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adjusted volume

Area sample

BDL

breakthrough

BEH

catch basin

CIB

consecutive sampling
periods

controlled exposure

CTa

dike

GLOSSARY OF TERMS

the volume of the sample corrected to
standard temperature and pressure

an air sample taken from a fixed location
to estimate a contaminant concentratien
generally found within a limited leocale

below the detection limit

the possible overloading of a sample with
contaminant, resulting in the possibil-
ity of sample loss, reported when con-
taminant mass in the back section of a
sample tube i1s greater than 25% of that
found 1in the front section

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

a receptable designed to catch excess
sample when withdrawing a process sam-
ple to reduce the potential of liguid
coentaminant from contaminating a pro-
cess sample area

certified aindustrial hyglenist

the combination of two or more successive
lengths of sampling time resulting from
two or more respective alr samples

a contaminant exposure that i1s regulated
by engineerinyg, adminlstrative, or work
practice controls Normally indicates
an exposure egual to or below accepted
QSHA standards.

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

an embankment or wall to controel potential
lagquid spills

V1illi



double mechanical

seal

engineering
controls

EFA

EXpOsUre

face velocity

formalain
fpm

cc

gpm

GTI

HCHO

IH

L

long-term exposure

long~-term sample

long~term task

MeQH

min

GLOSSARY OF TERMS (cantinued)

a multaiple seal arrangement that usegs
two single mechanical seals oriented
back-to=-back with a fluid filled space
between them

the physical mcdification of a process
or eguipment used to reduce or prevent
the release of contaminants into the
plant area

Environmental Frotecticon Agency

resplratory, eye, or sSkin contact with a
contaminant

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

formaldehyde sclution

feet per minute

gas chromatograph

gallons per minute

GEOMET Technclcgies, Inc., Rockville, MD
chemical formula for formaldehyde
industrial hygiene

liter

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

colliection of contamiant occurring during
a long-term task

an cperatlion or worker activity that re-
quires an extended period of time to
conplaete, usually a full work shift
symbel used for methanol

minute

1X




GLOSSARY OF TERMS {contipued)

mL

MO

NA

NIOSH

nonexdcessive cXposurc

OSHA

OSHA HCHD STEL

OSHA HCHO TWA PEL

OSHA MeOH TWA PEL

packed seal

PEL

personal sample

millilitexr
methanol oxidation
Monsanto Research Corporation, Dayton, 0OH

not analyzed due to uncontrolled
clrcumstances

not detected; no i1ndication of compound
found during analysis

National Institute for Occupational Safety
and Health

contact with contaminant that deoes not
exceed the OSHA regulation

Occupaticonal Safety and Health Act

the concentration of HCHO which should
not be exceeded even 1instantaneously,
which 18 5 ppm

the time-welghted averade concentration
of formaldehyde which should not be
exceeded in an 8-hour work shift of a
40-hour work week - limit 1s 3 ppm

the time-weighted awverage amount of
methanol which should not be exceeded
in an 8-hour work shaift of a 40-hour
work week - limit 1s 200 ppm

an enginsering control used to control
emlsslions from nmonstaticnary equipment
parts. Normally consists of material
within a packing gland that seals po-
tential leaks when compressed

permissible exposure limit; the time-
weighted average concentration to which
nearly all workers may be repeatedly
exposed, day after day. without ad-
verse effect

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



CLOSSARY OF TERMSE {(continued)

PIHS

bpe

ppn
short-term exposure

short-term sample

short-term task

single mechanical seal

source sample

standard condaitions

STEL

preliminary industrial hygiene survey, an
in-plant survey ceonducted 1n order to
gain appreoximate informaticon on worker
exposure, work practices, engineering
controls, process flow, and the plant
safety and health program

personal protective equipment; eguipment
worn by a worker, as a respirator, used
to prevent potential worker over-
exposure to a contaminant

parts per million

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

collection of contaminant during a short-
term task

an cperation or specific worker actaivaty,
the duratien of which 1s part of a full
work shift. The duration of the task
normally ranges from 10 minutes to
2 hours.

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

an air sample taken at a fixed location
within an artificially isclated area of
an engineering control device. Used to
estimate the expected release rate from
that device.

temperature and pressure conditions to
which the wvolume of all samples 1s
adjusted so as to allow sample con-
centration comparison. <Conditions used
were 20°C (68°F) and 760 mmHg (29.92
in. Hg)

short term exposure limit; a short term

concentration limit set for contaminant
eXposure

X1l



GLOSSARY OF TERMS (continued)

time-weighted average, the average con-
centration of a sample or a set cof con-
secutive samples, weighted by the time
sampled

walk through survey a preliminary i1ndustrial hyglene survey
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1. INTRCDUCTION

The following detalled industrial hygiene siurvey report describes
a five-day survey conducted at the Celanese Chemical Company, Inc.,
formaldehyde production plant located near Bishop, Texas. Thas
plant uses a metallic gilver catalyst to convert methanel to for-
maldehyde at a rated capacity of approximately 1,500 miliion
pounds of formaldehyde per year. The piant was selected for
detailed study based on its good and unigue engineering contrcls
and abilitvy to control worker exposure to formaldehyde and
methanol.

1.1 PLANT FPEREONNEL CONTACTED

The plant survey described in this report was carried out by

Glen Barrett {(Geomet Technologiesg) CIH, William McKinnhery, Jr ,
(NIQSH) FP.E., CIH, and David Dunn, Mark Johnson, and Leroy Holmes
(Monsanto Research Corporat:ion) on Qcteober 11-15, 1982. Ferson-
nel contacted during the visit were William Meyer, Safety, Health,
and Environmental Manager; Mark Stenzel, Corpeorate Industrial
Hygienist, Gary Ille, plant Industrial Hygienist; Chuck Garvy,
Chemist; and Jeann Clenister, Chemist. Other plant management
personnel were involved i1n short meetings discussing this project
but were not significantly involved in the survey. Eleven workers
were sampled for formaldehyde and/or methanol during the survey.
The Celanese personnel listed above observed and conducted side-

by-side sampling during the survey.



1.2 SUMMARY OF ACTIVITY

The survey team met with plant management personnel on Monday,
October 11, to discuss the purpose of the survey, desired results,
activities to achieve these results, and the report that would
result from this survey. Arrangements for cooperation with the
survey team were made at the meeting. A& second short meeting
with the technical personnel was held to organize the activities
and the side-by-si1de sampling.

The survey team set up a base of operations in the main labora=-
tory for the plant. Sampling was started by mid-day on Monday,
and continued through 3:00 p.m., on Fraiday, Oc¢teber 15 (four day
shafts, four second shifts). No sampling was conducted during the
third shift due tc logistics and similarity of process operation
on all shifts.

Personal exposure samples for formaldehyde and/or methanol were
taken by sampling four operators, two loader operaters, cne blend-
1ng operator, and four maintenance personnel. Long=-term {over one
hour) personal samples were taken to evaluate the general worker
exposure. Short-term (less than one hour) samples were taken to
evaluate specific operations the worker conducted on a regular
basis. Area samples were taken to determine the potential
exposure of a worker in an area and to generally evaluate formal-
dehyde and methanol concentrations in the production and storage
areas Source samples were taken to evaluate the contribution of
specific eqgquipment to the overall area concentrations and to
evaluate the control achieved by the control eguipment.

Unfortunately, the quality assurance checks on the formal-
dehyde samples indicated that these results were unreliable.
Bence, all of the formaldehyde results were discarded.



Table 1 shows the total number and types of sampling conducted
for methanol during the five-day survey.

TABLE 1. METHANCL SAMPLES CCLLECTED DURING IH SURVEY AT
CELANESE CHEMICAL CgMPANY, INC., BISHOF, TX,
OCTOBER 11-15, 1982,

Number of
methanol
TVpe samples
Personal 9
Area 149
Source 7
Total 35

aDoes nat rnclude
blanks and spikes
taken for QA/QC.

Observations of operator procedures and activities were alsoc made
during the survey. Control and process equipment were noted and
discussed with the engineering and maintepance personnel. Pic-
tures were taken of many operater actiaivities and ecquipment used.

A closing conference was held with the plant management staff to
discuss the future use of the data collected and to thank the
plant for i1ts cooperation.



2. BACKGROUND

2.1 GENERAL

The National Institute for Occupational Safety and Health (NIQSH)

and the U,S5. Environmental Protection Agency (EPA) have entered 1in-
to an Interagency Agreement to perform a study that will determine
the levels of pollutants to which workers in the formaldehyde pro=-
duction industry are expesed and that will evaluate the effective=-

ness of control technologies currently used to minimize exposures.

EPA contracted with Monsanto Research Corporation {(MRC) to perform
the study on the formaldehyde production industry, under EPA Con-
tract No. 68-03-3025, entitled "Technical and Engineering Services."
MRC was assisted in the study by perscnnel from GEOMET Technelogies,
Inc., (GTI1).

2.2 OBJECTIVES OF THE INDUSTRIAL HYGIENE/CONTROL TECHNOLOGY
ASSESSMENT (IH/CTA) STUDY

The objectives of the IH/CTA study are to:

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

b. evaluate the affectiveness of industrial hygiene contrel
programs to control these potential hazards,



¢. identify potential hazards to workers,

d. evaluate these potential hazards for the effects on workers,

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

f. assist the transfer of control technology i1nter- and
intra-industry, and

g. 1dentify processes for which engineering controls are not
avallable or are ineffective, where further research and
develcocpment are needed, and to i1ndicate priorities for
application of control technology.

The study 1s divided inte two phases; preliminary surveys and
detailed surveys.

As part of this project, preliminary industrial hygiene surveys
{FIHS) were conducted at 11 plants, representing a cross-section
of formaldehyde preoducticn facilities. Control eguipment and
warker practices were discussed and observed and walk-through
surveys were conducted at each plant. Potential exposures to
hazardous agents and technologies used te control those agents
were 1dentified. Reports were prepared on the findings from
these surveys.

Four plants were selected from the eleven for detailed rndustrial
hygiene surveys based on the preliminary survey findings. The
detarled industrial hygiene surveys included the following actlve
ities:

+ abservation of operator work practices,

- gquantitative perscnal sanpling,



« evaluation of engineering contrel technidques, monltoring
devices, and personal protective equipment used by the
industry to reduce eXposures, and

+ preparation of a detailed plant visit report for each of the
four surveys, detailing worker practices and evaluating the
engineering controls used by the plant; this report 1s cne
of these four reports.

-y



3 DESCRIFPTION OF THE PLANT

The Celanese Chemical plant 1s located in a rural area of Texas,
approximately two miles from Bishop. The plant, originally built
in 1945, 1s located on & site of approxaimately 1,300 acres and
produces an assortment of chemicals and plastics. The formalde=-
hyde production facilities, which are part of the chemical plant,
gperate ceontinuously and have a total annual capacity (1980) of
1,500 x 10°% 1b/yr of 27 percent formaldehvde solution. Formalde-
hyde 1s used captively or so0ld as formalin and shipped by truck

or rail.

Four methanol ecxidation (MO) units are used to produce formalde-
hvyde. These units are not enclosed due to the mild climate
throughout the year. Open ailr construction provides for good
natural ventilation and control of air contaminants through
dilution. Each methanel oxidation unit has a separate, enclosed
control room equipped with a small laboratory for process sample
analysis. The first formaldehyde production unit was built in
1962, two more in 1969, and the fourth has recently been brought
on line.

The plant work force i1s nonunicnized and operates by using four
shifts. The formaldehyde preduction werk forece consists of four
shift supervisors with four cperators per shift (one per MO unit
per shift)}; one extra operator fills in where needed cver all four
shifts. Personnel involved with the MO units tetal 21. In adda-
tion, there are nine loader operators to load tank trucks and cars
fcr the entire plant. These employees load all products, includ-
ing formalin. The plant also employs 120 maintenance workers that

work during the day shaft throughout the plant.



The production operators are responsible for operating a sinhgle
MO unit and moniteoring the unit for possible problems. Thear
duties includes minoer maintenance, process sampling and analysas,
and spi1ll control and cleanup. Operators are also responsible

for reporting majer mechanical problems to maintenance.

