEHYDE AND METHANOL
SAMPLING AND ANALYSIS METHCDS
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Sampling of Formaldehyde in Air with Coated Solid Sorbent
and Determination by High Performance Liquid

Chromatography

Ronald K Baasley, Catherine E, Hofimann, Melvin L. Rusppe!, and Jimmy W, Worley*
Research Departmenl, Monsanta Agricudnaal Products Company, 800 Novih Lindbergh Boulevarg, St Lows, Missount 83168

A mothod tor the specific delermination of formaldetyde In
ab |s described. Formakishyde is sampied with slice gel
coaled with 2,4-dinfirophenythydrazine The sorbent bs ex-
tracted with acatonlirlle, and Iha hydrazons Is determined by
reversg-phase HPLC with UV delection at 340 nm  The math-
od was valldated over the range of 2 5-93 3 ig formekiehydo
(D 10-3 B ppm for p 20-L alr sampla) Avorage recovery was
04 parcent, with a relaliva standard devialion of 0.04.

Potential occupational exposure to formeldehyde, & major
industrial chemical worldwide, has been a serious concern
The coneern 15 based on ita significant irritant effects (1-3)
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and an its potential to react with hydrochlorie acd to form
bus{chloromethy!) ether, a known carcinogen {4) The cencem
has intensified recently with the snnouncement by the
Chenucal Industry Institule of Tomeology (5) that prelimmary
reaults of a long-term inhalation study mdicate formaldehyde
1B A CRFCINOEEN 1N rata

Many methods for the determination of formaldehyde
ar have been reported (2, 6-13), but none aflows convensent,
reluble, and specific measurement of personnel expasure We
now raport a new solid sorbent procedure for formaldehyde
which avercomes these problems The sorbent 15 sthea gel
coated with 2.4-dinirophenythydrazne Anajveis of the re
sulting hydrazone dernvative 12 by HPLC wath UV detection.
gwving the desired specificity  Huomudity and atorage effects



are roported, along with the resulta of vahdation, field testng,
and comparison with the wdely used chromotrome acid
procedure

EXPERIMENTAL

Beagents Formaldehyde (37%), dimethyl formarmide, and
hydroehlorie acid were Fisher Certified ACS grades  Acetonitnie
was Burdick & Jackson distilled-in-glass Sihes gel waa fram
Aldnch (Catalog No 21,441-8, Grade 15, 3660 mesh)

2 4-Dinitrophenylhydrazine (2,4-DNPH) was from Matheson,
Coleman, and Bell Authentic formaldehyde hydrazone dernative
was prepared by a literature procedure (23), and recryatallized
thiee tmes from ethenel mp, 164-185 °C (it mp, 166 °C)

Certified paraformaldehyde permeation tubes were purchased
from Metronies Corporation  o-Polvoxymethylene {o-POM)
permeation tubes were prepered foom o-POM supphed to us by
W M Haynes of the Environmental Analytical Seiences Center,
Monsanto Ressarch Corpotation, Dayton, Ohie

Apparatus Portable sampling pumprs ware Models P200 and
F4000 from E I du Pont de Nemours & Co, Ine

The HPLC systetn used wns a Waters Model 6000A pump, a
Rheadyne Model 70-10 mpection valve with Model 70-11 loop filler
port end B0-pL fined volume Toop, a Waters Model 440 UY-vurhle
ahsorhance detector fitted with a 340-nm wavelength kat, and &
Houston Instrument Ommiscribe B-5000 recorder fitted with a
Spectrum 10214 fAlter and amplifier A Waters C,o/Coraml guard
eolumn wes uped with a Supelce Supeleasil LC-8 {150 X 4 6 mm)
analytical column

A Metromes Dynacahbrator Model 450 permeatton system with
hgh temperature option was used

A General Eastern Model 400C relative humadity / tempersture
monitor was used ity the hunudity studies

Generation of Formaldekyde Standard Permeation tubes
of a-POM were prepared using 40 mg «-POM per cm of active
tuba length 1n /;-m od Tefton tubing (1-mm wall thicknass)
Both the o« POM tubes and the purchased paraformatdebyde
tubes were used successfully to generate g dynarmuc atandard of
formaldehyde in ar, 8s judged by excellent correspondence of
weight lesses with responsea ocbtamned by the present samplmg
and analytical procedure ‘The permeation chambar was held at
88 °C for = POM and at 79 °C for pazaformaldehyde Permestion
rabes were 441 ng/min/cm and 96 ng/min;/cm, respectivaly

Preparation of 2,4-DNPH-Coated Silica Gel Very careful
attention must be given to the detaila of this procedure to obtan
& packing of suitable capacty and recovery For example, the
mizture of 2,4-DNPH 11 DMF s unstable and must ba vsed
quickly DIMF 1s used because of 1fa supenar aclvent properties

