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adjusted vclume

Area sample

BDL

breakthrough

BZH

catch basin

CIH

consecutive sampling
periods

controlled exposure

CTA

dike

GLOSSARY OF TERMS

the velume pf the sample corrected to
standard temperature and pressure

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

below the detection limit

the possible overloading of a sample with
contaminant, resulting in the possibil=
i1ty of sample Joss, reported when con-
taminant mass i1n the back secticon of a
sample tube 15 greater than 25% of that
found 1n the front section

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

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

certified industrial hygienist

the combination of twoc or more successive
lengths of sampling time resulting from
two or more respective a1r samples

a contaminant exposure that is regulated
by engineering, administrative, or work
practice controls. Normally indicates
an exposure egual to cor below accepted
OSHA standards.

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

an embankment or wall to contrel potential
Jaguid spi1lls

V1lll



double mechanical

seal

engineering
controls

EEA

exposure

face velocity

termaiin
fpm

GC

apm

GTI

HCHO

IH

L

long~term exposure

long~term sample

long-term task

MeCH

min

GLOSSARY OF TERMS {continued)

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

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

Environmental Protection Agency

respiratory, eve, or skin contact with a
contaminant

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

formaldehyde solution

feet per minute

gas chromatograph

gallons per minute

GEQMET Techioclogies, Inc., Rockville, MD
chemical formula for formaldehyde
1ndustrial hygiene

liter

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

ccllection of contamiant occurring during
a long-term task

an operation or worker activity that re-
quires an extended period of time to
complete, usually a full work shift
symbol used for methancl

mintute

ix



GLOSSARY 0OQF TERMS (continued)

mL

Mo

-
e

MEC

WA

ND

NIOEH

rnonexcesslve eXposilre

O5HA

O5HA HCHO STEL

O5HA HCHO TWA PEL

OSHE MeOH TwWA PEL

packed seal

PEL

personal sample

milliliterxr
methanol oxidation
Mansanto Research Corporation, Dayton, OH

not analyzed due to uncontrolled
clrcumstances

not detected; no indication of compound
found during analysis

National Institute for Occupational Safety
and Health

contact with contaminant that does not
exceed the OSHA regulation

Occupational Safety and Health Act

the concentration of RCHO which should
not be exceeded even instantaneously,
whaich 15 5 ppm

the time-weilghted average concentration
of formaldehyde which should not be
axceeded 1n an 8-hour work shift of a
40-hour work week - limit 15 3 ppm

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

an engineering control used to control
emissions from nonstationary equipment
parts. Normally consists of material
within a packing gland that sealis po-
tential leaks when compressed

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

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



GLOSSARY OF TERMS (continued)

ppe

bpm
short-term exposure

short-term sample

short-term task

single mechanical seal

source sample

standard conditicns

STEL

prel:minary industrial hygiene survey; an
in-plant survey conducted in order to
gain approximate information on worker
eXposure, work practices, e€nglneering
centrols, process fleow, and the plant
gafety and health program

personal protective equipment; eguipment
worn by a worker, as a resplirater, used
to prevent potential woerker 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 pperation or specific worker activity,
the duration of which ais part of a full
work shift. The duration ¢of the fask
normally ranges from 10 minutes to
2 hours.

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

an air sample taken at a fixed location
within an artificially 1sclated area of
an engineering control device. Used to
estimate the expected release rate from
that device.

temperature and pressure cond:iticns to
which the wolume of all samples 1s
adjusted so as to allow sample con-
centratiron comparison. Conditions used
were 20°C (68°F) and 760 mmMg (29.92
m. Hg}

short term exposure limit; a short-term

concentration limit set for contaminant
eXposure

X1l



CLOSSARY OF TERMS (continued)

TWA time-welghted averadge, the average conh-
centration of a gsample or a set of con-
secutive samples, welghted by the time
sampled

walk through survey & preliminary industrial hygiene survey

X111



1. INTRODUCTION

This detailed i1ndustrial hygiene survey report describes cne five-
day and cne three=day survey conducted at the DuPont formaldehyde
preducticen unit in Linden, New Jersey. This plant uses a si1lver
oxide catalyst to convert methancl to formaldehyde at a rated
capacity of 160 million pounds of formaldehyde per year. The
plant was selected for detailed study based on 1ts good engineer-
ing controls and ability to control worker exposure to formalde-
hyde and methanol.

1.1 FLANT PERSONNEL CONTACTED

The plant surveys described in this report were carried out by
perscnnel from Monsanto Research Corporation {MRC) and Geomet
Technolegies, Inc. (GTI) on October 25-29, 1982 and June 13-18,
1933 The October 1982 survey was conducted by Glen Barrett, CIH
(GT1) and David Dunn, Harlan Tey, and Leroy Holmes (MRC). The
June 1983 survey was conducted by Glen Barrett, CIH (GTI)} and
David bunn and Arthur Wright (MRC). Personnel centacted duraing
the visits included Harry W. McDowell, Safety, Health, and
Envirommental Manager for the plant; Robert Mansfeld. plant
laboratory supervasor; and Jochn Gurley, senior superviscr feor

the production unit The environments of several of the workers
under Mr. Gurley's supervision were sampled for formaldehyde and
methanel during the survey. 5ide-by-side sampling was conducted
by Dufont personnel when MRC personnel took most ©f their samples.

1.2 SUMMARY OF ACTIVITY

The team met with plant personnel on COctober 25, 1982 and on

June 13, 1983 to discuss the objectives of the survey and the
activities to he done to pursue these objectaives. Coordination
of sampling activities was also discussed. A short walk-through
of the production unit was made to acquaint the survey team with
the formaldehyde production area. During the first visit the base
of operatieons was set up 1n a corner of the contrel rcom. During
the second visit the base of operations was set up i1n a control
laboratory remote to the formaldehyde production area to minimize
the chances of sample contamination. All equipment was checked,
including pump calibration.

During the first vasit, industrial hygiene sampling began on the
day shift, Monday, Cctober 25, and continued through the day shift,
Friday, ODctober 29. A total of nine worker shifts (% day shifts;



4 night shifts) were sampled. No sampling was conducted during
the third shift due to logistics and saimilarity of cperation on
all shafts

Analyses of the MRC guality assurance samples for methanol indi-
cated that the results of the methanol analyses were reliable.
However, analyses on the formaldehyde guality assurance samples
taken duraing the first visit showed that the resulting data were
not reliable, possibly having been seriously contaminated. It
was decided that these data would not be used for the evaluation
of exposures at the Linden, NJ plant.