Figure 1 15 a rough schematic of the plant area surveved The

survey was limited to a single MO unit {MO-2) and the plant stor-
age and loading areas.

y
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4, PROCESS DESCRIPTION

Figure 2 presents a typlcal process schematic of a formaldehyde
preduction unit. Methanol 1s received from a methanol synthesis
unit and held i1n storage tanks. The methaneol i1s transferred from
a storage tank, through a filter and a preheater (heat recovery
unit), and then to a wvaporizer., Air is sipultaneously drawn
through an a2i1r filter by a blower. The filtered air and vapor-
1zed methanol are ceombined and transported through a clesed sys-
tem to the reacter. Formaldehyde i1s produced within each reactor
using a silver catalyst. The product gas passes through a heat
recovery unit by which the methancol i1s vaporized. The product
gas 15 passed to an atmospheric absorber column in which water 1s
passed from the top to bottom through the absorber, with the pred-
uct gas entering the bottom and passing upwards. The liguor as
cooled by recarculation through heat exchangers. Unabsorbed gas
15 vented off the top of the abscorber, through a flame arrestor

to an incinerator, which is used to generate steam.

The ligquor from the absorber i1s transported to an atmespheric
distillation column. Arr vented off the top of the distillation
column, which consists of water vapor and a trace of formaldehyde
and methancl, 1s directed to the vapeorizer. Formaldehyde scolution
from the still, which i1s approximately 50 percent by weight, 1is
then directed through a heat exchanger and a cartridge filter, to
formaldehyde storage tanks. In ¢rder to reduce formation of para-
formaldehyde in storage tanks, the product 1s circulated through

a heat exchanger to maintaln a product temperature of about 60°C.
The MO-2 unit has two parallel processes including vaporizers, alr

filters, reactors, and heat exchangers that feed a common
absorber.

18
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Formaldehyde samples are drawn from the system by the operator at
the absorber, the distillaticen column, and at the recycling line
between formaldehyde storage and the production circulation heat
exchanger. Samples are normally collected twice per shift. The
samples are collected by manually opening ball valves at these
points and filling an Erlenmeyer flask. The flask 1s then hand-
carried to a production lad for arnalysis

Blending 15 done with automatic controls from an i1solated centrol
room, with loader operators manually placing feed lines on rail

cars or truck tankers. Loading 18 alse contreolled automatically
from an 1solated contrcl room.

12



5. DESCRIPTION OF PROGRAMS

5.1 INDUSTRIAL HYGIENE

The safety and health program for the entire facilaty 1s headed
by Mr. w H Meyer, Safety, Health, and Envaronmental Manager.

The program s basically autoncmous, with support provided by the
cocmpany and corporate office. The chemical plant has a manage-
ment safety committee that coensists of the plant manager as chair-
man, the safely swuperintendent, and other managers and superinten=
dents. The committee covers all aspects of the safety and health
program. Safety meetings for the workers are conducted monthly.
These meetings are conducted by operations supervision with direc-
tion and input froem the safety department.

Mr. G. Ille, plant industrial hygienist, coordinates the indus-
trial hygiene program for the Bishop plant. Industrial hyglene
monitoring and analysis 15 performed by a technician and chemist
under the darection of Mr. Ille. Personal long- and shori-term
gsamples, and some general area samples, have been taken for many
alr contaminants, including formaldehyde and methanol. A “For-
maldehyde Task Force" was established to determine the formalde-
hyde exposure for each job classification, within an exposure
zone, with the chjective of reducing employee exposure to formal-
dehyde., All employees are informed of sampling data results and
interpretation of results in writing from the plant industrial
hygienist,

The Company and Plant industrial hygiene staff initiated a "Health

Surveirllance System"™ in 1977, which 1s integrating the following
four health program factors:

13



health history of employees,
inventory of chemicals,
duration of exposure,

- level of exposure

The Company industrial hygirene staff has set internal permissible
exposure limits (PEL) for toxic air contaminants where recommended
PEL's already exist.

Contingency plans for emergencies are well defined. The Bishop
plant has 1ts own firefighting crew. The plant has a written
emergency spill control pregram, and all employees are trained
using an in-plant training film.

5.2 OCCUPATIONAL SAFETY AND HEALTH {(OSE) TRAINING

A training coordinator manages the emplcyee training program.

The plant uses a process simulator for training that can simulate
several basic processes 1n the plant. The plant has produced 1ts
ownl safety and health training films that are shown to new and
existing employees, and these films are presented to new employees
on a scheduled basis., The new employee tralning prodgram consists
of trainang in various modules, such as safety, health, environ-
mental problems, spi1ll control, etc

Employees are advanced from less responsible positions to those
of more responsibality over a period of time so that the employee
1s adequately trained on the job i1n all aspects. An employee

works 3-4 years as a helper before becoming an operator.

5.3 PERSONAL PROTECTIVE EQUIFPMENT (PPE) AND SAFETY EQUIPMENT

All employees working in the formaldehyde production area are
reguired t¢ wear safety glasses and hard hats. The plant has a
written respiratory protection program, managed by the plant

14



industrial hygienist and the Safety Superintendent. Respirators
are maintained at a central location. When respirators are 1n
need of cleaning or repalr, they are sent to this location for an
exchange. The plant industrial hygienist i1s now 1n the process

of developing a gquantitative fit testing program using Freon 12,
Cartridge respirators, which are currently used for farmaldehyde
exposures, are half~ and full-face and are approved for an organic

vapor/acid gas exposure.

For any noise exposure greater than 85 {dBA, Celanese reguires the
wearing of ear protection. The Company and Flant industrial

hygiene staff 1s neow determining which type of ear protection 1s
acceptable by the majority of employees, based upon wearing com-
fort. This 1s being done so that employees will wear hearing pro-

tection of their own accord where required.

Emergency eye washes and showers are located along the tank truck
and rail car fermaldehyde lecading racks. One or more eyewashes
and showers are located at each MO unit and are also located at
the central formaldehyvde storage and blending area. In addition
tc a hard hat and safety glasses, PPE reguired for specific opera-

tions 1s as follaws:

Loading Operations {(while on the lcading rack or tank truck or
rail car}

Full- or half-face cartridge resplrator

Safety goggles, 1f half-face cartridge respirator worn

Gloves {when withdrawing sample)

Paraformaldehyde Cleanout form Formaldehyde Storage Tanks
Through Entry

Air-supplied respirator

Gloves, ubkber
Boots, rubber
Protectaive full-body suit

15



Changing Catalyst in Reactors

Full-face cartridge respirator
Gloves, rubber
©Tyvec" overalls

Formaldehyde Storage/Load Tank Sample Withdrawal
Full- ecr half-face cartridge respirator

Gloves, rubber

Maintenance-Formaldehyde or Methanol Major Leak Repair

Full-face cartridge respirator
Gloves, rubber

5.4 MEDICAL PRCGRAM

The Bishop plant employe a full-time nurse. An extensive physi-
c¢al examinaticn 1s given to all employvees every one, two, or
three years, based on the employee's age. No speciralty examina-
tions are given to employees working at the formaldehyde produc-
tion facility.

An audiometric test i1s given to those employees who are exposed
to nolse at an exposure equal to or greater than 80 dBa.
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3] WORK FPRACTICES

6.1 GENERAL PROCEDURES

6.1.1 Operators

One operator 1s assigned per shift to each MO unit. An extra
operator 1s assigned to fill in on duties as needed over the four
shifts. The operator 1s respongible for operation of his spe-
crfic MO unit and spends the majority of his work time (approxi-
mately & hours) within the WO centrcl building, either operating
centrels for the unit or analyzing formaldehyde process samples
taken to monitoer the process. The operator also usually eats
lunch withain the control room as part of his shift. The operator
for the MO-2 unit 1s also required to operate controls for a near-
by boiler house, from the MO-2 control building.

The operator leaves the controel building every four hours ta col-
lect formaldehyde process samples from the distillation celumn
{two points; overhead and residue) and the absorber, and water
samples from the boiler house. The coperator alsc leaves the
control building twice per shift to gauge tanks. During gauging,
the operator checks the process equipment and pumps for detect-
able leaks. If a major leak 1s detected 1n the unit, the operator
1s to report 1t to maintenance unless he can easily repailr 1t by
himeelf. The operator may leave the control building te assist

a malntenance worker repalring the leak.
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6.1.2 Maintenahge

Approximately 120 maintenance workers are employed by the plant,
and service the chemical plant units. They are assigned to the
day shifts only, but may work on other shifts for majer emergency

repaly work.

Maintenance workers may repair all types of eguipment, including
chemical leaks of all kinds. The plant has spare pumps avallable
to replace most of the pumps in the plant. If a pump breaks down
in the field, 1t 1s replaced with a spare 1f one 1s available.
Replacement procedure includes first closing off the pump from
the rest of the system and then flushing out the isclated 1line
and pump with deionlizZed water from an enclosed delonized water
system. The system 1s either flushed within enclosed piping to
the underground sewer, or flushed waste 18 directed on the sur-
face tc a sump. Once flushing is complete, the malfunctioning
pump 1s removed and replaced with the spare. The bad pump 1s
then taken back to the maintenance shop for repair. The entaire
replacement procedure takes approximately 30 minutes. Since less
work 18 done 1in the field where there are no ventilation facil-
1ties, the worker's exposure should be less than 1f the pump was
totally repaired in the field. If a spare pump 1s not available,
the pump 15 repaired in the field, which on the average, takes
approximately twe hours. The same 1solaticn and flushing proce-
dure 1s used for flushing the isolated line and pump with
deionized water 1f the pump 1s repaired i1n the field.

As stated in Section 6.1.1, the operator checks pumps twlice per
shift for leaks when gauging tanks and repert leaks to maintenance
for repair. The plant does try to maintain a yearly turnarcund
marntenance program for each MO unat.
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In addition to equipment repair, maintenance workers alsoc change
reactor catalysts and ¢lean paraformaldehyde formatiens within
formaldehyde storage tanks when needed.

6.2 FORMALDEHYDE LOADING

6 2.1 Blender Operator Duties

The blender operator spends approximately 80% of his time 1n a
separate blend contrel reoom lecated adjacent to the rail car
loading area. The blender operator works only the first shift.
The operator transfers formaldehyde soluticn from two large stor-
age tanks to six holding tanks, by using the control panel within
the blending control reom. The operator then antomatically trans-
fers formaldehyde from one or more holding tanks to tank trucks

or ralil cars through use of the contrcl panel. The correct for-
maldehyde sclution concentration i1s obtained by inline blending
within the line feeding either the truck or the rail car. The
operator deoes occasionally leave the building to read level gauges
on holding tanks, turn valves on tanks to transfer solution from
one tank to another, or cellect holding tank samples. The pro=-

cedure used to collect samples will be described in Sectacn 6.3,

6.2.2 Truck Tank Loading

Truck tanks are loaded only during the fairst shift The loading
operator works along an elevated loading rack vwhich i1s equipped
with three formaldehyde loading stations; nermally only two are

used

After a truck pulls up along the rack, the cperater puts on a

respirater and opens the hatch te ensure that the truck 1s empty
He then connects a flexible air displacement duct and the loading
line to the truck. The air displacement duct 15 connected to the
vent systems which, ancludes a packed scrubber. The lcading laine
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enters the truck through the top hatch and extends down almost to
the bottom of the tank. A level gauge probe 1s also inserted into
the truck. Prior to connecting the leoading line to the truck, it
15 released from piping, where 1t 1s stored overnight. Residual
water falls out of the line after releasing 1t from the piping.
This water 1s remaining from a water flush of the loading lines,
which 1s performed every day at the end of the first shift
Residual formaldehyde remaining in the lines 1s flushed from the
enclosed system to the sewer. The expasure due to residual water
falling out of the line should be minimal, since very little, 1f
any formaldehyde remains in the line.

Once all lines are connected to the truck, the hatch 18 closed,
and the loadang lane 1s flushed with air pricr to loading. The
amount of formaldehyvde loaded 1s automatically contrelled using a
computer terminal lecated withan the blending control building.
After the tank 1s loaded, the line 1s flushed with air, the load-
ing line and air dasplacement duct {vent line) are disconnected
(as shown i1n Figures 3 and 4), and the depth gauge preobe 1s
removed. When the loading line 1s removed, up to two gallons of
formaldehyde remaining in the flexible part of the line falls out
of 1t {o the ground 8 feet below the rack, creating a potential
exposure to the operator.

The operator then opens the hatch to collect a sample, obtains
the solutieon temperature, and checks the depth of the scluticn
within the tank. A pint glass jar is used to collect a sample.
Sample collection will be described in Sectieon 6.3. The sclution
temperature 15 cobtained by manually dropping a thermometer on a
rope through the hatch cpening. The depth of the solution is
checked by inserting a wooden depth gauge into the filled tank.

20



Figure 3. Tank truck loading operator removing
vent line from tank truck.