Sihiea gel, 12 5 g, 15 placed 1 a 100-mL rourst bottom (RB) fask,
followed by 125 mil. of 8 N HCl DMF, 40 mlL, 12 added to 8
S-mL volumetne flask contaimng 50 g 24-DNPH  Thus muxture
1 swirfed 10-15 s, quickly diluted to the mark with additional
DMF, and immediately poured through e glass wool plug n s
funnel inta the flask contaning the silica gel and HCL  The
volumetrte Hask and glass wool are rmaed with an additional 5
oL of DMF, which i3 also added to the RB fask The mixtue
1 allowed ta stand for 30 mun, with oceasional swirhng, befare
wolation by vacuum filteation The cnated silxca gel may be rinsed
spamngly with DMF (2-3 mL) Excessive washing will result m

capacity for formaldehyde It s left on the filter paper
with continued suction for 1-2 rmn and then teansferred quickly
iz 8 100-mL BB Aask 1t 13 dried under veruum at 56 °C for |
b, sath bnef turning every 10 mun  Continuous turning, as on
2 rotary evaporator, was found to grind the partscles too finely
and result 1n unacceptable back pressure tn subsequent air sam-
bhng Much longer drsing times, as avermight, apparently com-
Pl&l:lt!-' remave ressdual DMF and result 1n decreased collection

lency

The straw yellow-colared coated mhica gel 30 obtained i stored
1a & glaas bottle contaiming a stopper of polypropylene or other
Beceptable material Bekelite caps must not be ysed, as they wll
fﬂntammt.e the coating The coatmg normally s atable for at
;ast I month but should be rechecked for quality every week of

Preparation of Sampling Tubes The callsction device 18
Fsl&ﬁatuhe. WemxX4dmmid % LY, od, conteining & 3XH-mg
ront section and 75-1og hack-up section of the coated silica gel
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MINUTES

Figurs t. HPLC chromatogram for Injsction of 4§ ug of form-

aldahyde-2,4-dnitrophenytydrazone (aquivalant 1o 1 08 ppm form.
akishyds In alr, for a 20-L ar samgpla}

U

The eilica gel 18 retained at each end and the two sections are
seperated by small phugs of glasa wool It w9 useful 1o have q small
mdentation 1n the glass tube behund the back-up section to ensurs
the packing 18 held i plece dunng sample collection

Tubes prepared as described here wete foumd to have 2 prezanre
drop of 7 6.1 H;O at & flow rate of 115 mL/min They have a
capaaty of ~123 ug CH,O {5 ppm for a 20-L air sample) before
sigraficant breakthrough cocura, regardless of hurmudity

Air Sampling. Sampling 1o the laboratory was done by
connecting one end of 5 samplmg tube to the “Stream Outlet”
of the Dynacalibrator via a short length of 1/, 1n od Teflen tubung
and the other end to ene of the Du Pont pumps Formeldehyde
loadings were varied by tume of collection with constant per-
meation and flow rates Typically, the output of the permeation
device was set for ~10 ppm and was "sampled™ at 100-200
ml/oun For studies whers & full 20-L or more air sample was
destred hut not ebtamed by this sampling procedure, the make-up
air wan obtained from additionat “sampliog” of zero air supplied
by the Dynacalibrator

For the humudity studies, the addibonal air was humdified
by bubbhng through a seturated solution of potassium sulfate
(88-99% relative hurmidity) 1n an apparatus that was all glass
except for the probe of the humidity monitonng device

Fiald samplea in production facilitiea were obtained uzing the
Du Pont pumps A typical samphng rate was 110 mL/min For
field expermments wnth spiked tubes, the spike was applied to the
tube in the laboratery using the procedure described above

Analysis. The front sectwon of the collection tube, including
the front glaes wool plug, = transferred to a 1<dram wal contaning
20mL acetonitrile The back-up section end the glass wool plug
that separates the two sections are treated simidarly The wials
are gtoppered with polypropyiene caps (nc Bakelite) and ellowed
to stand avermight

For analyms, ~~0 2 mL of the desorbing solution 13 injected iste
the loop filler port to provide flushing and leading of the 50-u1,
mpection valume The system also 1= Aushed with CHZCN between
mpectione  Mobile phase for the analysis 18 65735 {v/v) watez/
acetomtnbe, pamped at 2 0 mL,/min  Typreal chromatograms are
shown 1n Figures 1-3

Quantitation™in this work was done by peak height using &
enhibration curve ganerated from a seres of standards containing
10-400 pg/mlL authentic formaldehyde 24 dinitrophenyl.
hydrazone i acetoratrle (corresponding to ~0 1-4 6 ppm CH,O
m air for a 20-L sample)

RESULTS AND DISCUSSION

Sampling for personnel exposure by trapping the substance
of intereat on a solid sorbent has become a fairly routine
practice (Id) The material 13 desorbed from the sorbent,
either thermally or wath solvent, and subsequently determined