Since the feormaldehyde data from the first vaisit had to be dis-~
carded, a second visit was made to do formaldehyde sampling in
June 1983 During this visit the sampling team met with DuPont
plant personnel on Monday, June 13. Formaldehyde sampling was
performed during the day and night shifts on Tuesday and
Wednesday, June 14 and 15, and on the day shift on June 16.

Table 1 shows the total number and types of samples cellected
during the surveys Perscnal exposure samples for formaldehyde
and methancl were taken by sampling i1ndividuals who worked in the
pPlant area. Longe«term (over one hour} personal samples were taken
to evaluate the workers' general eXposure. Short~term (generally
less than one hour) samples were taken on personnel 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 formaldehyde and methanecl
concentration in the production and storage areas. Source samples
were taken to evaluate the contribution of specific equipment to
the overall area concentraticons and to evaluate the exposure con-
trol achievegd by this eguipment.

TABLE 1, SAMPLES COLLECTED DURING IH SURVEY
AT THE DUPONT FORMALDEHYDE PLANT IN

LINDEN, NJ
Formaldehyde
Type Long~term Short-term Methanol
Fersonal 18 B 15
Area 23 7 21
Source - 4 2
Total 41 i¢g 38

Note: Does not include spike and blank tubes
used for MRC Quality Assurance.



Cbservations of aperator work practices were alsc made during the
5urveys. In addaition, contrel and process equipment were neted
and discussed with Mr. Gurley to aid in evaluating this eguipment
and comparing 1t to eguipment at other plants.

Closing conferences were held with Mr. McDhowell to discuss future
use of the data collected and to thank the plant personnel for
their cocoperation
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2. BACKGROUND

2.1 GENERAL

The National Institute for Occupaticnal Safety and Health {NIOSH}
and the U 5. Envaronmental Protection Agency (EPA} have entered in-
to an Interagency Agresment to perform a study that will determins
the levels of pollutants to which workers in the formaldehyde pro-
duction industry are exposed and that will evaluate the effective-
ness of centrel technologles currently used to minimize exXposures,

EPA contracted with Monsanto Research Corporation (MRC) to perform
the study on the fermaldehyde preduction industry, under EPA Con-
tract No. 68-03-3025, entitled "Technical and Engineering Services."
MRC was assisted 1n the study by personnel from GEOMET TechnologGies,
Inc., (GTI}.

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

The objectives of the IH/CTA study are to:

a evaluate the state-of-the~art control technolegy in the
formaldehyde production industry,

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

c. 1dentify potential hazards to workers,
d. evaluate these potentisl hazards for the effects on workers,

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

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

g. identify processes for which engineering controls are not
avallable or are ineffective, where further research and
development are needed, and to i1ndicate praiorities for
application of control technolegy.



The study was divided into two phases; preliminary surveys and
detailed surveys.

As part of this project, preliminary aindusirial hyglene surveys
(PIH5) were conducted at 11 plants, representing a <ress-section
of formaldehyde praqduction facilities. <Control eguipment and
worker practices were discussed and observed and walk-through
surveys were conducted at each plant Potential exposures to
hazardous agents and technoclogies used to contrel those agents
were 1dentified Reports were prepared on the findings from
these surveys.

Four plants were selected from the eleven for detailed industrial
hygiene surveys based on the preliminary survey findings. The
detailed 1industrial hygiene surveys 1ncluded the following activ-
ities:

- observation of operator work practices,
-+ guantitative perscnal sampling,

- evaluation of engineering control technigques, monitoring
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, detaiiing worker practices and evaluating the
engineering controls used by the plant; this report i1s one
of these four reports



3. DESCRIPTICN OF PLANT

The DuPont Grassellil plant 15 located 1n a heavily industrialized
section of Un:on County in Linden, New Jersey. The silver cata-
lyst formaldehyde production operation, which began in 1971, has
a rated capacity of 160 million pounds per year on a 37 percent
solution basis {(appreoximately 59 millicn peunds of formeldehyde
produced per year}. Agueous formaldehyde 1s shipped from the
plant by truck or rail.

The formaldehyde production unit 15 a trai-level, open-air struc-
ture. A plant site plan (Figure 1) shows the relationship of the
formaldehyde production unit to other facilities in the plant and
to the plant offices. Open air construction provides for natural
ventilation contrel of air contaminants through dilutien. Two
control rooms monitoer the production process, one housing the chief
cperator who alsc has responsibility for a second unrelated unat,
and a second rcoom which 1s used as a blending and process sample
analysis laboratery.

The plant operates 7 days/week, using three shifts ef unionized
workers per day, with a fourth shift rotated in each week. The
production unit employs a2 total of nine persons, with an cperator
and chlef operator on each shift and a production superviser on-
si1te during the day shaift.
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4. PROCESS DESCRIPTION

Formaldehvde is manufactured by a combination oxidation-
dehydrodgenation process usihg silver as a catalyst. The process
schematic 1s shown in Figure 2,

Methanol 1s unleaded from a tank truck to a large bulk storage
tank and i1s then pumped teo the methanol vaporizer. Air is drawn
through a pair of water scrubbers, preheated, and then combined
with the vaporized methancl. The methanol-ailr mixture 1s fed to
the converter system. Waste heat from the reaction 1s recovered
for use by a heat exchanger system. Hot formaldehyde gas passes
through a second heat exchanger and the cooled gas enterg the
base of a single atmospheric absorber column. Liguid effluent
from the absorber, containing up to 50 percent formaldehyde, 1s
stored in tanks. The agueous solution also contains some methanol
and formic acid. Gas emitted from the top ¢f the absorption
column, ceontaining hydrogen, nitrogen, and traces of formaldehyde
and methanol, 1s burned in a separate waste heat recovery boller
and the heating value recovered for use i1n the vaporizer. The
burner i1s designed for 99 percent combustion efficiency. The
effluent gas from the heat recovery system consaists of nitrogen,
carbon dicxide, and water

The product storage tanks are heated by internal steam coils to
maintain the temperature which prevents paraformaldehyde formation.
The formaldehyde solution 1s passed through an ion exchange column
to remove formic acid and blended in-line to preoduce the desired
solution for shipment. The blended products are loaded inte tank
trucks and rail tank cars for shipment.
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4
. DESCRIPTION OF PROGRAMS

5.1 INDUSTRIAL HYGIENE

The envirpnmental ceoordinater at the plant 1s responsible for
safety, industrial hygieneg, and envirenmental cencerns. In addi-
tion to the corpoerate andustrial hygiene group and external con-
sulting groups, which may be used as resources, the laboratory
supervisor and analysts carry out monltoring as recommended by
the coordinator.