Figure 4 Tank truck loading operator removing
leoading dip tube from tank truck.
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COnce all tests are performed, all material whaich has been im-
mersed 1n the fermaldehyde soluticn, including the loading line,
1s hosed off with water as shown in Figure 5. 1In addition, all
cther contaminated areas, including the ground below the rack,
are hosed off, and the effluent i1s discharged to the facaility
biclogical treatment plant.

Figure 5. Tank truck loading operator hosing the tank
truck off. Note respirater and gloves.
Safety eyewash and shower behind operator.

6&.2.3 Rall Car Loading

Rail cars are only loaded during the first shift. Rail cars are

loaded from one of two loading racks located adjacent to the
tracks.

Each rail car i1s eguapped with two domes. One dome is retrofitted
with attachmente for the loading line, air displacement duct, and
an opening for the depth gauge probe. The air displacement duct
goes to the vent system, which includes a packed scrubber. The
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operator hooks up the leoading line, air displacement duct, and
inserts the depth gauge probe, then loading commences. The other
dome 1s normally closed.

Fresently, because automatic loading of cars 1s not accurate due
to problems with the computer controcls, the cperator must check
the level of solution prior to completion of loading by opening
the second (free} dome and wvisually checking the level as shown
in Faigure 6 This checking, which takes two te four minutes, 1s
usually done only once while filling the rail car. The operator
wears a respirator while checking the level. The status of the
level 1s visually communicated to the blending operator. During
this check, diasplaced contaminated air escapes from the dome and
may be blown towards the operateor's breathing zone, depending upon
the direction that the wind 1s blowing.

Figure 6 Rall car loading operator checking tank
level. HNote respirator,
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when loading 15 complete, the operator collects two samples (each
one pint, in a glass jar}) through the free opened dome. The gpe-
ci1fics of a collectaon are described in Section 6.3 Also, a
thermometer attached to a rope 1s lowered inte the tank to obtain
the solution temperature. The loading line, air displacement duct,
and depth gauge probe are removed from the car (Figure 7) The
open dome 1s closed. The loading line 15 then flushed with air
Once these tasks are completed, the ¢losed samples and all ether
materials contaminated with formaldehyde are hosed off with
water, the effluent going to the facility biological treatment
plant. In additicon, the contaminated rail car top ie hosed off

Figure 7, Rail car leading cperator removing lcading line
from tank car. Note respirator and gloves.

6.2 FORMALDEHYDE SOLUTION SAMPLE WITHDRAWAL AND ANALYSIS

§.3.1 Formaldehyde Process Samples

The unit operator takes a preocess sample from the absorber, the
lower section of the distaillation column, and the overhead from
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the distilliation column, twice per shift. The samples are
usually taken at four-hour intervals (4, B, and 12 o'clock)
throughout the three shifts.

Initially, the unit operator fills two flasks with 100 mL of
water and three flasks with 100 mL of sodium sulfite while 1in the
unit c¢ontrol building. The operater then transports pint glass
Jars to the unat sample points and collects each of the samples
in one of the glass jars. Samples are taken by opening a ball
valve and filling the jar through tubing from the sample point.

A catch basin 1s provided below each sample peant. The operator
purges the system {(Figure 8} prior t¢ filling and dumps the purge
intc the catch basin The catch basin directe waste to the sewer.

Figure 8. Unit operatcor purging absorber recycle line
prior to sampling Note catch basin, sample
tongs, and splash goggles.
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The operator did not wear a respirator while taking samples.
Since the pint sample bottles are capped and they are outside of
a hood cnly about five minuteg, respirateory protection may not be

needad

Once a Jar 1s filled (Figure 9) 1t 1s c¢overed with a screw top
(Figure 10). The three filled jars are then taken back to the
control building and placed within a local exhaust-ventilated
laboratory hood. Three small vials are each filled within the
lab hoed, with sample solutions taken from each of the three
sample points. Each vial 15 weighed on a balance located outside
the hood. This should present a minimal exposure due to the
small quantity being weighed The formaldehyde from each wvial
1s dumped in one of the flasks containing 100 mL of sodium sul-
fite and taitrated with sulfuric acaid (Figure 11} within the hood
to determine the percent formaldehyde within the samples taken
from each of the three sample poants.

Figure 9. Unit operator sampling process.
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Figure 10. Unit operator capping process sample.

Figure 11. Operator analyzing samples
in the local exhaust hood.
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A portion of the abscorber sample 15 pipetted from the jar toc one
of the twe flasks containing 100 mlL of water. The flask solution
15 taitrated with sodium hydroxide to determine percent formic
acid The entire task i1s performed within the lab hood. This
procedure 15 repeated for the sample taken from the lower section
of the distillation column

A sample from the jar contaimng the sample of the pverhead from
the dastiilation column 1s drawn into a syringe. This 1s per-
formed within the lak hcood. Approximately 4-5 mL from the syringe
are injected into a gas chromategraph (GC) (Figure 12) located
cutside the hood. A standard 1s then injected into the GC. The
percent methanol is then determined. The formaldehyde exposure
due to injection of the sample should be low since the sample
contains mostly methanol.

ol

Fiqure 12. QOperator injecting methancl sample
into GC. Note heod on left sade.
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After all analyses are performed, the flasks and glassware are
washed within the hood. all waste 1s dumped into a sink within
the hood, which directs waste to the plant's waste treatment
facility

6.3.2 Leading Sampling

A lecader coperator withdraws a formaldehyde sample from each rail
car or tank truck after 1t has been loaded, After a tank truck

1s loaded, all lines are disconnected. The hatch 1s opened and

a sample 15 collected by lowering a pint glass jar, either held

at the end of a long pole or at the end of a chain, into the sclu-
tion to f1l1l1 i1t (Figure 13). The jar i1s then removed and closed
Wwith a screw-type top.

Figure 132. Tank truck loading operator sampling
tank truck. Note handle, gloves, and
resplrator.
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The lcader operator takes rail car samples by consecutively
lowering two, one~pint glass jars on the end of a chain into the
solution through the free dome. Once each 1s filled, i1t is
removed and covered with a screw-type top. The operator always
wore a respirator while the hatch was open for sample taking.

Both tank truck and raill car samples are then transported by
vehicle to the main labeoratory for analysis. Since the loader
operator must open the hatch or dome to collect a sample, he may
be exposed to formaldehyde gas escaping the tank truck or rail
car. Since loading has ceased priecr teo sample collection, the
exposure should be lees than when the loader operator opens the
dome on a rail car prior to completion of loading Duraing thas
latter task, displaced air 15 being forced out of the rail car due
to leading.

The blender operator also occasiohally withdraws samples from
load tanks so as to double-check the formaldehyde concentration
loaded 1ntg rail cars or tank trucks. The sanple 15 collected in
the same manner as process samples are collected by unit operators.
A pint glass jar 1s filled with solution from a tank by opening

a ball wvalve, which directs solution thrcocugh tubing to the jar.
The line 1s purged. Waste is dumped intc a catch basin below
each sample point, which directs the waste to the sewer. Once
the jar 1s filled, 1t 1s covered with a screw-iype top. The jar
15 then transported by ancther employee by vehicle te the main
labecratory for analysis.

Samples are also collected every morning from the formaldehyde
storage tanks by an M0-4 unit operator. Samples are ccllected 1n
the exact manner as process samples are collected by unit opera-
tors Purges are dumped 1n a catch basin below the sample poaint,
whach dairects waste to the sewer. Samples are transperted to the
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main laboratory for analysis by laboratory technicirans. The samp-
ling team was unable tc take personal samples on an employee while
collecting these samples since 1ts members were always busy col-
lecting other samples at the times they were taken.
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7. CONTROL STRATEGY

Several areas of the formaldehyde production operation that present
exposure potential Aare discussed below with respect to control
technology applied. This discussion 1s limited toc one of the four
methanol oxidation unirts, and the common storage and shippling areas
found at the plant. This limitation was accepted because the opera-
tions are similar, time and cost restrictions on the project made
1t i1mpessible to do all four units simultaneously, and the plant
personnel reguested that the sampling be restricted to thilis area

Exposures are limited because the process 1s completely enclosed,
except for the formaldehyde discharge (leading) point, and
process sample poants. This enclosure includes the methanol raw
material to be oxidized. Methanol 1is piped to the storage tanks
for use by the unit,

7.1 MO-2 METHANOL STORAGE AREA

Methanol i1s produced at the Bishop plant and stored for use 1in
formaldehyde production i1n two storage tanks, approximately 75
feet from the MO-2 reactors. The large floating roof tank and
the smaller fixed roof tank shown in Figure 14, are grounded,
diked, and equaipped waith Varec level=-indicataing gauges. Methancl
1s pumped from the tanks, alternately emptying one while the
other 1s filling, using a small centrifugal pump (Figure 15),
with a Durham single mechanical metallic seal. Methanol from the
pressure side of the pump 1s returned to the seal to lubricate
the seal face. Methanol was noticed dripping from the working
pump during socurce sampling. A second parallel pump, shown 1n
Figure 16, 1s available should the primary pump fail.
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Figure 14. MO-2 methanol storage tanks.
Note dike around hoth tanks.

Figure 15. Methancl transfer pump.
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Figure 16. Methanol transfer pumps inside diked area.

Methanol 1s pumped from the storage tanks through an enclosed
cartridge filter, to the vaporizer, where 1t 1s combined with
recycle methanel from the distillation column.

7 2 MO-Z2 CONVERTEER AREA

Two banks of converters are side-by-side in an open air, rooefed
structure. These converter banks, which are each made up of
small reactors, are enclosed systems using fiber gaskets on each
reacter end to prevent leaks. Each indavidual reactor 1s attached
to a vaporized-methanol manifold and to a product manifold via a
flexible pipe. The product manifolds are jcined and then con-
nected to a heat exhanger and then to the absorber. Cooling of
the reactors i1s accomplished via natural convection. The nature
of the enclosed process makes additional controls i1n this area
unnecessary as long as the process 1s monitored for leaks. One
reactor did have a vapor leak through one gasket during the first
part of the survey. The leak was repaired by an operator and
checked later by malntenance personnel.
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7.3 ABSORBER AND DISTILLATION COLUMN

Hot product gas leaving the converters 1is cocled i1n a heat
exchanger and then enters the absorber, shown in Figure 17, where
1t 18 gquenched with an agueosus formaldehyde solution Exhausted
gas frcom the top of the absorber, containing hydrogen, carbon
dicxide, nitrogen, and small gquantities of formaldehyde, 1s sent
to a nearby boiler where 1t as burned to recover the heating
value,

Figure 17. BAbsorber {right) and distillation <¢olumn.
Note exhaust line downstream of absorber.
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Durce centrifugal pumps transfer the solution to three levels
insi1de the absorber column. The pumps that transfer sclution to
the top and middle levels use Durham metallic¢ single mechanical
seals with recycled solution on the face of the seals. This re-
cycle helps to lubracate the seal, improving 1ts effectiveness
and longevity according to the manufacturer. The bottom recycle
pump., shown in Figure 18, uses a Chesterton tandem, double mechan-
ical seal with methylene glycol on the seal for lubraication and
sealing.

Figure 18. Bottom recycle pump. Note double
mechanical geal vessel and lines.
Note sample point on left.
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Double mechanical seals appear to offer several potential advan-
tages over single mechanical seals. For example, leaks must pass
through two seals before they are emitted to the atmosphere. 1n
addition, leaks can be detected earlier by contamination of the
sealing fluid by the process solution or by a lowering of the
sealing fluid level in the fluid supply vessel. Twenty double
mechanical seals have been installed at the Celanese plant. How-
ever, evaluaticon of double mechanical versus single mechanical
seals has just begun. No ceonclusions have been made vet.

The distillation column uses similar pumps having double mechani-
cal seals to transfer the interim solutien to the column and the
product solution teo the product tanks. A centrifugal single
mechanical seal pump 1s used te transfer the recovered methanol
to the vaporizer for reuse, as shown in Figure 19.

7.4 MO-2 PROCESS SAMPLING

Process samples are taken every four hours from four points on
the product end of the process. Samples are taken from the ab-
sorber lower recycle pump (Figure 18), the distillatien preduct
pump (Figure 20}, the distillation methanol recycle pump {Fig-
ure 1%), and from the final product line (Fagure 21). Each sam-
Pling peoint 15 a short line off of the pressure side of the
respective pump, which has been fitted with a small gate valve,

a pressure indicator, and a small ball valve. Each sample point
alsc has a small catch kasin for purging the line and c¢ollecting
drips from the sample points. These catch basins empty 1nteo the
FPlant central sewer system, where the purged material 15 then
traated by the plant. All sample points and catch bhasins are out
of the breathang zone and are readily accessible. Operators wear
safety glasses and use beaker tongs during sampling te reduce
accidental eye and skin contact. An eyewash and safety shower
are within 25 feet of all sample points.
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Figure 19. Methancl recycle pump from dastillaticn
column. Note sample pecint and catch basan.
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Figure 20. Distillation product pump point.
Note catch basain.