90 by vareus technigues, often specificelly Solid sorbent sam-

ping for personnel exposure 1a much preferable to hqwid
ahsorinng techniques because of potential r1sks to the worker
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20 AUFS
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B O o 2 Nop & & 2 O
HINUTES
Figura 2 HPLC chramatogram for imecton of sample resulting from
collaciicn of 122 up of formalkdehyde (4 36 ppm for a 20-. samplal

on a 2, 4DMPH coatad sllica gel tuba as describad In the Expenmental
sachon

03 LUFS

K Rk o2& s T
MINUTES
Figwa 3 HPLC chromatogrem for a feld sample B! & lecabion where
formakiehyde is usad as a rew materisl The sampla was determined
to rapresant 0 35 ppm formaldehyde W air

posed by glass impingers contaimng various hguids

Unfortunately, the schd sorbent technique 1 often difficult
to do with lnghly reactive molecules The matenal may not
mamtan 1is chemecal integrity dunng sampling or subsequent
storage prior o gnalysis It may oxidize, hydrolyze, polym-
erize, or undergo other transformations 'Wood end Anderson
(7-I0) &craened maeny solid sorbents for sampling form-
gldehyde and found none entirely suitable for formaldehyde
retention at hugh humedity levels Finally, aluming was chosen,
but it could be used for enly a 30-mm samphng period and
had to be desorbed rmmediately to prevent poor recovery

A logical approach for fermaldehyde and other reactive
molecules then 1. to coat the sobid sorbent with same material
which wall erther moderate the reaciivity or else take advantage
of tt and direct 1t toward stabls products which can be readily
desorbed and analyzed, and which are aa specifically indicatrve
of the onpnal substance of nterest as poasible This approach
may alao help wath the problem of low sorbent capacity that
18 ohserved often with small molecules
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Hurley and Ketcham (15 apphed this approach to crolein,
which was sampled with charcosl treated with hydroquinone
Our method (16) for chloroarstyl chlorde 1o air 1 relotet The
aoid chlonde 15 trapped on silica gel and determined by 1on
chromatography a8 s hydrolyms products, monochloroacetats
and chlonde Here the “denvatizing” agent 18 water, which
hae 8 hugh affinty for sithea gel

Kim, Geraci, and Kupel {II} recently reported a sohd
sarbent procedure for formaldehyde which utilizes thie con.
cept. Formaldehyde s sampled on charcoal impregnated sath
an oxidizing agent, proprietary to Barneby-Cheney Co  The
reactive formaldehyde 15 oxidized to the more stable formate
species, which 13 subsequently desorbed and determuned by
1on chromatography Thag 18 a signaficant mmproverment over
previous meihnds, but it 1& not completely speafic for form-
aldehyde, and it may not be readily extrapalata%le to other
aldehydes and certainly not to ketanes

Use of the coated sohd sorbent appraach for formaldehyde
works well in the present case 2.4-Dimitrophenylhydrazme
fives a stable dertvative which may be determined wath good
sensitwity by HPLC

Sampling The key {0 the present work 15 the successful
praparation of 2,4-DNPH-coated sorbent. of smitable capacity,
collectzon effiqency, and demvative recovery  Vanous sorbents,
icluding alumina, molecular sieves, and Ambersorh XE-347,
were investigated before selectmp sthea pel  DMF was selected
ay the best polvent for 2,4-DNPH, although sigmificant
problems with mnstambty of the 24-DNPH-DMF mixture had
to be evercome Approximately 20 experiments were dohe
o define the best sequence and timing of operations  Several
key ponts were 1dentified One of these wag the necessity
of having HCl 1n the preparation, possibly pither to catalyze
the reaction of 2,4-DNPH with CHyO or to activate the sihes
gel surface Coated sohd sorbent prepared without HC gave
resuits 11% lower than those where HCl was used The
relative decrease was cansiant over a 20-fold range of form
aldshyde loadmg, indscating 1t was due to decreased collection
efficiency and not ta decreased capacity More striking wes
the effect of order of addiuon of reagents Sorbent prepared
1t which the 2,4 DNPH was dssolved firgt in HC, ta preforms
the hydrochloride salt, fellowed by DMF, had a 40% decrease
in collection efficiency Thas result 15 not well understood but
may have to do with wetting of the sihica gel The procedure
85 defined 1n the Experimental section has been found ta
reproducibly give coated silica gel with a good collection ef-
ficiency, capacity for ~5 ppm formaldehyde (for a 20-L aur
sample}, and derivatve recovery greater than $0%  However,
every batch of coated ailea gel should be checked in the
laboratory to ensure quality befere its use for field samphing

The chmce of acetonitrile for desorbing solvent gives good
recovary of the formaldehyde denvative and 18 lnghly com
paiible with the mobile phase 1» the sobsequent HPLC
analysis

Analysis Several reports {5, 17, 18} have appeared pro
vieusly on hugh performance liquid chromatography of 2,4-
diutrophenylhydrazenes, including one (6) specifically for
determiming aldehydes 1 air wsing Impingers containing
2,4-DNPH Detection was by UV at 254, 336, or 30 nm

In our hands, the chramatography was straghtforward At
the levels of mterest. we encountered siguficant background
Problems at 254 nim  Theass were not present at 340 no