An occupational safety and health committee, consisting of super-

visors and health persconnel, serves for review, coordinhation, and

program development functions. Information 1s reviewed and passed
along ta the site employees Supervisors must document that such

information has been reviewed by themn.

The i1ndependent union which represents the employees has ne for-
mal safety and health committee, but maintains an active interest
1n safety and health guestions. For example, recent information
on fermaldehyde provided by the occupaticnal safety and health
committee was reviewed with the union.

Contingency plans for emergencies are well-defined. The nearest
fire station 1s within several blocks, and the plant i1s a member

of the Linden Industrial Mutual Aid Council (LIMAC) which provides
for mobilizatzon of private sector assistance 1n the case of fire,
explosion, or other emergenciles. Fire drills, which include simu-
lation of release of toxic air contaminants, are conducted during
all shifts, approximately ten times per year. Five alarm boxes

are located throughout the plant complex. 1I1f a worker is 1injured,
workers are instructed to pull a fire alarm box to notify the

plant and the Linden Fire Department for assistance. Workers are
trained ain first aid and cardio-pulmonary resuscitation. The
workers are also equipped with beepers that can be sounded by dial-
ing an emergency number when they reguare assistance for an injured
worker.

Safety precautions have been and continue to be integrated into
the cperating procedures covering each phase of operation 1n the
plant.

Formal "lockout" procedures (isolaticn of personnel from danger)

are used for any operation which involves "breaking" a line or
using a "fire" {welding, terching, etc.).

1G



Safety equapment {(showers, eyewashes, protective clothing, self-
contained breathang apparatus, fire extinguishers and blankets,
and fairst aid kits) are located at numerous points ain the plant,
and are well marked Nine emergency eyewash and shower stations
are located in the formaldehyde production area: including the
Yai1l and truck formaldehyde loading areas, the contrel buildaing,
the process structutre, and the blending area. These staticns are
checked for proper cperation on a daily basis. Each staticn 1s
clearly marked by a green laght. Each station is also protected
from freezing water lines by insulation and autematic drains which
eliminate standing water in exposed pipes.

5.2 OCCUPATICNAL SAFETY AND HEALTH (OS5H) TRAINING

A formal employee training program 1s reguired for new employees.
GSH training 1is incorporated i1n the on-the-job training provided
by the supervisors and operators for new employvees or employees
assuming new duties. Safety retraining i1s scheduled every two
years and includes fire protection and fairst aid.

Sp1ll control procedures are provided for each chemical feund in
the plant. Training in these inclugde use of the appropriate and
specified perscnal protective equipment and handling procedures.

Job~cycle checks are performed every year. 1In these, elements
of a specific aspect of the job are reviewed with the employee
{e.g., tank car loading}. The formaldehyde operator’s jcb in-
cludes about 20 separate job cycles to be reviewed.

Use of respirators 15 an element of the training program. If
operators! duties may reguire use ¢of negative-pressure respilra-
tors, they are retrained once a year. The plant has modified the
writien ceorporate respiratory protection program to plant specifi-
cations.

5.3 PERSOHNAL PROTECTIVE EQUIPMENT {FPEFE)

Training in use of respirators 15 an aintegral part of the overall
training program, The safety department 1s respensible for clean-
ing and maintenance of the respirators. All full-face respirator
users are fit-tested (gqualaitative) once a year.

Specific PPE 1s required as follows:

All formaldehyde operations

Hard hats and side-shield sgafety glasses

Startup operations

Full-face respirators
Rubber gloves

11



Loading coperations (while on the rack or vehicle)

Rubber gloves
Full-face acid gas cartridge resparator

Maintenance -~ major leak repalx

sel f-contained breathing apparatus or air-supplied respirator
Rubber gloves

Changing reactgr catalyst

Rubber gloves

Fermaldehyde storage tank eleanout

Complete coveralls
Respiratory protection 1f oxygen or formaldehyde sampling
tests i1ndicate a need

Formaldehyde sample collection

Full-face acid gas cartridge respirator
Rubber gloves

Methanol analysis

Rubber glioves

5 4 MEDICAL PROGRAM

An occupational physician 1s available at the plant site four
afterncons per week. A full-time registered nurse 1s employed
ocn=-site and i1s on call. A fully equipped first aid facilaty is
used for nonsericus 1njurles Hospitals in Elizabeth, NJ, are
used for majer injuries. Injured workers are transported to the
plant hospatal 1n a plant-owned emsrgency van.

No compensation ¢laims or work-related illness or dermatitis have
been reported from the formaldehyde unit.

Pre-employment and periodic physical examlnatlons are given.
Periodic exams 1nclude completion of a health history guestion-
naire, examinatian by a physician, posterior-anterior chest X-ray,
pulmonary function tests, audiometric test, urinalysis, white
blood count and hemoglobin or hematocrit, complete blood tests,
and an EKG.

12



€. WORK PRACTICES

6.1 GENERAL PROCEDURES

& 11 Supervisors

An overall senior supervisor manages the operations for both the
sulfuric acaid and formaldehyde units during the day shift. Thais
worker, whe spends very lattle time i1n the units, 1s not usually
directly exposed to farmaldehyde gas. His office, where he spends
a majority of his taime while at the unit, 1s 1n a building across
a plant road from the formaldehyde unit and next to the formalde-
hyde and sulfuric acid units control building.

The production supervisor specifically supervises the formaldehyde
unit operation during the day shift. His office 1s in the same
building as the overall supervisor of the sulfuric acid and for-
maldehyde units. The production supervisor works in the formal-
dehyde unit when necessary, to ensure smpoth operations. As a
result, he 1s potentially exposed to formaldehyde gas.