Figure 21. Final product sample point.
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7.5% CENTRAL FORMALDEHYDE STORACE

Formaldehyde produced by the MO-2 unit is pumped to large storage
tanks near the leading area of the plant. This area alsc stcres
the formaldehyde produced by the other units that are not used by
the plant. The storage area surveved consisted of four, one-
million gallon tanks. Each tank 1s grounded, has Varec exterior
level gauges, and has a small packed column water scrubber to
capture any formaldehyde relesased by the tank. Each tank alsc
uses an exterior heat exchariger to maintain the tank temperature
at 60°C and prevent paraformaldehyde formation.

an example of the water scrubber used to control formaldehyde
emissicons from each tank 1s shown in Figure 22. A schematic of
the scrubber 1s shown i1n Faigure 23. Vapors can escape from the
tank at any time, with the worst case coccurring during tank £fi1ll-
ing. The gas above the formaldehyde solution can be assumed to
be in equilaibrium with the solution (50% solution at 60°C) and to
contain a significant formaldehyde concentration., As the tank 1s
filled, this gas 15 forced out of the tank and through the scrub-
ber. The water used in the packed scrubber captures the released
formaldehyde, forming a sclution containing approximately 2 per-
cent formaldehyde. The scrubber gas is then released to the
atmosphere. The packing material (1/2-1 1n. raings) increases the
contact time and area of the scrubber, improving the percent cap-
ture. The scrubbers, designed for 95% efficiency, are in 24-hr
operaticn and use appruximately 0.25 gpm water Samples of the
scrubber effluent were analyzed for the Texas Alr Quality Board
and were found to contain very low formaldehyde concentratlions in
the released gas.
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Figure 22. Formaldehyde storage tank scrubber {center)
extending above tank.
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The use of external heating systems on the storage tanks, to main-
tain the 60°C tank temperature, reduces the need for entering the
tank. It also allows the plant to spot and correct maintenance
problems since the flanges and fittings which are most likely to
leak are exposed. The system uses centrifugal pumps with
Chesterton tandem double mechanical seals to pull the formaldehyde
solution from the tank, pump 1t through a shell-and-tube heat ex-
changer, and pump 1t back into the tank. Methylene glycol i1s used
in the double mechanical seal to lubricate and help seal the seal
faces. Each pump operates 24 hours per day. There 1s a sample
point on the pressure side to allow the blender operator to deter-
mine blending requlrements Catch basains around each pump prevent
maijor leaks from contaminating the entire area., Figures 24 and 25
show the pumps and the double mechanical seals used in this area

Figure 24. Storage tank recirculation pumps
with double mechanical seals.
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Figure 25, Double mechanical seal with sealing fluid vessel.

7.6 FORMALDEHYDE LOADING AREA

Formaldehyde 1s lcaded i1n two separate areas, one each for tank
trucks and rail cars. These areas are adjacent te each other and
use the same contrpl equipment. Celanese owns the majority of
the rail cars and tank trucks that transport formaldehyde from
the plant and has modified each carrier to conform to a closed-
top loading system. A ¢losed liquid system 1s used to delaiver the
formaldehyde solution to the carrier, and a closed ventilation
system 1s used to carry the released wvapors to a central scrubber.
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Tank cars carry most of the formaldehyde solution out of the
plant. The tank car loading area, shown in Figure 26, 1% an
elevated platform with several loading spots., Each spot has a
set of flexilkle metal hoses (Figures 27 and 28), that can be
attached directly to the tank car, shown in Figures 29 and 30.

Each set has one delivery hose and one ventilation hose. The
ducts are fitted with gasketed gquick-comnect adapters for easy
use Product formaldehyde solution 1s pumped from the blending
area 1nto the tank through an enclosed system. The ventilation
system 1s also enclosed and uses the natural pressure of the dis-
placed air from the leoading operatilon to push the vapors through

a packed scrubkber. This scrubber is similar but larger than those
used on the formaldehyde storage tanks, but i1t 1s only in opera-
tion during loading activities.

Figure 26. Tank car loading area.
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46

-



Figure 29. Loading and ventilation lines
attached to tank car.

Figure 30. Close up of loading and ventilation
lines hook-~up.
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At present, shipment samples are taken by hand from every tank
that goes out of the plant, reducing the effaciency of this
closed dome system. Efforts are being undertaken to resolve the
problems with the autowmatic sampling system tc eliminate the need
for routinely opening the filled tanks. In addition to opening
the tank car for sampling, the operater must alsc observe the
final filling stages ¢f the tank because the autematic loading
system 15 not sensitive encugh to prevent overfilling Loading
operators wear half-face cartridge resparatcrs whenever the tank
15 open.

The truck loading area, shown 1n Faigure 31, alsoc has several bays
where formaldehyde can be lcaded. The same enclosed systems used
for tank car loading are used, except that the modifications for
truck leading are not completely permanent and require sagnifi-
cantly more operater activity. For 1nstance, the operator must
manually insert a level indicator tube inte the attachment on the
second hatch Figures 32 and 33 show a truck being loaded Note
the two flexible metal hoses attached to tank Lop These ccennec-
tions are uncoupled prior to the truck leaving. Figure 4 shows
the operateor removing the lcading dip tube from the tank.

Figure 34 shows the adapter for the ventilation system. Both of

these adapters have guick-ceonnect fittings te minimlze operator
effort.

The loading and ventilation systems operate on the same systems
used for tank car loading. Natural air pressure pushes the re-
leased vapors threough the central scrubber., Unlike the rail car
system, an accurate level indicator allows the truck tc be com-
pletely enclosed during all loading actaivity. Samplaing 1s done
by the operator through the open truck hatch while wearing a half-
face cartridge respirator. The hatch i1s open for about three
minutes. Formaldehyde spills are washed into the sewer below the
loading area after each truck is loaded
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Fiqure 31. Tank truck lcading area.

Figure 32. Tank truck with leading and ventilation lines
hooked up. Note automatic level probe.
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Figure 33. Tank truck with lcading (right) and
ventilation {left) lines hooked up.

Figure 34. C(elanese adagter for tank truck loading. Top
line is for level probe, left is bleed value,
right 1s hock-up to vent line.
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7.7 MO-2 CONTRCL ROOM

Formaldehyde process operators spend most of their time meonitering
the process area from the control room, which 1s located approxi-
mately 200 feet from the unit. Critical operations can be moni-
tored and controlled from this area, and alarms warn the operator
of problems as they occur.

Sample analyses for percent formaldehyde and formic acid in the
samples collected from the process are conducted 1n a small hood
1in an 11 of the centrol room. The lab hood 18 a compensating=-
type hoed, with cutside makeup air provided from a grill located
along the top of the hood face. Inward air velocity measure-
ments could not be made along the open hood face due to extreme
turbulence at the face. 8Smoke tube air flow tests showed air
being blown out of the hood, with some air movement upwards

toward the exhaust plenum inside the face.

It 123 suspected that the reason for the undesirable flow patterns
around the face of the lab hood 15 that more makeup air 1s being
provided than 1s belng exhausted. In fact, Celanese perszonnel
measured the air velocaity at the air makeup grill and found 1t to
be 1,750 fpm The hood was designed te deliver 400 fpm. Based
upon the smoke tube air flow test, 1t 1s concluded that the hood
wag not operating properly and cculd not contrel formaldehyde gas
produced during analyses performed within the hood. However, 1t
would also be mentioned that this hood 18 rather new (less than
one year old), and efforts were being made by Celanese personnel

to balance the axr flow across the hood face.

The 1njection of 4=-5 wl of a sample of the ¢verhead from the dis-
tillation column into the GC located outside the hoed should
produce a minimal formaldehyde gas exposure for the operator
since the sample should contain mostly methancl and very little
formaldehyde. No other eperations within the contrel buildang
should present s source cof formaldehyde.
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8. SAMPLING AND ANALYSIS

Formaldehyde and methanol sampling were conducted during the
survey to determine time-weighted-average (TWA) and short-term
exposure levels (STEL) for personnel and areas assoclated with
formaldehyde production. Five process operatcrs were monltored
for formaldehyde exposure for one day. The breathing zones of
two operators were sampled for methanel exposure for one and two
days, respectavely. Loading operators for the tank car and truck
locading operationsg were sampled for formaldehyde for four and two
days, respectively. The blending operator was sampled for four
days. These samples were taken to determine the worker exposure
during normal shift work. The process operators and maintenance
perseonnel were alse sampled during potentially high exposure
activities for short-term exposure levels.

Twelve areas were alsoc sampled for formaldehyde and methanol to
determine general concentrations to which the workers are exposed
in these areas. Four sources were sampled to estimate the contri-
bution of these sources to the general formaldehyde and methanol
concentrations. In order to emsure that the source samples
represented the source emissions and were not affected by concen-
trations of the same pollutant in the surrounding area, or by
dilution, each scurce sampled was wrapped tightly with clear
Plastic and tape-sealed as shown in Figure 35. 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 translated intc the amount of pollutant released per day
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Figure 35 Example of enclosure for source sample.
Note sample tube inside plastic.

8.1 SAMPLING TIME

The survey objectives 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-weighted average exposures.
Short-term samples, collected over periods of between 15 and 120
minutes, were used to determine the exposures from certain but
typically short events occurring during nermal regular shift
hours. Perscnal leong-term samples were generally comprised of
two consecutive sampling periods (each approximately 240 minutes
long} and were used to determine an eight-hour, time=-welghted
average according to the following formula:

T1Xy + TpX;

TWhA = Ref. [11

Ty
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where TWA
T,.Ts = sampling times for long-term samples

time-weighted average

Xy,Xp = concentrations of long-term samples

Ty total time = T, + T,

"

This same formula was applied to personal as well as area samples
Long-term samples were repeated on a second day to enhance the
survey results and to evaluate day-to-day variations in results.

Short-term samples were taken during operator agtivities that were
expected te significantly contraibute to and affect the results of
long-term samples. The samples were also to indicate where con-
trols may be most effective 1f the exposure concentration levels
needed to be reduced. Short-term sanples were taken at flow rates
of about 200 cm®/min (as compared with 100 cm®/min for leng-term
samples) to assure collection of a pollutant volume sufficient for

reliable analysis.

B.2 SAMPLING METHODS

Sampling for formaldehyde was conducted using an attive dosimeter
method developed by the research department of Monsanto Agracul-
tural Products Company {2] and approved by the NIOSH project
officer, Mr. W. N. McKinnery, Jr. The method uses sampling tubes
packed with 2,4~Dinitro-phenylhydrazine (2,4-DNPH)=coated silica
gel to absorb formaldehyde from the sampled gas. To draw the gas
through the tubes, MRC used DuPont Model P200 portable sampling
pumps set and calibrated to deliver a constant flow rate (x5%) of
approximately 100 cc/min (actual pumps ranged from 93.9-129.1 cc/
min) for long-term samples as suggested by Mr. David Haile,
supervisor of the MRC industrial-hvgiene certified laboratory.
Short~term samples were collected using the same pumps set and
calibrated at a constant flow rate (+5%) of approximately 200 cc/
min (actual pumps ranged from 187.5-209.3 cc/min). Pumps were
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checked for significant (greater than 15%) deviation after use
and the samples were a significant deviation was observed were
discarded.

To assure quality of results, fermaldehyde sample blanks and
spikes were used and all samples were analyzed and reported in
accordance with standard MRC Quality Assurance/Quality Control
procedures. Addaticnal details on formaldehyde sampling and
analysis methods are provided in Appendix A

Sampling for methanol was conducted using a NIOSH-approved
active dosimeter method, NIOSH S59. Stlica gel tubes were used
in conjunction with DuPont Model P200 pumps which were set and
calibrated at a constant flow rate (15%) of approximately 50 cc/
min (actual pumps varied between 45.6-59.4 cc/min) for personal,
source, and area sampling. Pump flow rates were checked after
sampling to ensure constant flow.

To assure quality of results, an unexpesed si1lica gel tube was
chosen as a blank for each sampled shift. In addition, methanol
samples were collected 1n duplicate and one of the duplicates
was sgpiked during sampling with either 0.8 or 1 2 times the PEL
to check on recovery and precision of sampling and analytical
procedures, All methancol samples and blanks were analyzed and
reported according to MRC Quality Assurance/Quality Control Pro-
cedures. Aadditional detalls on methanel sampling and analysis

procedures used are included i1n Appendix A.