A tymcal chromatogram for authentic formaldehyde 24-
dintrophenylhydrazane s shown m Figore | The neture of
the amall shoulder on the back sede of the hydrazone 1s not
known, but 1 was reproducible and also was pbaerved m
samples from the trapping of laboratory-genersted standard
formaldehyde or field samples with the 2, 4-DNPH-coated
siltea gel tubes (Figures 2 and 3)  That it 18 ohserved with



feble I Hesulta for Validation of Formaldehyde Method
CH,OQ ar CH,D

concn faund, Fa
ppm? ppm? recnvery RSD*
¢ oo 048 RY ¢ 4001
044 042 96 0042
14 100 7 0034
204 189 93 0 049
373 361 96 0 040

@ Baged on a 20-L air sample. Amount pased on weight
Inss of permeation tube and time of collection at con-
alant rate 9 Average of six samples  Mepsurements
sare lested for outhers by Grubbs’ test (19, 20) at the
99% conhidenoce level © Pooling of the mdwidual REDR
givee the result of O 037 with a x? value from Bartlatt’a
test (19, 213 of 49 50 Omuilang the RSD at the 0 09-
ppm level results in a pooled RED of 0 041, with x* of
1 62 (enbical values for x* et the 0 01 leve] are 13 28 for
faur degrees of freedom and 11 34 for threa degrees of
[reedom )

authentic hydrazone mdicates 1t 18 not related to the 2.4-
DNPH-DMF inatebihty problem Its relative retention
changea depending on the particular HPLEC column used A
Waters Associates p-Bondapak Cyg column waa found to give
a single sharp peak with ne shoulder Use of a Zorhax ODS
eolumn (Du Pont) resulted 1n a smail shoulder on the front
ude of the main peak

A small background peak, equivalent to ~0 08 ppm CH.0
for a 20-L awr semple, was reutinely present in “blank *samples
prepared in the lnboratory  Ome source of confamination that
was oboetved and should be avorded 15 Balielite bottle caps
Bakelite, of course, 15 B polymer prepared from formaldehyde
and phenol  Apparently enough free formaldehyde 18 avalable
to cause a low lavel background

Validation The method was lehoratory vahdated by
generating s1x samples at each of five levels, equivplent to
(11-3 8 ppm formaldehyde for a 2L air sample The resulis
are summanzed i Table I Average recovery was 84%  The
pooled coefficient of vanation, or relattve standard deviatian,
was 004 Precismon at the lowest level 16 probably artificially
good due to the inadequacy of the peak height measurement
at this level A linear regresston of formaldehyde expected
v found showed exeallent correlation, with a alope of 095
and an wntercept of -0 01 ppm

The back-up sections of all vahdation samples were analyzed
dlsc No breakthrough was obsarved

Humidity Studies. For uncoated solid sorbents, where
the collection 18 clearly by an adsorption process, increased
hum:dity generally results m an merease in breskthrough For
lormaldehyde partcularly (7-10), this waz noted to be a
significant problem Possible hurmdity effects in the present
case were studied by examining beth breakthrough and re-
tovery of formaldehyde spikes on 2,4-DNPH-coated mbea gel
tubes that were used to “sample” 20 L of mr at %6-99%
reletive humidity

The spike 1n all cases wes equivalent to 4 ppm formaldebyde
and was gpphed by the permeation dewice erther before any
& was sampled or after & of the 20 L had been sampled The
iatter cane allowed the sorbent 1o be somewhat preconditioned
to any potentwl effects of the hugh humidity

No breakthrough into hack-up sections was oheerved, and
tecoverses of formaldehyde or the derivative, sither mme-
ditely after sampling or after five days’ storage, were within
:;E statastical limits of the validatson results, with no epparent

a3

Storage Effects. Often 1t 1s not practical to analyze or
tven to descrl a sample for several days, partscularly if the
@mple 15 bemg shipped off-site for analyas In some cages

-
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this results in sigmificant sample loga or, particularly in the
case of volatile compeunds, aignificant migration of sample
to the back-up section, resulting in a false indication of
breakthrongh

In the present case, storage studies mdicated that samples
ghanld be desorbed within 1-2 days for maxenum recoverias
Loases up to 30% cab occur after 5 days  The resulting de-
sorbed mixtures are stable for some time Recovery of form-
aldehyde wes unchanged for up o 20 days for refrigerated
desorbed solution from whuch the glass wool and sihica gel were
removed after one day and for at least mne days 1f the glasa
wool gnd silica pel were not removed

Fieild Tests, The performance of this method was evalu-
ated in several tegts at three industral kocations where form-
aldehyde 13 used a8 a raw material 1o two widely different
processes and where a great diverssty of other chemical pro-
cesaes Are 10 operation nearby Appromimetely 75 samples
were taken No sampling or analytical prolilema were ob-
served No breakthrough into a back-up aectson was found
The largest loading was 108 ug formaldehyde, obtaned over
a penod of 30 b at 113 mL/mun (ambent temperature, ~32
2, relative humidity, 53%)

Some additional field results are discussed i the next
section

Comparigon to Chromotropic Acid Procedure The
most widely used procedure for formeldehyde 1n air 38 col-
lection of sample 1o an smpinger of water and subsequent
spectrophotometne determmation using the chromotropic acid
provedure (12) In addition to the vsoal disedventages of
impmnging methods, the chramotrapic acwd procedure has long
been recogruzed to be subject to many interferences  We
compared the new cvated sohd sorbent procedure with the
chromotropic aoid method and found that. the new procedure
gives lugher resulis both i the lahoratory and 1 the field
Furthermore, the sohd sorbent result appears to be the
“eorrect” answer