& 1.2 Chief Operators

One chief operator 18 assigned per shift to operate the sulfuric
aci1d and formaldehyde unit controls from within the central con-
trol building across the street from the formaldehyde unit, and
next to the sulfuric acid unit. Chief coperaters are licensed
boiler operators and spend the majerity of their time in the con-
trel building They do check and bleow boilers down once or more
per shift, which regquires them to enter the formaldehyde unit area
where there 1s a potential for additional exposure.

6.1.3 Formaldehyde Unit Operators

One unit operator per shift is assigned to the formaldehyde pro-
duction unit, Duties include blending the formaldehyde solution
for shipment using the automatic blending controls, loading tank
trucks and rail cars, sampling the productien process, and anal-
yei1s of formaldehyde and methancl samples. He 1s alsg respon-
s1ble for inspecting the process to check for malfunctions or
leaks and for correcting and clearaing up these problems. The
operator spends approximately 50 percent of his shift in a blend-
ing control/laboratery building adjacent to the truck leading
area and blending structure.
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$ 1.4 Maintenance Workers

Maintenance ¢f the formaldehyde and sulfuric acid units 1s pro-
vided by five service operators working over three shifts and B-10
maintenance perscnnel, plus a supervisor, who work during the day
shift. Maintenance personnel provide maintenance for the entire
plant complex. They are involved with start-up cperations, cata-
lyst change, and tank entry, as well as normal plant maintenance.
It 158 estimated that they spend no more than 20 percent of their
time at the formaldehyde unit.

The service cperators are invelved in miscellaneous service work
and clean-up for both the sulfuric acid and fermaldehyde units.
They spend most of their time on duties within the sulfuric acad
unit.

6.2 METHANOL UNLOADING

No DuPont empleyee 1s dairectly invelved with the delavery er un-
loading of methanol. Methanol i1s delivered to the plant by an
cutside contractor, whose driver performs all unloading activities.
The truck driver positions the tank truck and hooks up the flex-
ible unlecading line to the bottom of the truck. The draiver takes
a capped methanol sample, which was collected at the facality dis-
tributing methanol, to the unit operator for analysis. RAfter the
methanel analysis is approved, the driver returns and inatiates
unleading. When unleading i1s complete, the truck driver dis-
connects the line and leaves. Several tenk trucks are unloaded
per day

6.3 METHANOL SAMFLE ANALYSIS

The fermaldehyde unit operator receives the methancl sample 1n
the unat building in a closed glass jJar from the truck driver.
The operator then pours approximately 200 mL of the sample into

a graduated cylinder on the lab counter to the right of the lab-
oratory hood. A hygrometer 1s inserted into the graduated cylin-
der, and the temperature of the sample scolution i1s determined by
inserting a thermometer into 1t. The gpecific gravity cof the
sample 1s then determined.

The sample is then poured back from the graduated cylinder back
i1nto the jar, and the jar 1s then closed. The sample waste is
dunped intco the ocutside unit sump at the end of the shift.

6.4 FORMALDEHYDE LOADRING

©.4.1 Tank Truck Leading

Tank trucks are loaded by the formaldehyde unit operators during
all shifts. Several trucks are loaded each day.

14



After a truck pulls inte the loading rack, the operator opens the
top hatch and positions a rigid local exhaust duct approximately
81x to eight i1nches above and i1n the middle of the hatch opening;
he then inserts a flexible delivery boom.

Prior to loading, the operator samples the final product storage
tank (Figures 3 and 4). This sampling procedure, and analysis of
the sample wi1ill be descraibed in Section 6.5,

Once the truck sample has been analyzed and meets specifications,
the delivery boom and exhaust duct are removed and the hatch 1is
closed. The truck and all contaminated equipment are then hosed
off waith water to the ground. The operator wears a full-face,
acid gas cartridge, approved respirator while withdrawing a stor-
age tank sample and while he i1s on the loading rack or truck.

6.4,2 Rail Car Loading

Very few rail cars are now loaded at the plant. No rail cars
were loaded during the in-depth surveys. As a result, the de-
tarled procedure for rail car loading was not observed. However,
verbal description by plant personne] indicates that the rail car
loading procedure 15 almost identical to tank truck loading.

Figure 3. Unit operator sampling tank truck during loading.
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Figure 4. Unit operator with respirator on capping truck
sample. Note gloves and sample carraer.

6.5 FORMALDEHYDE SOLUTION SAMPLE WITHDRAWAL AND ANALYSIS

The unit operator samples the abscrber twice per shift at the
absorber bottoms pump. The sample spigot 15 a small copper tube,
the end of whach 1s approximately two and cne-half feet above
ground Jevel. Samples are taken in a small narrow-mouth glass
bottle (Figure 5).

All purges and waste material are dumped 1nto a covered bucket
located approximately 1.5 feet below the sample point {(Fiqure 6).
This bucket is dumped into a unit sump, reportedly at the end of
each ghift.

Each sample 1s analyzed by the unit operator in the procesg lab-
oratory building for percent formaldehyde, fermic acid, and meth-
anol. TFor the analysis determining percent formaldehyde, 7 mL of
the sample 1s poured from the 250-mL graduated cylinder into a
10-mL cylander within a local exhaust ventilated laboratory hood.
The 7-mL sample 1s poured intc an open bottle on a scale ocutside
the lab hood. The bottle 1g weighed; sodium sulfite 15 added to
the bottle to make 150 mL of sclution and the solution 15 auto-
matically titrated outside the hood with hydrochloric acid te
determine percent formaldehyde (Figure 7).

le



Figure 5. Unit operator sampling absorber bottoms.
Note gloves and purge bucket.
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Figure 6. Unit operator pouring bottle purge into bucket.

Next, 10 mL of acetonitrile 1s added to a 100-mL flask within the
lab hood. The process sample 1s added to the flask in the hood
to make 100 mL. Then 5 pL is withdrawn from the flask into a
syringe and injected into a gas chromatograph {(GC) located out-
s€ide the hood on the other side of the room.