During sampling, a log of pertinent information was developed
using Monsanto DMEH Industrial Hygiene Monitoraing Forms. Re-
corded information on these forms includes: tube i1dentification
number, identification of sampling location, pump initial and
final flcows, sampling time, and comments.
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B.3 NUMBER OF SAMPLES

Excluding blanks and spikes, 35 methanol samples were collected
during the survey as shown in Table 1, Section 1.2.

8.4 LOCATIQNS SAMFLED

Figure 36 shows the location in the plant where sampling was con-
ducted. Table 2 lists the locations sampled and the number and
type of samples taken at that location. Personal samples are not
shown 1n Table 2.

RAIL CAR
LOADING AREA
PROCESS
CONTROL ROOM
ab TRUCK ac
LD?E'IE_%R;E? HCHO STORAGE AREA
a
ABSORBER b 3
|
O/ QREACTDR 2 [%i
a,b,¢ AREA
O ac O =2 BLENDING
METHANOL DISTILLATION CONTROL ROCM

STORAGE COLUMN

2 ~ AREA SAMPLING
b = SOURCE SAMPLING
t = SHORT-TERM PER SONAL SAMPLING

Figure 36. Location of area, short=-term pergconal, and
scurce sampling conducted during the survey.
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TABLE 2. AREA AND SOQURCE SAMPLE WUMBER

AND LOCATICON SUMMARY

Location

Number of samples

Formaldehvde

Methanol

Area

Converter - south side

Converter - center

Absorber

Distillation

Contrel room

Formaldehyde storage - northwest
Formaldehyde storage - sountheast
Methanol storage

Process sample analysis

Truck leoading

Raill car loading

Blending centrol rcom

Source

Distaillation product pump
Absorber lower recycle pump
Formaldehyde recirculation pump
Methancel supply pump

BB R U7 W L L) s o L W)

[ LR 8 0 N

B W ww
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%. RESULTS

The following tables present the analytical results for samples
taken at the Celanese Chemical Company, Inc., Bishop, TX, plant
durang October 11~15, 1982. All wvolumes and concentrations have
bee corrected te standard temperature and pressure {(68°F and
29.92 1n. Hg). Table 3 presents the long-term personal sample
analytical results for methanol. No short-term methanol samples
were taken. Area sample resuyults for methanol are presented in
Takle 4. Socurce sample results for methanol can be found in
Tahle 5.

Analysis of several of the methanecl tubes showed breakthrough into
the back section of greater than 25% of the guantity found on the
front section. This indicates potentially saignificant loss of
material and must be taken into account when comparing samples.
Analytical results report these results as minimum values. These
concentrations were doubled {(1.e., assumed 100% breakthrough) when
used to calculate the time-weighted average. The assumed values
are reported in a separate column. The chemists who analyzed )
these samples agreed with this approach. .
None cf the sample results for formaldehyde are reported

since the poor QC results indicate that their validity i1s open to
serinus guestion,
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10. CONCLUSICONS

10.1 METHANOL EXPOSURE

10.1.1 Operator Long-Term EXposure

Consecutive personal long-term samples were taken for the MO-2
unit operator during the 10/13 day shift and the second shifit of
10/12 and 10/14. Sample data are shown in Table 3, Secticn 9.

Sample No. 20, taken on 10/12, had excessive breakthrough. Even
1f one assumes 100% breakthrough out of the tube with a resultant
tube concentration of 6.96 ppm, the TWA exposure concentration
for the total sample peried of twe samples worn on 10/12 1s only
3.89 ppm. The TWA concentration for the set of samples taken on
10712 was below the detection limit of 1.0 ppm and on 10/14 1t
was 4 28 ppm. All TWA exposure concentrations are greatly below
the OSHA TWA PEL of 200 ppm It s felt that the TWA expcosure
concentration gives a good estimate of the unit operator's
exposure for the full shift worked. It can thus be concluded
that the methanol exposure was controlled and nonexcessive for
those days sampled. The exposure 1s most probably nonexcessive
under normal conditions and will remaln nonexcessive 1n the

future 1f the operations remain sim:ilar.

10.1.2 Maintenance Personnel Long-Term Exposure

Long-term personal samples could not be taken on maintenance

workers since they provide maintenance over the entire plant com-
plex. The maintenance workers did not spend a full shift in the
fermaldehyde plant area duraing the time the sampling team was on
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s1te. The sampling team was able to take short-term personal
samples oh two malntenance mechanics changing filters on an MO-2
unit methanol pump. The sample data appear 1n Table 3, Section 9.

The concentration for one sample was below detectable limits
whereas excessive breakthreough coccurred in the other sample

(No. 51). Even 1f 100% breakthrough 1s assumed and the reported
result of 8.34 1s doubled to 16.68 ppm, the exposure 1s still
considered low.

OSHA does not enforce a short-term eXposure lamit (STEL). The
American Conference of Governmental Industrial Hygienists recom-
mends a STEL for methanol of 2350 ppm. Both workers were exposed
to a2 mich smaller concentration, and thus the exposure 1s well
below the accepted limit. It ais also expected that maintenance
workers should not regularly be exposed to excessive methanol
over an entire shift. Their leong-term exposures are most prob-
ably well within present health guidelines.

10.2 METHANQL AREA SAMPLING

Two consecutive 4-hour area samples were taken in five locations
in the production area. A third sample was taken at each loca-
tion on a second day. Sample times ranged from 155 to 250 min-
utes for i1ndividual samples and from 388 to 469 minutes for the
consecutlve samples. Analytical results for these samples are

presented in Table 4, Section 9.

The production area samples ranged from bkelow detectable limits
(<1l.0 ppm} to greater than 62.8 ppm. Even deubling the 62.8 ppm
te allow for breakthrough would indicate that this area does not
exceed the OSHA PEL of 200 ppm TWA. Eleven of the 13 samples
analyvzed have breakthrough into the back section of the sample
tubes of greater than 25% of that found on the front section of
the tube. As a result, those concentrations should be considered
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minimum concentratlions. Two samples were volded due to extireme
pump unreliability; 1.e., the flow rate changed significantly,
and were not analyzed. Another sample was lost on analytical
desorption and could not be analyzed.

Engineering controls and natural dilution ventilaticn appeared to
be sufficient at this plant during this study to prevent over-

exposure to methaneol.

General Conglusions on Methanol Exposure

The following general conclusions can be made about potential
methancl exposure at this plant:

+ All workers are probably not overexposed te methancl on a

short- or long-term basis unless a very majcor leak occcurs.

The methancl exposure 15 expected to be low at this plant
because 1t 1s produced there. This avoids the necessity
of icading and unlcading trucke or rail cars, a major
source of methanol exposure for operators at most formal-
dehyde plants.

«+  Area methanol concentrations are well beleow 0OSHA PEL

standards.

10.3 EVALUATION OF ENGINEERING CONTROLS

Table 5 1n Section 9 presents the analytical results of the meth-
anol source samples. Breakthrough occurred on three of seven
samples; thece sample concentrations should be considered minimum
concentrations.
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Table 6 presents the release rates of methancl from the single
and double mechanircal seals tested. The results indicate that
the double mechanical seals controlled the methanel release rate
very well It should be noted, however, that the fluids being
pumped by these pumps did not contain pure methancl that was
pumped by the single mechanical seal pump. The concentration of
methanol ranged from 5 to 20 percent of the solution. The single
mechanical seal released a significantly higher amount of
methanol A small leak was apparent during sampling which in-

fluenced thas result,

TABLE &. METHANOL MASS LOADINGS RELEASED
FROM ENGINEERING CONTROLS

Tube Methanol Sampling Daily release
Source number mass, pg time, min rate, g/d
Distillation column 17 44.72 92 7.0 x 10 ¢
product pump _
double mechanical seal 21 64 77 138 68 x101¢
Absorber lower recycle 18 8.27 129 9.2 x 10 °
pump -
double mechanical seal 23 7.91 82 14x10*%
Methanol supply pump 46 /46h 53,740/25Q 129 ¢ 80
single mechanical seal 4d4/44n 63,743/713,434 133 D 83
49 /493 68,206/19,5&7 114 1 11

In conclusion, the double mechanical seals appear very effective
against leaks. The results from this survey indicate that the
double mechanical seals are as good or better than any of the

other seals tested 1n minimizing the release of methanol.
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10.4 FINAL CONCLUSIONS

The Celanese Chemical Company, Inc., Baishop, Texas, MO-2 unit and
related storage and shipping areas use work practices, engineering
controls, personal protective eguipment, and natural ventilation
to ensure that workers are not exposed to concentrations of
methanol that exceed the laimits imposed by OSHA. Samples collec-
ted from workers i1ndicate generally low exposure concentrations.
The engineering controls used appear to be very effective for

control of methanocl eXposure.
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Sampling of Formaldehyde in Air with Coated Solid Sorbent
and Determination by High Performance Liquid

Chromatography

Ronald K Beasley, Calhering E Hoffmann, Melyin L Rueppel, and Jimmy W. Worley*
FRosearch Departrmen, Monsanto Agncultura? Products Gornpany, 800 North Lindbargh Boulevard, St Lows, Mssourt 53166

A method lor lhe speciic determinafion of formaldehyde in
alr Is described  Formaldehyde i sampled whh sRica gel
cosled with 2 4-dinfirophenythydrazine The sorbent s ax-
bacted whh acetonitrite, and the hydrazont & detarmined by
reverse-phase HPLC with UV detection st 34D nm The meth-
od wai validated over the range of 2 5-91 3 g formaldehyde
{0 10-3 B ppm Tor w 20-L alr gpmple]  Average recovery was
834 partent, with a relative standard deviation of 0 04

Fotentinl cccupational exposure to iormaldehyde, s major
industrial chemicel worldeade, has been a senous concern
The concern 15 based on 1ts sigmificant wrmitant effects (1-3)

6%

and on its potential to react wath hvdrochlonc aoid o form
bis(chloromethyl) ether, s known caranagen (4] The concern
has intensified recently with the announcement by the
Chermica)] Industry Institute of Toxncology (5} that prehminan
results of 2 long-term mhalation study mdicate formaldehyde
IS & CArcInogen m rate

Many methods for the determination of formaldehyde o
air have been reported (2, 6-12), but none sliows convemert,
reluble, and specific measurement of personnel exposure We
now report & new solid sorbent procedure for formaldehyde
which pvercomes these probdems  The sorbent 1 silica ge!
enated with 2,4-dimtrophenylhydrazine Analyews of the re-
pulting hydrazene derivative 15 by HPLC with UV detection,
giving the desired speaifiaty  Humidity and storage effects



wre repotted, along wath the results of validation, field testing,
grd comparison with the widely used chromotropic and
ure

EXPERIMENTAL

Reagents Formaldehyde (37%), dimethy! formamade, und
hydrochlorc acid were Fisher Certified ACS grades  Acetominle
was Burdick & Jackson dmstilled-in-glass  Sihcs gel was from
Aldnch {Catalog No 21 441-8, Grade 15, 3560 meh)

Z24-Dinitrophenythydrazine (24-DNPH) was from Matheson,
Coleman, and Bell Aumhentsc formaidehyds hydrazone denvative
wes prepared by a hterature procedure (1.7}, and recrystallized
three tumes from ethanol mp, 164-165 *C (Iit. mp, 166 *C)

Certified paraformaldehyde permeation tubes were purchised
from Metromios Corporation o-Polyozymethylene [o-POM)
permestion tubes were prepared from o-POM supplhed to ¢ by
W M Havnes of the Environmental Analytical Seiences Cengar,
Mansanto Research Corporation, Dayton, Ohuo

Apparatus Portable sampling pumpa were Models P200 gnd
P00 from E 1 du Pont de Wempurs & Co, Inc

The HPLC system used was 8 Waters Madel 6000A pump, a
Rheodyne Model T0-1¢ injectson valve wath Model 70-11 loop filler
port and 50uL fixed volume Joop, & Waters Model 440 UV-vmyible
absorbance detertor fitted with & 340-nm wavelength kit, and a
Houston Instrument Ommseribe B-5000 recorder fitted with a
Spectrum 1021A filter and amplifier A Waters C,/Corast) puard
column was used with & Supeleco Supelrom] LC-8 {150 X 4 6 mm)
anafvtienl column

A Metronics Dynacalibrator Moda! 450 permeation system with
lgh temperature option was used

A General Eastern Model 400C relatrve humidity/ temperature
monitor was used |n the hequdity studies