In the laboratory, water-contaiming mmpingers were used 1o
collect standard formaldehyde vapor from the permeation
device Subsequent determinatiob was done with chroma-
tropic acid, with calibration based on formalin selution whose
concentration had been determined by tittation with 1oding
These resulta often were 15-30% lower than those from
comparable samples using the 2,4-DNPH-coated silica gel
tubes, with cahibration based on authentic hydrazone denv-
ative The hydrazone results agreed exactly with caloulated
results based on weight Joss from the permeation tube As
an additional eross-check, the formalin sclution also was de-
termined using 2,4-JNFPH and HPLC ‘This result and the
1odine titration result were 1dentical

The lowar results with the impingers are not due to poor
collection efficiency or to sarnple stahity, since formaldehyde
levels did not decrease when up to 55 L of pir were passed
through the ayaterm over 3 h at temperatures up to 49 *C

The discrepancy between the twe methods was checked
further in the field {ests Results from the chromotropie amd
procedure were 27-28% lower than those from the coated
milica sorbent methoed

The reaults from one field study are shown n Table [1
Four solid sorbent tubes and four impinger asasmhlies were
set at the same sampling location  The varous devices were
within a few inches of each other but the sampling mleta were
not in Intiate contact. The mean of the solid sorbent resulta
was 2 2 ppm, with a standard deviation of 0 3 ppm  The mean
of the impnnger results was 1 6 ppm, with a stendard deviation
of 02ppm  An unpured T test showed that these results were

92 statisticatly different at the 95% confidence level

The resulis of another field test using both spiked and
nonapiked solid sorbent tubes and impmngers are shown m
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Table I Results of Parallel Field Tests Unng
2,4-DNPH-Coated Sihicn Gel® and Water Impingera?

formaldehyde found, ppm

rephicate
no from eoated gel from 1mpinger
L 24 17
2 19 148
3 19 14
4 24 _ 14
X-22,a0=03 X=18,0=02

2 Samples analyzed by the HPLC method descrnbed in
the Expenmental section D Semples analyzed by the
chromotrapic acid procedure (12}

Table Il Kesults of Field Tests Using Both Spiked and
Unapiked Collection Devices
mmlpent
CH,O
concn
totel  (total
no of CHO CH,0 nunus
samr spiked, found, spmiked)
sample type ples ppm  ppm  ppm
coated silica gel 3 Q88 178 290
aoated siliea gel 3 a0 081 D 87
Linpinger 3 075 140 Qa5
impinger 3 00 J 66 0 &6

Table II1  In this test, the spking amount was fortutowsly
almosat 1dentical to the ambient [ormeldehyde concentration
observed Good spike recovery was ohserved The mmpinger
results were 29% lawer than in the solid sorbent results

After corpletion of this work a similar methed, using GC
analvais and XAD-2 remin conted with 2,4-dmitrophenyl-
hydrazine, wag reperted (22
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the hydrazone shoulder on differeny HPLC columns
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Formalderyde Sawplaing Procedures

1}

2;

7}

The samplinc tubes should be placed in a vertical position during sampling
to minamize possible channeling through the tubes.

The tubes labelled "Blank" and "Spiked Blank" should he placed, with end
caps on. it the area sampling 1s taking place. These tubes are for guality

control purposes.

Two tubes, one "Spaiked” and one wnstiked, should be used to sample tne
area simaltanszcusly under the same conditaons.

Tne unspiked tuoe sarpled along side the "spaked" tube an Step %3 snculd
e properly dentirfaied, .

R "Slark" tupoe and "Spike" tube a5 in Steps 2 and 43 should be used eacr
sarpling day ir the manner previously described.

Flease keep tne =ampling tubes refrigerated when not in use to enhance tne
stability of tne packing. o

Tne packing materlial in the sampling tubes 15 stable for two weeks only
Therefore, Prorpt sampling and analysis 1s aimportant.

LR

r
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A

Methyl Alcohol

Analvte- Methyl Alcohel Methned Ra. §39

Marrilx Aly Renge  140-540 ~g/cu
OSKEA Standard 200 ppm (260 wg/cu m) Precision {Cﬁ;). W ANET]
Procecure Adsorption onm silica gel, Valigetien Date 1/17/75

desorptilion with water,
GC

Prirciple of the Method

1.1 & knowth volume of =ir is drawn through & silica gel tube to trep
the organlc vapors present.

1.2 The silica gel in the tube is transferred to a smeil, stoppered
szmple container and the analyte is descrbec with water,

1.3 4An aliquot of the descrbea sample 1s injectee into a ges
chromatograph.

1 & Tne srea of the resulting pezk 1= determired end corcarec «1ts
zreas obtained fron the 1njecilon of stancares.