For the percent formic acid analysis, 40 mL of distilled water 1s
added to a 50-mlL graduated cylinder within the hood. Then 10 ml,
of the process sample 1s added to the graduated cylinder and the
50 mL solution dumped into a 250-mL beaker within the hood. Indi-
cator i1s added to the beaker and the sclution 1s manually tatrated
with sodium hydroxide in the lab hood.

All waste 1s dumped into an open 500-mL flask in the hood. When
the flask 1s full, the material is dumped in the unit sump out-
side. The unit operator also collects a sample from the final
Product storage tank prior to truck locading. The ceollection point
15 similar to the absorber process sample point. Purges are poured
into a covered bucket below the sample point. When the bucket is
filled, the waste 1s dumped 1n the unit gsump. The sample 13 taken
into the unit control building, and percent formaldehyde and formic
acid analyses are performed as described.
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Figure 7. 1Unit operator setting up percent formal-
dehyde analysis. Note lab hood and
safety shower in background.

A tank truck or ra:il car sample 1s cobtained after the truck or
rail car i1s approxXimately half full. A glass jar held at the end
of a long rod 1s inserted through the open hatch or dome, dipped
into the solution, and filled. The filled jar 1s removed and
covered with a screw top. The sample 1s then transported to the
unit control building. Percent formaldehyde and formic acid anal-
yses are then performed as described previously. Occasionally

a percent methanol analysis may also be run. For some customers
half of the truck or rail car samples 18 taken to the main QC lab-
oratory 1n another area of the plant for analysis as an audit of
the operator results.
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7. CONTROL STRATEGY

Several areas of the formaldehyde preoduction operation that pre-
sent exposure potential are discussed below with respect to the
control technolegy applied. Exposure prevention i1s primarily
achieved by using a process that 1s completely enclosed except
for the methanol entry point, formaldehyde discharge point, and
preocess sample points.

7.1 METHANOL UNLOADING AREA

Methanol received by the plant i1s unloaded from a tank truck by
the truck driver, who is emploved by the methanol distributor,

and who 15 not directly under plant control. The unloading area,
as seenh 1n Figure 1, 15 adjacent te the methanel storage tank, and
approximately 150 feet from the production unit and blending/lab
area.

The driver chocks the truck wheels, grounds the truck using a
small grounding cable, and closes the unloading gate behind the
truck (Figure 8). Before unloading, the truck driver opens the
tank hatch slightly, leaving a small gap (two to three inches)

to allow for air to displace the methanol drained from the tank.
This small gap does not present an exposure problem because the
suction, created as the tank drains, draws alr into the tank and
prevents the escape of methanol vapors. The driver then attaches
a reinforced, rubber flexible hose with a gquick-connect fitting,
shown in Faigure 9, to the truck discharge port. Figure 10 shows
the connected hose, The driver then takes a sample to the opera-
tor, who analyzes 1t. Wwhen given approval, the driver returns to
start the pump. The methanol 1s pumped anto the adjacent methanol
storage tank, shown in Figure 11, using a centrifugal pump with a
single mechanical seal with no methanol recyele to the seal.
Several trucks were unloaded during the weeks of the surveys. A
methanol drip leak occurred during some of the unlecading activi=-
ties and may have affected area sampling and increased the truck
driver's exposure.

7.2 METHBANQOL STORAGE AREA

Methanol 1s stored in a large storage tank adjacent to the meth-
ancl unlcading area, as shown 1n Figure 11. Methanol 1s delivered
to the area by an above-ground pipe and from there to the production
unit by an overhead pipe. The storage area 1is diked and the tank 1s
grounded to reduce accidents. The fluid level of the tank can be

20



Figure 8. Methanol unloading area. Note gate and
warning signs. Truck 1s 1in unloading process.

Figure 9. Reinforced rubber flexible hose used for unloading.
Note guick-connect and grounding cable.
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Figure 10. Tank truck connected by unleoadang
hose to unloading pump.

LAt b L, d
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Figure 11. Methanol storage tank. Note dike and
delivery truck in unleoading area.
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checked by an exterior level indicator. The tank has a fixed-roof
and 18 eguipped with a flame arrestor. No engineering controls
are on the roof te control emissions.

Methanol 1s pumped from the storage tank to the production unmat
using one of the three pumps shown in Figure 12. These centrifu-
gal pumps use single mechanical seals with a methanol lcop from
the pressure side of the pump to help lubricate and flush the
seal face.

7.3 CONVERTER AREA

The 1n-series converters and supporting units are side~by=-side 1in
an open air structure as shown 1n Figure 13. Methanol and air

are preheated, mixed, and reacted in a closed system, preventing
escape of the reactants. The reactors are eguipped with heat
exchangers and aftercoolers to recover the waste heat from the
reaction, as hoted in the process description, Automatic alarms
in the control reom allow the operators to become aware of system
malfuncition or situations possibly requiring shutdown. Rupture
disks prevent structure damage 1f a reactor should overpresgurize.

Safety showers are located on each floor of the unit. The nature
of the enclesed process makes additicnal engineering controls in
this area unnecessary. All valves appear to be well-maintained.

7.4 ABSORBER

Product gas from the converters enters the absorber, where 1t is
quenched with an agueous formaldehyde sclution. The absorber,
shown i1n Figure 14, adjacent to the production unit structure,

18 a tray column. Gas exating the top of the absorber contains
nitrogen, hydrogen (from the dehydregenation reaction), and car-
bon dioxaide. It 1s piped to an afterburner (shown in Figure 15),
where a propane~supported flame burns the residual gas to recover
i1ts heating value. The remaining nitrogen and carbon dioxide

then pass through a waste heat recovery boiler (Figure 16) and are
exhausted to the atmosphere through a short stack. Heat recovered
as steam 1s either used within the plant or sold to adjacent
plants.

The absorber uses centrifugal pumps with single mechanical seals
to circulate the aguecus solution to the trays inside the absorber
column. These pumps use the agueous solution from the preggure
s1de of the pump to lubricate and flush the seal face. Product
and bottom recirculation pumps are enclcsed in fiber insulation
boxes (shown in Figure 17) to prevent freezing and toc help main-
tain the solution temperature, preventing paraformaldehyde forma-
tion. A seccend set of pumps 1s used to transfer solution to the
upper levels of the absorber. No insulation 1s used on these
pumps due to the low concentratien of formaldehyde in the solu-
tion. Each get of pumps includes a spare pump to allow for con-
tinuing operation during pump malfunction.
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Figure 12. Methanol transfer (supply) pumps.
Note safety shower.
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Production structure. Both reactors are visible (one
left, one right side). Absorber in right background.