Generation of Formaldehyde Standard Permeation tubes
of & POM wete prepared using 40 mg o-POM per em of active
tube lengthan '/ - o d Teflon tubing {1-mm wall thickneas)
Both the o-POM tubes and the purchased paraformaldehyde
tubes were used successfully ta generate o dynamice standard of
formaldehyde in mr, as judged by excellent correspondence of
weight logses with responses obtained by the preasnt sampling
and analytical procedure  The permeation chamber was held at
%8 °C for o POM and st 72 °C for paraformaldehyde Permtation
rales were 443 ngfmin/cm and 36 ng/min/cm, respectively

Preparation of 2,4-DNPH -Coated Silica Gel Very carsful
atiention must be given to the deteils of thi procedure to obtan
¢ packing of suitahle capacity and recovery For szample, the
mixture of 2,4-DNFH 10 DMF 1 unstable and must be used
quickly DMF 15 used becsuse of sts superior solvent propertiss

Bilica gel, 12 B g, 15 placed i & 100-mL. round bottom (RB) flask,
followed by 125 mL of 6§ N HCI DMF, 40 mL, s added to &
-mL valumetnc flask contaming 50g 24-DNPH  This mirture
i awizled 1015 5, quickly dikuted to the mark with additional
DMF, and 1mmediately poured through a glass woo! plug i s
funnel 1nto the flask contmining the sibea gel and HCl The
wolumetric Rask and glass wool are nnsed with an additional 5
al of DMF, which 1s also added to the RB flask The mixture
t ellawed to stand for 30 mn, with occasional swirling, before
wolation by vacyum filtration. The coated mbics gel may be rnsad
sparingly with DMF (2-3mL) Excessive washing wall result m
decreased capacity for formaldebyde It m Jeft on the filter paper
with continued suction for 1~2 min and then transferved guickly
to 2 100-mL RE flask It 15 dried under vervum at 55 *C for 1
b, with brief tumning every 10 mn Continuous turning, as on
A rolary evaparstor, was found to grind the particles too finely
and result 1 unacveptable back pressure in subsequent aiy pa-
Plog Much longer drying imes, as overmght, apparently rom-
1:?!1}' temove residual DMF and reault m decressed eollecthion

ll::'llncy

The stpaw yellow-eolored coatad sdica gal so obtamed i stored
1 & glass hottle contaitung & stopper of polypropylene of ather
$coeplable materia), Balelite caps must not be uned., s they wall
contaminate the coating The coatung normally w stable for at
:!:st 1 month but should be rechacked for quality every week or

Preparation of SBsmpling Tubes. The collection device

2glase tube 10cm ¥ f mp 1.4 % ',1n od, contmning a 300-mg 70

front section and 15-mg back-up section of the ooated sibch gt

Autddu b Lo wReEMD AT, VOO 52, HD 7, it 500 » 1111

oS Aiks

T 7T 11
D& & & 2 O

MINUTES

Figus 1 HALC chromatogram for injaciion of 4 & ug of fom-
aidahyde-2 4-ginirophenyhydrazons (equivalant 10 1 DB ppm form-
aljebiytie n akr, for n 20-L Ak sample)

The sthica gel 18 retainad at each end and the two sections are
separated by small plugs of glase wool It 1w useful to have a small
wndeniation i the glass tube brhund the back-up section 1o ensure
the packing 18 held i place during sample collection

Tubes prepared an descrebed here were found to have g pressure
drop of 75 1n H,O at & fow rate of 115 ml./min They have a
capatity of ~123 ug CH.O (5 ppm for & 20-L aur sample) before
sgruficant breskthrough occurs, regardiess of humidity

Air Sampling Sampling in the laboratory was done by
connecting one end of a samphing tube to the *Strenm Outlet”
of the Dynacalibrator vin a short length of /1. 0 d. Teflon tubing
and the other end 1o one of the Du Pont pumps Formaldehyde
loadngs were varied by time of collection with copstant per-
meation and flow rates. Typically, the output of the permeation
device was set for ~10 ppm and was “sarapled” at 100-200
mL/mm For studies where & full 70-L or more air sample was
desired but nat obtaned by this samphing procediire, the make-up
air wes obtamned from sddiions} “sampling * of 2ero sir supplied
by the Dynacaltbrator

For the humnidity studies, the additional At was humdified
by bubbling through a saturated solution of potagsium eulipta
(96-92% rolative humidity) ip an apparatus that was all glass
except for the probe of the humidity momtoring devics

Field samples in production tacilities were obtained using the
Du Pont pumpa A typical samphng rats was 110 mL/min For
field experiments with spiked tubes, the spike was applied to the
tube m the iaboratery umng the procedure deacribed shove

Analysis The front section of the eollection tube, 1ncluding
the front glasa wool plug, 1 tramsferyed to & 1-dram vial contatrung
2.0 mL acetonitrile The back-up section and the glass woal plug
that separates the two sections are treated aimilarly The vials
are stoppered wath polypropylene eaps (no Bakelite) and allowed
to stand overmght

For analysm, ~0 2 mL of the desorbng solution e ingected wto
the loop filler port to provide flushung and loading of the 50-uL
wyection volume The system also i (lushed wath CHyCN between
imjectsons  Mobile phase for the analyss s 85,35 (v/v) water/
acetonitrile, pamped at 2 0 mL;/min. Typical chromatograms are
akown 1 Figures 1-3

Quantitatign n this work was done by peak height using a
cahbration rurve generpted fram a series of standards contaumng
10-400 wg/ml authentic formaldehyde 2.4-dimtrophenyl-
hydrazone m acetomtnle {cottespondinig to ~0 1-4 6 ppra CH0
m air for a 20-L sample)

RESULTS AND DISCUSSION

Sampling for personnel exposure by trapping the substance
of interest on & solid sorbent has become a farly routine
practice {14} The mater:al is desorbed from the sorbent,
either thermally or with salvept, and sybsaquently determined
by vanous techiiques, often specifically Solid sorbent sam-
phng for personne! exposure 18 much preferable to hgquid
absorbing techmques because of potential reaks to the worker
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MINYTES
Figure 2 HPLT chromalogram lor myection of sample rasuitng from
collaction of 122 pg of tormaldehyde (4 06 ppm ior 2 20-L sampla)

o & 2 4-DNPH costed silCa pel tube S Gescnbed in the Expermmantal
secton

053 AcFs

_,_/UJA

IIIIT'IJ
w3 0 8 § 4

MiNUTES
Figure 3 HPLG ctvomatogram lor & feld sarmgte at g kocation whers

fomalkdehyde s used as B raw Matera! The sample was Sotermmad
¢ rapresan! § 85 ppm formakiehycs In air

posed by glass \mpingers contaimng various hguids

Unfortunately, the solid sorbent techmique 15 often dfTicult
10 do with hughly reactive molecules The matenal mey not
meintam ite chemical integrity during sampling or subsequent
glorage prior to analysis ]t may exidize, hydrolyze, polym-
enze, or undergo other transformations Wood and Anderson
(7-10) screened many sold sorbents for sampling form-
aldehyde and found none entirely suitable for formaldshyde
retention at lugh hurmidity levels Finally, alumina was chosen,
but it ¢ould be uzed for only 8 30-min sampling perod and
had to be desorbed immediately to prevent poor recovery

A logical approach for formaldehyde and other reactrve
molecules then & to coat the solid sorbent with some matanal
which wall either moderate the reacowty or else take advantage
of 1t and direct it toward stable products which can be readily
desorbed and enalvzed, and whach are as specifically indicative
of the onnnal substance of interest as pessible  This approach
mey also help with ihe problem of low sorbent capacity that
iz observed pften wath small molecules
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Hurley and Ketcham (15) apphed thus approach to acvolern,
which was sampled with charcoal treated with hydroquancge
O method (16} for chloroacety] chlonde i et 15 related Tha
scid chlonde 35 trapped on silice ge! and determned by won
chromstography as s hydrolysi products, monochloroacetats
and chlonde Here the "denvatinng” agent 15 water, which
has & hugh affinity for sihca gel

Kumn, Geraci, and Kupel {11) recently reported a sohd
sorhent procedure for formatdehyde which utilizes this con-
cept. Formaldehyde s sampled on charcoal impregnated with
an oxidizing sgeni, proprietary to Barneby-Cheney Co The
reactive formaldehyde 15 oxidized to the more stable formate
species, which 18 subsequently desorbed and determuned by
ton chromatography This 18 8 mgmificant improvement over
previous methods, but 1L 18 not completely specifie for form-
aldehyde, and it may not be reacdily exirapolatable to othey
aldehydes and certainly not to ketones

Use of the coated sobid sorbent approach for formaldehyde
works well in the present epse 2. 4-Dinitrophenythydranioe
gives a stable dervative which may be determined with pood
sensitivity by HPLC

Samphing The key to the present work 15 the successful
preparation of 24-DNPH-coated sorbent of snstable capaerty,
collection efficiency, and denvative recovery  Vanous sorbents,
mchading alumina, molecular seves, and Ambersorb XE-347,
were mmvestgated before selecting sibiea gel  DMF was pelectad
as the best aolvent for 24-DNPH, slihough sgmificant
problems with mstability of the 2,4-DNFPH-DMF muzture had
io be overcome Approximately 20 experiments were done
to define the best sequence and timing of operations  Several
key points were identified One of these was the necessity
of having HCl in the preparstion, possibly esther to catalvze
the reaction of 24-DNPH wnth CH.Q or to activale the mblica
gel surface Coated polid sorbent prepared sathout HCL gave
resulis 11% lower than those where HC] was used The
relative decrease was constant over & 20-fold range of form-
atdehyde loading, indicating ¢t was due to decreased collection
efficiency and not to decreased capacity  More stnking was
the effect of order of addition of reggents  Sorbent prepared
in which the 24-DNFPH was dissolved first 1o HC), to preform
the hydrochlonde sakt, followed by DMF, had a 40% decrease
in collection effiency Thas result 18 not well underatood rt
maey have to do wath wetting of the silica gel The procedure
as defined 1n the Experunental seclion hes been found o
reproducibly give coated silica gel with a good collection ¢f-
Hieiency, capacty for ~5 ppm formaidehyde {for 5 20-L wr
sample), and derwvattve recovery gregter than 90% However,
every batch of coated sibee gel should be checked m the
laboratory to ensure quality before its use for field samphing

The choice of aceloritnile for desorbing solvent gives good
recovery of the formaldehyde derivative and 15 highly com-
patihle with the mobile phase in the subsequent HPLL
analyae

Analysis Several reports {6, I7, 18) have appeared pre
viously on hugh performance higuid chromatography of 24-
dmnitrophenythydrazones, including one (5} apecfically for
determiming nidehydes 1n wr using impingers contaimng
24-DNPH Detection was by UV at 254, 336, or 340 nm

In our hands, the chromatography was streightiorward At
the levels of interest, we encountered significant background
problems ai 254 nm  These were not present at 340 nm

A typical chromatogram for authentic formaldehyde 24-
dmiirophenylhydrazone 15 shown m Fygure 1 The natore o
the amall ahoulder on the back mde of the hydrazone s not
known, but 1t was reproducible and aleo was observed 1
samples from the trapping of lahoratory-generated standard
formeldehyde or field samples with the 2,4-DNTH-coated
silica gel tubes {Figures 2 and 3} That 1t 15 observed with
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Teble I Results for Validstion of Formaldehyds Method
CH,Owmr CH,0
conen . found, %
ppm* FEmM®  recovery RSD*
009 008 €5 0 0001
044 D 42 95 0042
103 100 87 0034
204 189 93 0 0dB
378 361 96 G40

* Based on & 20 L ar sample. Amgunt based on weight
s of permeation tube and time of Tollection at con-
sldnt rate Average of sx samples  Measutemenis
were tesied Tor outhers by Grubbs' tesi (I8, 20) st the
39% conlidence level ¢ Pooling of the individuadl RSDe
poes the result of ¢ D37 with a x2 value from Bartlett's
test {19 21)of 49 50 Omiting the R5D at the 0 (9
ppm level resalis in 2 pooled RSD of O 041, with x* of
0 62 (critical values for x* st the O D1 lsvel are 13 2B for
four degrees of [reedom and 11 34 for three degrees of
[reedom)

suthentic hvdrazone indscates it s not relsted to the 2,4-
DNPH-DMF mstatubty problem  Its relative retention
changes depending on the particular HPLC ¢column used A
W aters Assoriates p-Bondapsk C5 column was found to pve
a single sharp pesk wi1h no shoulder Use of a Zorbax QDS
calumnp (Du Pont) resulted 1n a smell shoulder op the front
nde of the mamn peak