Fznpe £nd Sensitivaty

2.1 Tris method was valicated over the rarge of 140-340 mgrouw ~
&t an armospheric teoperature ana pressure of 23 C anc 745 oo
Yg, vsing s nomipal 5-l:iter sample. Uncer the conditlons ol
szmple size (5 liters) the provable rarge of this method as
25=900 mgfeu m at & detecror sensitivity that gaves pmearly Juil
deflection on the strip chart recorder for z A-mg satple.
The methed is capable of measuring much staller amounts 1 the
ceserptien efficiency 15 adequate. Desorption efficiency must
be determined ¢ver the range used.

=3
253

The wpper limit of tpe rarge of the metnod 1s cevencert om ine
aascerptive capacity of che salisa gel tuce  Thle QEpaclity L aries
vith the coneentration or the analvte ane ct=er substarmces oin

t1e 2ir. The first section of the silica pel tube wezs fov~-

to hold 5.6 mg of the asalvte when a test atmesphere of 540
refecu m of the analvte 1o dry air was sarpled &t 0.0 liters per
minute for 52 minutes. ®Breskthrough occurred at tris Tine,

a5



i.e
that’iﬁ the influent., (The silica gel tube consists of twn

sections of silica gel seperated by & section of urethane fpam.
See Section 6.2,) If & particular atmosphere is suspected of

containirg & large amcunt pf contaminant, & smaller sampling
volume should be taken.

Interference

3.1 When the amount of-water in the air is so great that condensa~

tion aetually occurs in the tube, organic vapors will not be
trapped efficiently.

3.2 When two or more compounds are known or suspected to be present
in the air, such informatior, idcluding their suspected identi-

ties, should he transmitted with the sample.

3.3 Tt must be emphasized that any compound which has cthe same re-
tentlen time as the specific compound under study at the cperating
conditions described in this method 1s an interference., Retention
rime data on a single column cannot bhe considered as proof cf

chemical identity.

3.4 If the possibility of interference exists, separation condi-
tions (column packing, temperature, etc.) must be changed to
circumvent the problem,

Precisicn and Accuracy

4 1 Thne Ceeificient of Variaticn (CV.) fer the total analvtical and
sampling method in the renge of 140 o 500 mg/ee m was 0,063,
valve correspands to a stzndard deviation of 1€.5 mg/cu m at the
O3BA srancard level. Sratistical inforzation avd details of the

valioation and experimentzl test procedaures car be found in
Reference 11.2.

5,2 The average values obtzinec using the overall sampling and

analytical method were B8.9% lower thar the "true' wvalue at the

OSHA standard leval,

4.3 The zbove cata are besed on validaticn experiments using the
internal stansard method. (Reference 11.2)

Advantapes gnd Nigadvantapges of the Method

31 The sampling dewvice is smzll, portable, and involves ne liquics.
Intevferences are minimal, and most of these whach ao occur can

be eliminatec by altering chromatogravhic cenditicns. The

tubes are anslyzed bv means of a quick, iInstrumental methec.
The methoa can alse be used for the simultaneous analvsis of
or more compounds suspectes to be present In the same sarple

simplv changing ges chrematographac conditions from isothermal to

4 Temperature-programmed mode of operation,

96
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Ome disadvantage of the method is that the amount of samsle whach

5.2 .
can be taken is limitea by the tumber of mzlligrars thet the
sube will hold before overloading. When tne sample value obtainec
for the backup sectilon of the silica gal tube exceeds 25% of that
found on the front section, the possibility eof sarple loss exists.

5.7 Furthermere, the precision of the mettod 1s limited by rhe re-
sroducibility of the pressure drop across the tupes Tnls drop
will affect the flow rate and cause the volume to pe iroredlse,
becavse the pump 15 usually cslibrated for one tube orl-

Ancaratas

.1 4 calinrated =ersenal sardling purp vwose 1o few be deterrinec
sccuratelv (=571 2+ the recorreraea flov rate. S-Yere~ze 11,2}

£.2 Silice gel tubes glass tube with poth encs lave sce_ec, — oo
long with a2 é-mr 0.D. and 2 4-rm I.P., contgi=zng . =-ofioms
¢f 20740 mesh s-lica gel severated pr oa 2--r mUTIIoo Cf LTETRENIE
foam The ghsorbing section conteins 100 mg of sx__cz el
tne backuyn section 50 mg. A 3-#m portiem of wret-z-g fere
ic viaced between the outler e~a of the tube arc f-e zec .2~
section. & plug of silylated glass wool Is plac.c ar Zzxont cf
the absorbing gection. The pressure drop across tne Tupe -ugt
be less than one inch of mercury at a flov Tate 72 1 loter per
minute.

€ 3 Gas chromatograph equippec - itr 2z flame ionizatic~ cetecter.

t.4 Column (10-ft x 1/8«~in. stainless steel) packec w1:n 107 FFAP on
B0/3100 Chromaosorh W-AW.

£ 5 An elecireric irtegrater or some other suitable —ez-cc Sor deter-
Tining teall S12€ Areas.