Figure 13.
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Figure 14. Production structure and absorber; cne reactor
1s visible. Note exhaust gas return line on
right side of absorber.

Figure 15, Absorber return line and propane burner
used for waste heat recovery.
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Flgure 16.

Figure 17.

Waste heat recovery boiler.

Pump 1nsulation boxes.
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Process sampling in this area 15 conducted every four hours from

a point on the product line shown an Figure 18. A small spout on
a gquick-ceonnect fitting 1s used. Purge 1s collected in a covered
bucket under the sample point. The sample spout 1s approximately
1.5 feet from the purge bucket. Splashes in the bucket appear to
be common, and splattering can easily occur on windy days, creat~
1ng a definite potential for contaminating the worker's shoes and
¢clothing. Paraformaldehyde on the cement beside the bucket 1s
evidence of splattering. The covered bucket alsc creates a direct
source of formaldehyde inte an area freguented by the operator.

7.5 FORMALDEHYDE STCRAGE

Formaldehyde 18 stored in five grounded tanks inside a diked area,
shown i1n Figure 19. This storage area 1s adjacent to the blending
structure, the truck loading area, and the blending control/
laboratory building.

The storage tanks are equipped with steam ceils and are insulated
to maintain solution temperature and formaldehyde sclubility.
Centrifugal pumps Wwith single mechanical seals provide agitation
to the sclution. Formaldehyde soluticon is used to lubricate and
flush the seals on the pumps. External level indicators allow

the operator to check solution levels in the tanks with minimal
exposure potential. No controls are in place on the vent
emissions from the tank. Generally this does not create a siqgnif-
1cant exposure threat. However, exposure appears toc be possible
on the third flocr of the blending structure, which 1s on the sanme
level as the tanks. Vents, as shown in Figure 20, are within 20
feet of the structure, and with favorable wind conditions, signif-
lcant short-term exXposure may occur.

7.6 FORMALDEHYDE LOADING

Figure 2] shows the truck loading area for formaldehyde. No rail
tank cars are regqularly loaded, sc this area was not studied. The
truck loading area 1s adjacent to the blending struc¢ture and the
formaldehyde storadge area, and within 100 feet of the blending
control /labkoratory building. Formaldehyde is loaded into the
trucks using the pumps used for agitating the storage tank solutien.

Formaldehyde 18 loaded 1nto tank trucks using a flexible metal
hose shown 1n Figures 22 and 23. In additicon, a rigid 6" diameter
faiberglass exhaust duct 1s vertically pesitioned approximately 6=8
inches above the middle of the open truck hatch, The ventilation
system 1s driven by a bleower that was meacured 1n September 1982
by the plant to give 3,500 fpm at the duct opening. Contaminated
ailr 15 exhausted upwards through a stack at the truck loading rack,
which exits approximately 15 feet above the lcading rack platform.
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Figure 18. Absorber sample point. HNote purge
collection bucket and sample spout.

Figure 19. Formaldehyde storage tanks. Note dike
and recirculation/loading pumps.
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Figure 20. Top of formaldehyde storage tanks. HNote
proximity of blending structure.

Figure 21. Truck loading area.
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Figure 22. Formaldehyde loading. Left, lecading spout; right,
ventilation duct. Note fiberglass exXtension.

Figure 23. Formaldehyde lcading with ventilation (left)
and loading spout {right) in place.
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The survey team was unable to obtain velocity measurement either
at the duct cpening or at the furthest centaminant contr¢ol point
along the edge of the hatch opening; measurements could not be
taken since measuring weuld present an unsafe condition while
standing on the edge of the walk to the truck or on the truck.

The 1ndustrial hyglenist team member did observe local exhaust con-
trol capture and concludes that 1t 1s adequate. He cbserved that
almost all of the visible condensed water vapor at the hatch cpen-
1ng was captured by the exhaust duct during lecading. Visible
capture of condensed water vapor from the formaldehyde solution
being loaded onto a truck would also indicate capture cof nonvisible
formaldehyde gas. Personal samples taken on a unit operator dur-
1ng loading and for a full shift indicate a controlled exposure
during loading. Better local exhaust ventilation control could be
provided by exhaustaing contaminated air through the exhaust duct
which 18 inserted i1nto the truck tank through a retrofit hatch
cover, The cover would have to be vented to prevent a negative
pressure within the tank during exhausting.

The blower exhausts the air through a vertical stack, shown in
Figure 24. This stack releases the formaldehyde at a sufficient
velocity and volume to promote dilution ventilation.

The loading spout, a flexible metal hose, 1s alsc placed into the
tank. Thie hose 15 a forced wentilation duct which draws the
vapors from the loading process through a displacement bhlower and
passes 1t through a packed scrubber shown in Faigure 24. Thils
blower appeared to be very effective and no vapors were seen
escaping from the open hatch. No cover 1s used on the hatch.

The loading 1s controlled by an automatic delivery control device,
preventing spills and eliminating manual level checking by the op-
erator. An eyewash and safety shower, shown in Figure 25, were
available and clearly marked at the base of the stairs leading to
the truck loading platform {(approzimately 12 feet below the plat-
form}.

7.7 CONTROL ROOM

Operators spend most of their taime 1nside the blending control/
laboratory buildaing. Operations are menitored by the chief oper-
ater in a second contreol room across the street from the unait.
Communications are generally made by telephone.

Formaldehyde and methanol specific gravity tests are performed
within a ventilated laboratory hood {(Figure 26} which 1s vented
through the roocf. The hood 1s located in an area easlly access-
ible to the doors and an eyewash/safety shower. A s1nk 1s inside
the heood to allow wastes from analysis to be safely discarded.

31



Figure 24. Truck loading ventilation stack.
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Figure 25. Eyewash and safety shower
at truck lcading area.
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Figure 26. Laboratory hood.

Inward face velocity measurements were made at the open face of
the laboratory hood within the unit blending/lab building with an
Alnor heated wire anemometer.