A smal! background peak, squuvalent to ~008 ppm CH,O
for 8 20-L eir sample, was routinely present m “blank samples
prepared 1n the lnboratory  One source of contarnination that
wgs obsenved and should be avoided 1s Bakelite bottle caps
Bakehte, of course, 15 a polymer prepared from formaldehyde
and phenol Apparently enough (ree formatdehyde 11 avplable
to cause & low level background

Validetion The method was laboratory velidated by
generating $lx samples et each of five levels, equivalent to
¢1-3 & ppm formaldehyde for g 20-L gir sample  The results
arr summartzed in Table I  Average tecovery was 94% The
pocled coefficient of vanation, or relative standard deviation,
was (04 Precision at the lowest level js probably artficuatly
§od due to the inadequecy of the pegk height measurement
atibis level A Linear regression of formaldehyde expected
vs found showed excellent correlation, with a slope of 085
and an intercept of -0 01 ppm

The back-up sections of ali validation samples were analyzed
aiss No breakthrough was cbserved

Huomuduy Btudies For uncosted solid sorbents, where
the collection 16 clearly by an adsorption process, incressed
bumidity generally results in an increase in breakthrough For
formeldehyde particularly (7-10), this was noted to be a
sgnificant problem  Possible humadity effects m the present
ctse were studied by examining both breakthrough and re-
tovery of formaldehyde spikes on 24-DNFH-coated sibica ge!
tubes that were used 1o “sample™ 20 L of ar ut 56-98%
1lstrve humidty

The spike 1n all cases was equevalent to 4 ppm formaldehyde
and was apphed by the permeation device either before any
ar was sampled or after 5 of the 20 L had been sampled The
Intter case allowed the sorbent to be sommewhat preconditioned
1 any potential effects of the hugh humdity

No breekthrough mio back-up sections was obaerved, and
zeroveries of formaldehyde or the derivative, either ymme-
diaely after sampling o after five days’ storage, were within
E:s siatistical hmits of the validation results, With no apparent.

Btorage Effects. Often it 1s not practscal to analyze or
®ven to desorb a satnple for several days, particularly if the
Bmple s being shupped off-site for analysis In some cases
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this results i mgrificant sample loss or, particularly m the”
case of volabile compounds, mgnificant migration of sample
to the back-up section, resulting in a false indication of
breskthrough

In the present case, storage studies indicated that snmples
should be desorbed within 1-2 daye for maximum recoveries
Losses up to0 30% can cocur after 5 days The resulting de-
sorbed mrxtures are stable for some bme Recovery of farm-
aldehyde was unchanged for up to 20 days for refrigerated
desorbed solution from whach the glass wnol and silica gel were
removed after one day and for ai leest mpe davs if the gless
wob! and slica gel were not removed

Fld Tests The performance of this method was evelo-
ated 1n several Lests at three industrial locations where form-
aldehyde 15 used as & raw material in two wadely different
processez and where a great diversity aof other chemical pro-
ceoses are 1n operation neatby  Approximately 75 samples
were Laken No sampling or analytical problems were ob-
served Mo breakthrough mnto a back-up section was lound
The largest loading was 108 xg formaidehyde, obtained over
a period of 30 h st 113 mL/mun (ambient temperature, ~32
*C, relative humidity, 53%)

Some additional field results are djscussed m the next
sethin

Comparison to Chromotropic Acid Procedure The
most widely used procedure for formaldehyde mm axr 15 col-
lection of sarnple in an impinger of water and subsequent
speciraphotometnic determination using the chromotropic acid
procedure (J2) In addition to the veual disadvantages of
unpinging methods, the chromatropic and procedure has long
been recogmized to be subject to many mierferences We
compared the new conted solid porbent procedure with the
chromotropic ecid method and found that the new procedure
gives higher results both in the laboratory and m the field
Furthermore, the solid sorbent result mppears to be the
“cortect” AnRWeT

In the [aboratory, water-contaming impingers were used to
collect standard formaldehyde vapor from the permeation
devige Subseguent determination was done with chromo-
tropic acud, with calibration based on formalmn solution whose
concentration had been determined by titration with 10dine
These results often were 15-30% lower thar those from
comparable samples using the 2 4-BNPH-coated mbica gel
tubes, with calibration based on authentic hydrazone derv-
ative The hydrazone results agreed expctly with calculated
results based on wewght loss from the permention tube As
an additional cross-check, the formalin sojufion also was de-
termined using 2,4-DNPH and HPLC  This result and the
rwdine tatration resull were identical

The lower results wilh the impmmgers are not due to poor
ecllechon efficiency o to sample stability, since formaldehyde
levels did not decrease when up to 56 L of air were passed
through the system over 3 h at temperatures up to 4% °C,

The discrepancy between the two methods was checked
further un the field tests  Results from the chramotropic acd
procedure were 27-28% lower than those from the coated
silic sorbent method

The results from one field study are shown mn Table Il
Four sohd sorbent tubes ang four impmger assemblies were
sel ut the seme sampling location The vanous devicss were
within a few inches of each other but the sampling mlets were
pot m nbimate contact. The meen of the sohd sorbent resulta
was 2 2 ppm, with a standard deviation of 0 3 ppmy The mean
of the tmpinger results was I 6 ppmt, with a stenderd deviation
of 02 ppm An unpeired T test showed that these results were
atatistically different at the 85% confidence level

The results of another fisld test using both smked and
nongpked sohd sorbent tubes and smpangers are ehown iy

&
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Table I  Hesults of Prraliel Freld Textn Unng
2.4 DNPH Cozted Sihca Gel® and Water Impingem?

formaldehyde found, ppm

rephcate
no from coated gel from 'mpinger
1 24 17
2 19 1%
3 19 14
‘ 24 14
X=2%,0=03 Y¥~16c=02

4 Samiples analy 2ed by the HPLC method desenbed in
the Expenimental section ¥ Sumples analyzed by the
chromotropic acid procedurs {12)

Table 111 Resulis of Field Testa Using Both Spiked and
Unapiked Collection Devices

amhbent

CH,OD

concn

total  {total

no of CH,&}) CH,0 mmuz

sim- epiked, found, smiked)

sample (ype ples  ppm  ppm pim

coatad alies gel 3 BT 178 080
enated sihiea gel 2 L) o &7 087
mnpinger 3 070 140 Q65
impLoger 3 a0 0 66 D66

Table I In this test, the spiking amount was forturtously
almopst 1dentical to the ambent formaldehyde concentration
oheerved Good spike recovery was observed The impinger
results were 28% lower than m the solhd sorbent results

After completion of this work a similar method, using GC
analysis and XAD-2 resin coated with 2 4-dinitrophenyl-
hydrazine, was reported (22)
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the hydrazone sheulder on ddferent HPLC columne
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For-alde~vde S&arrli~o Procedures:

i)

2}

ral
e

The sarpline tubes should be placed an a vertiacal posation duraing sarzling
to manarize possable chennelang through the tubes,

Tne tubes lébelled “Blank™ and "Spiked Blank" should be placed, witn end
caps o=, 1n the area sampling 1% taking place. These tubes are for cuzlaty

Corirol puIpbses.

Tw¢ tubes, one “Spiked” ané one wnsoaked, should be used to sample tne
area s_multznes.sly under the same conditions.

Tne unspihec tume sa~pled along side the "spiked" tube an Ster ®3 snouléd
be rroperly idertified. .

ank" ture gnd "Scake" tupe as in Steps §2 and £3 should be used eacr
ang day ir t4me menner previously descraibed.

Flezse keep tne =amrling tubes refrigerated when not in use to enhance tne
stabxlzty of t9e packing.

Tne paching materapl ain the sampling tubes 1s stable for two weeks only
Tnerefiore, prowct sarmpling and anplysis 1§ important.
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Methyl Alcohel

i
Aralyte:* Methvl Alecohol Metnod KNe. 9
Marrin: Alz Renge: 140-540 rgfeu
0S¥4 Standecxd 200 ppr (260 m2fcu m) Precision (Eﬁ}): 2L
Procecure Adsorptior on siliza gel, Velagetraen Date, 171775
desorption with water,
GC
1. Prirciple of the Method

1.1

.2

1.3

1.4

A known veplure of air is drawn through & silica gel tube to trep
the organic vapoers present.

The silica gel in the tube is trensferred to a szell) stoppered
szrrle container end the analvte is deserbed with water.

An aliquor of the cecrrbec semple is irjected into & pes
crhrocatcgraph.

Tne _area of the resulring pesk ic determired znd corparec wits
ireas obtzlned frez te inmjeciion of stancarés.

Rzrpe zofd Sersitavity

2

Thze method was val:deted over the rerge of 140-340 mprou -

£ an atmospheric temperature ané pressure of 23 € anc 7ub ox
g, vsing a nominal 3~liter sample. Unper the conditiens el
sexple size (5 li:zers) the pronable ravce of this method ie
15-900 mgfcu = at a2 fetecter sensitivity that gaives nearly full
deflection on the strip chart recorder for 2z 4-op semple,

The method is capable ¢f measuring much soaller amounts If the
desorption efficiercy 15 adeguate. Desorpition efflciency must
be determined over the renge used.

The wpper limit of tne rarge pf the wetnod 1§ ceDenuent or ire
adsorptive capaclty of tne silica gel tuse. Tnis czbataty varies
with the concentratics o =he aneglvie zne ct*er subetarees i+

tne 2ir. The farst sectipn of the s2zl:ce gel tobe was Sourns

to hold 5.6 pg of the anelvie whern & test atmospheTre pf 540
refeu m pf the analvte 1n dry air was sanpled ar 0.2 laters pet
minute for 52 minutes. Breakthrougs occurred at tris time,
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i.e., the conzentration of the analyte in the effluent was 5% ef
that in the inflvent. (Tne silica gal tube consists of twe
cactions of silize gel sevzrated by a section of urethane foanm,
See Section 6.2.) If a parzicular etmosphere fs suspected of
conteirirg & large amount of contawinant, a smaller sampling

volume shouvld be teken.

Interferénce

3.1 Wher the ameunt of water in the air s so grest that condensa-
tion =ctually eccurs in the tube, orgenic vapors will not be
trapped efficiently.

When twe oY more compeunds are Known or suspected to be present
in tne exr, such informerior, ivftcluding their suspected dderti-
ties, srculd be trenscitied with the sample.

[
n
k2

3.3 It wust be erphasized thz:r ary compound which has the same re-
tenticr tite as the sperific compoumnd under study at the eperatiing
condizacns described dn thies method 15 an Interference. Retertien
tice data or & single gclumn canneot be considered as proof of
ehericel ifentity.

3.4 If the possibility of Anterferente exists, separation condi-
tiocns (column packing, terocerature, ete.) wust be chenged to
circumvent the problem.

Precision and AccuTacy

4 1 The Coeificient of Varietio= (CV.) for the tetzl znelvtical and
sgmeling method in the rznge of Iﬁﬂ to 540 mg/ew m was 0.063. Tris
value rorresponds to 2 standard deviarzion of 16.5 mp/cu m 8t the
05%% stancard level. Sratistical anformatior erd dets:ls of the
valiogation and experimentzl test proceaures gar be found in
Referance 11.2.

4,2 The gverage velues obtezinec using the overall sempling and
=~alytical method were E.9° lower than the "true” value at tne
DEXA stendard level,

4.3 The above dataz sre besed or validaticn experiments using the
internal stancard methpd. (Reference 11.2)

dcvantepes gnd Disadventages of the Methed

5.1 The pazpling device is emzll, portable, and involves ne ligulcs.
Interferences are minimsel, and most of those whicn ao oceur can
be elimivares by gltering chromatogrenhic conditiens. The
tubes are enslyzed bv means of a ouvlcd, instrupentsl mezhod,

Tre rpetheo ecar also be use? for the simultanesus enzlysis ef wo
oY more compounds suspecte:z to be present in the same serple By
gimply changing ges chromatographic conditions from isotbhermal to
A8 tevperature-programmed mode of pperation.
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5.7

Cne diszcevantape of the methed 15 that the amoent of szople whach

can be taken as limited by the tumber of m:lligra-s thet the

tube will held before pverloading. When tne sanpie value cbtainec
fer the bachun section pf the silice gel tube enceeds 23% of thet

found on the front sectien, the poesibility of sexple less exists

Fortnermere, the precision of the mettod Is limited by the re-
producibility of the pregsure drop across the tupes. Tnas cdrop
w311 gffect the flow rete =nd cauvse the volume Lo be 1™2recise,
because the pump is wsuaily celibreted for ome tude orl'.