£ % Two-plll:lirer glass sarvle centarrers LIn ZLesf sicopers of
Teilor ~lined caps If an zvsorte-1c $&ncle 1njésicr i1s useg, tne
sanple injector vials can be usec

& 7 Mieroliter syrinpges* 10-.I1, a1g other convenlent sizes for making
standaras.

6 & Pipets 1.0-ml delivery type

6.3 Volumetric flasks 10 -1 or conver:ert sizes for malirg
grandard solutions.

Reagents

7.1 Flyent: Distilled water
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7.2 Methvl Alcohel (resgent grade).

7.3 Purified nitrogen.

7.4 Prepurified hydrogen.

7.5 TFiltered compressed alr.

Procedure

B.1l Cieaning of Equipment. All glassware used feor the laboeratory
analvsis should be dererpent washed gnd thoroughly rinsed with
tap water anc distllled water.

8.2 Calibraticn of Personal Pures Tach persemzl pump mast be cell-
brated with 2 representstive si1licz gel tube 1n tne line This
will minimize errors associated with uncertaintles in the sample
valune collected.

8.3 Cellection and Shipping of Sanples

5.3.1

g.3.2

B.3.3

.3.4

B 3.3

8!3.6

8}3-?

Immediately before sampling, break the ends of the tube
to provide an cpening &t least one~helf the internal
diameter of the tube (2 mm).

The smaller seetion of silica gel 1s used as a bach-up
and should be positiecmed nearest the satoling pump.

The silica gel tube should be placed in & vertical directior
curing sampling to minimize channeling threough the
ailica gel.

iv beine sampled s%o.ld not be pagsed througn anv hose
v tubing before e~tering the silice pgel tube.

& —gximum sample size of 5 liters Is recommencec.
Sgmple at g flon of 0,20 liters per manhute or less
Tne flow rate sho.ld pe known With an accaracy cf at
least =57,

The temperature eni pressure of the atmosphere being
sampled should be recerded. If the pressuvre readirg is
rot available the elevetiecn sheould be recorded

The silica gel tubes sheuld be cepomed wizn the susoliec

plastic caps immed:ately after samplirg. Tnaer no
circamstances snou.c rucber caps be used.

o8
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2.4

E.3.8 One tube should be hanaled in the szme manner as the
szwple tube (preak, sezl, and transport), extept that
no axr is sampled through thas tube. This tube shoula
be labeled as a blank.

1]
Laa

.% Caprea tubes shoulc be wackea tightlv and paddes defore
thev are shipped to minimize tube breahage during shipping.

B.3.10 A sarple of tne suspected rcompound should be submitted
to the laboratorv in glass centalners with Teflon -lined
Caps These liquié Bulk samples shouléd nct se trans-
ported 1n tne same contalher as the silica gel tubes.

»

Analvsis of Samples

£.4.1 Precaration of Sarples. In preperation for analwvsis,
each =1lica pel) tube is secored with 2 file 1~ front of
the first sectren cof silica gel and broxen open. The
glass wool is repcven and discarded. Tre siliga gel -
tne first {larger} section is transferrec to z 2-rl
stoptered sample container of AULOMAtic S2Mple 1NJECLoT
wlal. The separating section of foam 1s reroved and

iscarded; the second sectipn 1s transferrea to anether

sample container or vizl., These two sections are

anelyzed separatelr.

BE.4.2 Descrption of Samples. Prior to analvsis, 1.0 ml of
distilled water is pinetted inte each sarple container.
Desorption should be done for & hours. Tests indicate
thet “his is adequare if the sample is agitated
cteasionally during this periped. The sezple vials
should be cepped as scon as the water is added to
rinirize evaporation.

B.4 3 CFf Conditions. Tre tvpical operatirg corditipns fer tne
pac chrematopraph are

1 30 rl/man {E7 psig) nitrogen carrier gee flow

2. 30 vi/min {50 osip) vwdrogen gas Sle. itc cetector
3 300 ml/min (3( m»s1e} air flow to detectey

4, 200 € injector teroerature.

5. 300 € manifelc termerature {detector)

€. 80 C colur— te~perat.re.
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B.b.4

£.4.5

Injecrien. The first step in the analysis Is the in-
jectien of the sample inte the gas chromatogragh. To
elivinate difficulties arising from blew back ox dis-
tillatien within the syringe needle, one should employ
the sclvent flush injection technique. The 10-pl
syrirge ie first flushed with solvent several times to
wet the barrel and plunger. Three microliters cof selvent
are drawm into the syringe to increase the accoracy an
revroducibllity of the injected sample volume., Tre
neadle 1s removed from the splvent, and the plunger 1s
pulled back about " 2 11 to separate the solvert flush
fror the sample with z packet of air to be usec as e
marker. The needle is then iomersed in the samplie, and
g 5-11 aliquet is vithdrawn, taking into consiferaztien
the volume of the neecle, since the gample in the needle
will be completely inmjected. After the needle 15 re-
moved froer the sample anc prior to injection, tne
plunger is pulled back 1.2 ul to minimize eveporatior of
the sample from the tip of the needle. Observe that

the sarple secupies 4.9-5.0 ul in the barrel of the
syringe. Duplicate injections of each sample and
standatd should be made. No more than a 3% Jifference
in area 1is to be expected.