The average face velocity was %96 feet per minute (fpm), which
should be adeguate to contrel contaminated ailr resulting from
analyses performed in the hood, The American Conference of
Governmental Industrial Hygienists recommends a minimum average
hood face velocity of 100 fpm to control formaldehyde gas,
methanol vapor, and other toxilc alr contaminants te prevent
them from escaping the hood.

Although the blending control/laboratory buiriding i1s equipped with
central air conditiconing, this system was not operating properly
during most of the survey period. As a result, a pedestal floor
fan was being operated within the building. The operation of

this fan did cause cross drafts at the lab hood face, temporarily
decreasing exhaust control. Proper operation of the existing
central air conditlioning system would 1lnsure better exhaust con-
trel at the hood since the system would create less cross drafts.

Although the exhaust is adequate, both the percent formaldehyde
titration and sample injection into the GC to determine percent
methanol are performed outside the hood. As a result, the hood
does not completely control emissions during analysis. See Sec-
tion 10.1.6 for a description of the exposure due to these analy-
Ses beindg performed outsade the lab hood.

34



1

B SAMPLING AND ANALYSIS

Formaldehyde and methanol sampling were conducted during the sur-
vey to deteymine time-weighted average (TWA) long-term and short-
term exposure levels (STEL) for personnel and areas associlated
with formaldehyde preduction. Two operators were sampled (one

for two days, one for three days) for formaldehyde exposure. Four
operators were each sampled for one day for methancl. Two

chief operators and a production supervisor were alsc sampled for
formaldehyde and three chief operators and a production supervisor
were sampled for methanol during eight-hour shifts. These sam-
rPles were taken to determine the normal 8-hour shifi exposure to
formaldehyde or methanol. Process operators were also sampled dur-
ing potentially high exposure activitlies for short-term exposure
levels.

Twelve areas associated with formaldehyde production and freguently
attended by the operators, were sampled over an 8~hour shift for
formaldehyde and methanol to determine area concentration levels
and to pessibly painpoaint areas of concern. In addition, three
sources of potential emigsions (pumps) were sampled to determlne
their contributicn to the area concentyation levels. In order fo
ensure that the samples represented the source emissions and were
not affected by concentraticens of the same pollutant in the sur-
rounding area or by dilution, each source sampled was wrapped
tightly with clear plastic and sealed with tape. The concentration
levels 1n the source samples were assumed to correspond to the
amount of agent released by the sources over the sampling period
and were then translated into the amounts of pellutant released
per day.

8.1 SAMPLING TIME

The survey objectives dictated that two types of samples be col-
lected. Long-term samples, collected over periods of 120 minutes
or longer, were used to determine the time-weighted average
exposures S5hort-term samples, collected over pericds of between
15 and 120 minutes, were used to determine the exposures from
certalin but typically short events occurring during normal regu-
lar shift hours. Personal long-term samples generally were
comprised of two, approximately 240 minutes long, ¢onsecutive
sampling periods and were used to determine an eight-hour, time-
welghted average according to the following fermula:
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T, + ToXs

TWA = T Ref. [2]
t
where TWA = {ime-weighted average
T,,Tp, = sampling times for long-term samples
X,.X: = concentrations of long-term samples
T, = total time

t

This same formula was applied to perscnal 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 reproduc-
ibilaity.

Short-term sampies were taken during operator activities where

peak exposures might be expected, but possibly not be shown 1n the
long-term samples. The short-term samples were also to indicate
where controls may be more cost-effective, 1f the exposure concen-
tration levels needed to be reduced. Shert-term samples were taken
at flow rates of about 200 cm®/min (as compared with 100 cm®/min for
long-term samples) to assure ccllection of pollutant volume suffi-
cient for relisble analysais,

& 2 SAMFLING METHCDRS

Sampling for formaldehyde was conducted using an active dosimeter
method developed by the research department of Monsante Agricul-
tural Products Cempany [3] and approved by the NICSH project offi-
cer, Mr. W. N. McKinnery, Jr. The method uses sampling tubes
packed with Z,4-Dinitrcphenylhydrazine (2,4-DNPH}-coated silica
gel to absorb formaldehvde from the sampled gas. To draw the gas
threugh the tubes, MRC used DuFont Model P200 portable sampling
pumps set and calibrated to deliver a constant flow rate (25%) of
approxXimately 100 cm?/min (actual pumps ranged from 92.0 to

115.5 cm? /min) for long-term samples as suggested by Mr. David
Haile, supervisor of the MRC industrial-hygiene certified lab-
oratory. Short-term samples were collected using the same pumps
set and calibrated at a constant flow rate (15%) of approximately
200 cm®/min (actual pumps ranged from 180.7 to 203.4 cmd/min}.
Pumps were generally checked for significant (greater than 15%)
deviation after use, and the samples were discarded where a sig-
nrficant deviation was observed,

To assure guality of results, formaldehydehyde sample blanks and
spikes were used and all samples were analyzed and reported in
accordance with standard MR Quality Assurance/Quality Centrol
procedures Adgitional details on formaldehyde sampling and
analysis methods are provided in Appendix A.
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Sampling for methancl was conducted using a NIOSH-approved active
dosimeter method, NIOSH 55%. Si:lica gel tubes were used 1n con-
junction with DuPent Model F200 pumps which were set and calibra-
ted at a constant flow rate (15%) of approximately 50 cm®/min
{actuzl flows varied between 47.5 and 56.8B cm®/min) for personal,
source, and area sampling. Pump flowrates were checked after
sampling to ensure constant flow,

To assure gquality of results, an unexposed silica gel tube was
collected as a blank during each sampled shift. In addition,
methancl samples were collected in duplicate and one of the dup-
licates was spiked during sampling with either 0.8 or 1.2 times

the PEL to check on recovery and precision of sampling and ana-
lytical procedures. All methanol samples and blanks were analyzed
and the results reported according to MRC Quality Assurance/Quality
Control Procedures. Additicnal details on the methancol sampling
and analysis procedures used in these surveys are included in
Appendix A

buring sampling, a log of pertinent information was developed
using Monsanto DMEH Industraial Hygiene Monitoring Forms. Re-
corded information on these forms includes: tube i1dentification
number, 1dentification of sampling location, pump i1nitial and
final flow, sampling time, and ¢omments.