EoCaTaTJS

1

1 % e
£ 1 { tn_l“.:tee JeTs sonzl sg=wli-g pomp wrpse f-c ez~ be geterrinec
accuratelw (z3V) 2t the veco~reroed flov rate, R:zfere=ze 13.2)
-
€ 2 Silica pel ribes: plass tube witr both encs ilz-e cezled, T cor
lorg with 2 6=cr 0.0, ane & 4-v— I.D., CONTEILINE . feCTiDTE
¢f 20/40 resh silice gel seszreced br a Zemr Testic- o Lret-sse
- .
foem *1e ebsorbing seczion contains 100 BE of si_lce el
tne backuv section 50 mp. A J-wm por*in- of vretre-me feoer
is vlaced between Ine cutler erd pf the tube arc =-2 cepou-
section. A plug of silviated glass wesl 4c p4=c.- i from: of
1 —
the atsorbing section. The Fressure drop ACICES Ine fung —ust
be less tnen one iach of mercurv 2t a flow rate :f 1 1_ter pex
winute.
S - ~ - ~
6.3 Gar chromatograph ecuipped itr & flame ionzztic- cetector.
“.& Column (10-ft x 1/B-in. steinless steel) packer wit~ 10T TFAP on
80/100 Chromosorb W-AK.
£ 3 4r elecrwzaic irtegrator or so~e other suireltlie =¢--cec Sor derer-
TININE teek s1ze areszg,
£ - - -
£ £ Tw?—m;l :1liter glass serrvie comrteimers witn E-ESE SICDDEYS OF
- Fl
Te:l?n ~iZnel eepe. If gn autcmalic semole injecicr is usec, the
$a%ple anjecior viels cea be usec,
bt M e - . - -
67 Ji:ro‘iter syringes: 10-_1, end other convenient gizes for making
stendardgs,
6 £ Pivets  1.0-ml delivery tvpe.
6.9 Voluretric flasks 10 =7 or converiert eizes for mal1TE
stendard spolurienc.
Reagernte

Tluent: Disrilled water.
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vermil 2leehel (reapent grade).

L3

Purifaie2 nitTopen.

=1
Led

PrepLT if;ed"hvdragen.

=~
1~

T 5 Tilterec ctombrecssed alr,

Trocedure
ZThcecutE

£ 1 Cleami-p of Equipment. 211 glasswvare vsed feor the leberator
a~alvsis snould be oetergent wasned and thorouphly rinsed with
tap water avrcs Glstallec weler,

E 2 Ca.ibvataicn of Perscngl Fu-os Tzoh persorel DomT most be cali-
hretel vitn & revresentziive gilice gel tuhe m toe line  This
well mi-frize errors sssecizatec with uncertaintzec 1n tre sa=ple
roluze collecced.

i

v Ceollectiom zmc E-ipping of Saz<ples

E -z Ircecaately befcre ge~nling, break the erds ¢f the tube
2o crovide anm coe-irng £z least one=helf the inte.nal
drameter pf the tuse (2 mml.

£.3 2 Tre smaller section o©f silica gel 1s used as a bacl-up
g~ =noLld ke nocitacwed nearest the sanoplirg pump

B.3.3 Tne silica gel tube s-oolic be places an s vertacel dirertior
€.7ding sarpling te cimizlze channeling threip™ the
siliza gel.

£ 2.4 Efy Sei-; gamplec swo.lc net be passed t¥rougr anv hese
T t.tig before e~terirg tre silice pen tvhe

E.3.% +t =pamu= sample sire o2 5 liters Is receomrme-cec,
z-p.e &1 a flow of 0.I0 liters per Tir.te cr less

- los TAte £MCelc bE Kmown with 2a eccuracy of gt
al

T
F ]

£.3 %4 Tmne terperature en: pressuré of rthe atmospnere beirg
sazp.ed should be recerced. If the pressure reesirg 1s
rot available tne elevaticon should be recordec

£.3.7 The silica gel tiher g»col? be cepoec Wiz rae sozoliec

rtlastic caps immeciztely sfter sampiitp. Lrcer tce
Larc.mStances sMO-.z TLDDET Caps be uses
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£.3.9

One tube shpwld be nandled ir the s2be marner &s the
semple tube (brezh, sezl, anc transport), except the:
ne £2T is sa=~pled through this tube. This tube should
be ladeled &s a2 bBlenk.

Caprez tubes shoule be vacked tightly and paoded befere

thev gre shipred to minirize tube breskage during shipping.

A sz=sle of tre suspected compound should be subritrred

tc the labpratory in gless containers with Tedlon -lipec

ceps  These liguis bule sarples shoulé met e trans-
porred im tne same container 8s the silica pel tubes,

Analvgis of Sarples

£ 4

1

B.4.2

La¥

Frecaration of Sarples. In preperatiom fer analive:is,
ear™ £ilira pel ture is scored with & file 2~ front ef
the first secticn ¢f sllica gel ané broken open, The
gless wool is remevec znd daiscarded. Tre s2lica gel I-
tne farst (larger) section 1is transferrec to & 2-ml
stoporered semplie container OY AuUtLmATIL sample injecter
vizl. The separating section of foar 1s reroved and
discerded; the second section is transferrec to another
sanple contaimer or vizl. Tnese two sections &re
analyzed separatelv.

Descrprion aof Samples. Pricr to anzlvs:s, 1.0 ml of
diszilled water is piperted into eacn sarple container.
Desprprion should be done for &4 hours. Tests indicate
that this 1ip adevuate if the sample is agitaced
oceasionally durine this peried. The secple vials
should be cavped 85 soon as the water is added to
riri=ize evavorstior.

£" Conditions. Tre tvolcel operatirsg cerdztrens for
gee chrometopraph are

1. 30 rlfwan (&0 ps:p) nitropen carrier szt flow.

2., X0 rl/zin {30 psip) bvdropen ges Ilc. tc cetector.
3 300 nl/min (50 vsie) air flow to detecter

4. 20C C injecter tercerature.

3. 30" C manifelc terverature (detector).

£. 80 C colus~ te-pera:t.re.
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g.3

8.4.4

PQLIS

Iriection. The first srep in rhe enelysis i5 the ip-
jection of the serple inic the gas chromatogreph. Te
elirnate difficulties arising from blow back or dis-
tillazicn within the syringe needle, one shoula ezpley
the splvent flush injection technique, The 10-21
gvrinpe 15 fiver flushed with eclvent several times to
wet the berrel end plunger. Three micreliters of sclvent
are crawn into the svringe to increase the securacy and
revroducibilicy of the injected sample volume. Tre
needle s reroved fror tne solvent, and the piunger 1S
pulled back about (2 11 to separate the sclvert flush
froc the sample with g vocket of air to be use: as &
rarker. The needle is thern icmersed in the sc—vle, Bnc
8 5~.1 aliqust 4s vithdrawn, tasking into comsiderstico
the volume of the neecle, since the sanple in tne neecle
will be completely injected. After the needle 2t re-
moved Irc~ the sample anc prior to injection, tne
plunger is pulled back 1.2 11 to mindoize evaccraticr of
the semple from the tip cf the needle. Observe that

the sarple occupies 4.9~5.0 pl in the barrel ef che
svringe. Duplicate injections of each sazmple gnd
stzncard should be made. WNo more than e 3% difference
in area iz to be expectec.

An automatic semple Injecter can be used 1f it 1s shown
to Rive repreducibility et leest a5 geod as the solven
flust technigue.

Measurement of grea. Tne zrez o»f the serple pezh is
measired by an electronic irtegrater or some oiTer
gvitable forr of eres mwessarerent, and preli~ainer re-
sLlts are read fror & standsrd CUTVE Preparec s& cCle-
eusse: belew [see Secrion 9).

Determingsicon of Desorption Efficiency

E.5.1

E.5.2

Irportarce ©f deterrinatisn. The desorption efficzency
of & varticular ¢ompound canh vary from one laberatery
te encther and zlsc fror ome batch of silice gel to
enother. Thus, iz ie necessary to determine et least
once tne percentage of tre specific compound toser is
removes in the desorpiion process.

Procefure for deter—ining ceserprien effacdenev, S:lica
gel ecvivalent teo rhe grounst in the first section cof

the sz-pling tube (100 mg) is measired irte a 2 (-t
sarpleg conteiner. This silica pel must be the Eane
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Cel-tr

trpe as that usel 1o cbizining the sa~ples and can

be pbreined fro- unvsed silics gel tubes. A kaovn 2mount
of tne gnglvte :s5 f-jected cirecily dirto the salice pel
w‘t" g 10~_1 gringe, and t-e zonteiner is casoes. The
emount Irlectec is ec.ivcle~t to tnal present ir & 5-
liter samole 2t tre selectec level.

A% leest si- tubes at each of tnree levels {0.53, Ik, and
2X the stz-czzc) Bre Dreveres Ir Iris rarner znd ellowed
o stemc for 2t lezst over-iign: tT AESuLTE CoTrplere BDEDEP-
ticr ef tne eralvie onto the silice gel. These Sin tubes
5 tae szmoles oarzlliel blam: tude

.
I

€-2L1d he trezter ir the sarme menyer encedt fiet v saCple

it anced o 41, The sa==le £n: tlark tupeE EZTe DeESTIec

g-d 2nelrzer am g.aztly the sers zarner 25 the B&Tplicg

tube descrioed - Sectic= 8.2,

Ine welight oF Ivte foord a7 z3cn tune 18 Ceter ined
from the gTa-‘sr- carve vGeerTis- B, Descveticn efficierncy
is gererTiter v the follovamp eQuetsion”

bverape Waigat recnvered

(=23
Weignt (=g} &c

The descropt-o~ efficienc> is degercent nn the a=-ount of
gnalvte ccliectec on the silica gel. Plet the descrpliiom
efficlency vers.s tne weighr of ene lvte founcd, Trnacs
. turve is usez zn Seccien AD.4 to correct for acscrprace
lnssec,

gTxc= gnc Standzres

Tt Lr ez-venlent tC exrress sz-centreticr ¢f stizndsres in oterts of

—p/=_ ol el e-* L egyileg pf ctgmoarTef. 'vgv LTl - zentertretoCn IDleY

“te Temi& CI ariteregt, Ef TreceiTed Bri ETELTIEC LTCET tTe gzel Ol

Ce=z:t:om§ 3=z CLIARE T'¢& ®Eg—g Ti=@ BEYLLI 23 LTE WM ATDVT gEmToES

T_v-ee zre estatlister v plgIzing cec-certratisms irompfrloagorsas

DEEr ETEZ.

‘eve Cezrzgre sploTipms sneoic »¢ znglvrec £7 tne sa%e tite TTaEt

t-e =zz=cle snElvels dis grae. Tais will miravoze the €ifect ~ziietien

cf T2 vesconce,

-&lc.leziens

210 - Tzeo tre wesgmts, ir gD, COYYESTOTILTR IO BEIT pBIN EVEE (ETEC
TiTif 2™ g&ge €7 tte .rrer~al stercerc —eitoc) JrIef tt:
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10.2

10.3

10.4

10.5

10.¢6

standard ¢curve, No volume corrections are needed, because
the stancard curve is based on mg/ml eluent and the volume of
sample injected is identicel te the wveolume of the standards

infected,

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

vhere-

mg sample = mg found in front section oi Eacple tube

mg blark = mg found in front sectfon of blamk tube

A sirilar procedure is followed for the beckup sections.

AdZ the weiphts present in the front enc bacrup sections of the
Bame satole tube to deternine the totel weipght 4in the sample.

Read the desorption efficiency from the curve (Section §.3.2)
for the amount of analvte found in the fromt sectien. Divide
the total weight by this desorption efficiency to obtein the

cerrected mg/sample.

Corrected mgfsample = Totaé geight

The concentration of anzlvie In the ailr sampled cas be expressed
in =g per cu m, which is numerically egual to ug ver liter of
rir

Corrected rg (Sectien 10.4) x 1003 (Yiterfeu m)
Alr Telume Sampled {i:iter)

ng/eu & =

Ancther vethod of expresgeing concentration Is ppmi

_ 24,45 780 _ T + 273
PP = mg/cu B x W X T3 X T 753

where.
? = pressure (mm Hg) of air sampled
T = temperature (C) ef a2ir szmpled
24.45 = molar volume (liter/mole) at 25 C and 760 == Hg
MV = rolecular weight (g/mole) of analyte
760 = standsrd pressure (mm Hg)
29f = standard temperzture (X)

82