)]

An automatic sample injector can be used if it ie showm "
to give reproducibility at least as goad as tne solvent g
flueh technique.

Measurement of area. The arez of the sample peakh is
measured py an electronic ingegreter or sone CiTeY
suitakle form of area mezsurerent, and prelimirary re-
sults are rean from a standard curve prepared as dis-
tusse: below (see Section 9).

Determineticon cf Desorption Efficiency

g§.5.1

8 5.2

Imporzance of determination. The desorption efficiency
of 2 particular compound can varv from one laboratery
to anotheY and =lse from one bateh of silica gel to
another Thus, It 15 necessary to determine a2t least
ence the percentage of the specific compound tnet is
removed in the descrption process.

Procecure for determinang cesorpticn efficlercy. Silica
gel eculvalent to the smovnt 1 the £irst section of
the szmpling tybe (100 rmg) is measvred iprtc a 2.0-rl
sarple container. This silica gel must be tne same

J
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tvoe as that ufel 1n echteaarang the sarmples and can

ke phtainec fror unvsed silica gel tubes. A loown amount
of tne emalvte s injected clrectly irto the silacz gel
vith & 20-_1 svringe, and tre containmer is capoen, The
amount iriectes 1s eguivelert to tnar present In g 3-
liter samvle et tie selectec level.

At leest si; tubes 2t each of tnree levels (0 5¥, 1i, and
2% trhe stancaréd are preparec ir thnls menner znd allowed
to stenc for at least pvermient tc assure complete 2080TP-
tier of the analvie onto the silzee gel. These siv tubes
are referred to zs the samples. 4 nazz2llel blamu tube
sqould ke trezied in the sare nanner excent frhat ne sanple
is asced o i+t The garple anc planh tubes are descrred
and anzlwvzal ir e-actly the sare nenner as the sampling
tube descriped 1n Sectacn 8.5,

The welght oF analyte founc air escn tuce .5 cetermined
from the stancarz gurve (Sectiom §). Desermrticn efficiency
is deterri-ec »v the folloving eguztion®

dverage Weip-t [=c) recavered
Weignt (rg) acded

D.E.

Tha deserotion efficienc: 1s dependent on the arount of
analyvte colleciec on the silica gel. Plot the desorprion
effaclency —ersus twe weight of zralvee found  Tnis
curve 1s used in Section 10.4 to ecorrect for acsevptics
lusses,

Cazlisretior and Stancaros

Tt -f ocomierlent o ENPIEEE LOTCETLTEIIO- of signderes - otervs of
me/~o ef eluert. A serize of stgroarcs, TAY Inp 1™ S&RCETTTET_OT CieT
vre rarge 2% 1mteresT, e prgorrac BMLC ET&l €6 WTCET TOE €E~0 L.
CCYIZIicTs @nf CLIALE T'& £8™¢ Tiv™e PETICS IE 172 .= .00 5&~7T.23

-t ee zave egiatlistec T pletting gemeeriroticm: i oTpf-l Lersas

nzats seillotricms eno le Ye analvzec at
tre sa—7_ & gnalvsis Is ¢comg. Thie wall —znimaize tre ef
cf TID resvorse.

n
t
1]
s )

T
]
4]

Calevuizsicns

bl = = ey - - - - -—— - - - -
10 - Resz the weie~ts, 1~ Y5, COTYESTOTILTE LD BECT TE2W AYES J&EFEC
TITil inm gage ¢l the .mriermal starcare —etaosc) fTom Lo
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1DI2

10.3

10.4

10.5

10.6

standard curve. No volume corrections are needed, because
the stzndard curve is bassd on mgfml eluent and the volume of
sample injected 1g identical to the volume of the standards
fnjected,

A

Corrections for the blank must be made for each sample,
rg = nwg sample - mg blank

where-

mg sample = mg found in fromt section of sample tube

mg blank = mg found in front section of blank tube

A sdmilar procedure 15 foliowed for the backup sectione.

Adé the weighi{s present in the front anc backup sections of the
same sarple tube to deternine the total weight 1n the saple

Head the desorptiop efficiency from the curve {Secticn B.5.2)
for the amount of analyte found in the front section. Davide
the total weight by this desorption efficiency to obtain the
corrected mg/sample.
|
Totsl Meight "
D.E.

Corrected mg/sample =

The cencertratien of znelyte in the alr sampled can be expressed "
in g per cu m, which 15 numerically equal to pg wer liter of
alr

_ Corrected mp {(Sectdon 10.4) x 100 (literfeu m)
Arr "clume Szmpled (izter)

ng/eu m

Anotner wethod of erpressing concentration s ppn

24,55 N 760 T + 273

PE™ = mpfoum % e 5 X 753
where
P = pressure (mm Hg) of air sampled
T = temperature (') ¢f air sampled
24.45 = molar volume (1iter/mole) at 25 C and 760 me Hg
MW = oclecular weight (g/mole) of analyte
760 = standard pressure (mm Hg)
298 = gtandard temperature (X)
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