B.3 NUMBER OF SAMPLES

Excluding blanks and spikes, &0 formaldehyde and 3E methanol
samples were collected during the survey as shown in Table 1,
Section 1 2.

8.4 LOCATICNS SAMPLED

Figure 27 shows the location i1n the plant where sampling was con-
ducted Table 2 lists the locations sampled and the number of
samples of each type taken at each location.
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TAELE 2 AREA AND SOURCE SRMPLE NUMBER
AND LOCATION SUMMARY

Number of samples

Locatien Formaldehyde Methanol
Area
Fraimary reactor = ground floor 7 2
Praimary reactor - 2nd floor . 2
Absorber 2 2
Elending area - ground floor - 3
Fermaldehyde storage - west of tanks 2 1
Formaldehyde storage - between tanks 2 1
Methanel supply pump - 3
Blending area = 3rd fleor 2
Truck loading 3
Blending control/lab building 6 4
Blending control//lab hood 4
Methanecl unlecading 3
Scurce
Absorber bottom pump
Agitation/locading pump
Methanol supply pump 2z
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9 RESULTS

The following tabies present the analytical results for sanmples
taken by the MERC survey team at the DuPent Grasselli=Linden, New
Jersey plant during Octeber 25-29, 1982 and June 14-16, 1983. all
veolumes and concentrations have been corrected to standard temper-
ature and pressure {(20°C and 760 torr or 6B°F and 29.92 1n. Hg).
Takles 3 and 4 present the long-term personal sample analytacal
results for formaldehyde and methanol, respectively. Shorteterm
personal formaldehyde sample analytical results are presented

in Table 5 No short-term personal methano)]l samples were taken
Area sample results are presented in Tables 6 and 7. Source
sample results can be found in Table B.
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TABLE &. FORMALDEHYDE AREA SAMPLE ANALYTICAL RESULTS

Flowa Sample hdgusteg Concen- Areac
Tuke rate, time, volume, tration, TWB,
Description number cc/min  man L Ppm ppm
Pramary reactor - lst floor 1217 97 2 273 25.6 0 04
8o 101 O 224 21.%9 0 16
1215 109.2 234 24 7 3 63
1924 113 9 173 15 9 0 95d
1936 101.3 170 16.5% BDL
20 o8 2 150 i4 3 0.16
1294 98 7 183 17.4 0 65 <Q_%2
Primary reactor - 2nd fleor 1088 104 4 277 27 9 0 0
70 103 B8 235 23 6 0 09 a 07
ibsorker 1859 95 5 273 26 32 0 Q9
1993 100.3 227 22.0 D.58 D31
Blending structure - 3rd 428 102.0 241 23.6 0 1k
floor 129 99 8 254 24 3 0 i1 013
HCHO storage - west of tanks 381 104 4 240 24 0 ¢ 35
35 899.5 253 24 2 0,22 o 28
HCHCG storage - between tanks 1159  116.8 241 27.1 017
{central) 1T0E 94 4 262 237 D 22 0o 19
Truck loading 272 101 1 a7 6 & BDL
1145 1140.5 42 4 4 BDL
297 115 2 28 3.0 1 55 <0 4G
Blending control/lab 1025 112 9 188 205 0.52
building 1866 99 9 157 18 1 o 69 0 &l
418 101.4 139 15 5 013
34 115 2 182 2D0.3 0 22 0 18
1758 96.3 241 22 9 o 48
az 103.0 131 13 3 0 23 0 3%
Blending centrol/lab hood 1809 182 4 9 l &6 Z &b
1744 211.2 11 2.2 1 %D 2 19
1186 208 .7 15 31 0.53
1923 209 & 14 28 1681 100

a
Flow rate determined as follows

initial flow rate, >:5% deviation, average the flow rates.
b
Volume adjusted to standard conditions (68B°F, 29.92 in Hg, 20°C, 760 torr)

g
Area TWR = (Vl C1 + v2C2 + .

dEDL <0 05 ppm.

YWV, + Vo + |

14

).

15% deviation of original flow rate, assume



TARLE 7.

METHANOL AREA SAMPLE AMALYTICAL RESULTS

Fluwa Sanmple  Adjuste Areac
Tube rate, tlme, velume, Concentration, TWh ,
Descraption nurber  ec/min mn L pPpm Epm
Primary reacter - st flooy d
Z ft above ground 448/185 47 & 266 1z 94 g 93
£5 47 5 248 1z 3% BDL 0 El
Frimary reactor - 2nd floor d £
BZH 497490 5l 4 275 14 45 13 70
CF 51 4 232 12 50 G 47 >7 &5
Absorber - 5 Ft from absorber, 3 ft d
from circulatisn pump 47/475 408 3 251 12 EE D B8
53 49 3 243 12 56 BDL 0 355
Blending area 16 52 0 242 12 B2 BDL
15 s5h @ 231 11 86 BOL
3 83 2 230 12 98 o 33 a 37
HCHO storage area - west of tanks 16 54 5 228 13 T8 117 137
HCHQ storage area = central a3 g1 2 232 1z 6D D 85 0 B5
He20H unloading area 29 EE & LT 3 15 BDL
34 53 2 48 2 70 L 7{
44 e 8 &5 318 36 311
Central room - BZH 12 51 2 191 19 36 BDL
21 g1 2 214 11 &2 EDL £
a3 49 5 191 9 &7 >0 Be
54 49 5 214 10 34 g 28 =0 42
MelH supply pump area 17 54 9 232 13 59 BhL
26 54 9 221 12 56 BDLf
as 52 & 236 13 14 »5 0 >1 88

Below rate determined as fallows

>:5% deviation average the iwo flow rates

bAd]usted as standard conditions {GB"F, 29 92 an Hg, 20°C, 760 torr)
WiV + vy 4

chverage = (Vv € + Vpla 4

o tubes in seriez psed concentration added

0L >0 3 pp

fErtakthrDugh occurred - minumum concentration

)

45

15% deviation of origanal flow rate, assume 1nmitial,



“{A303 09L ‘Dp0Z “BH UT 26 6Z 'H489) SuoTltTpuon piepuels se paysnlpy

“ + 28+ TaY/( + %084 + 1D 'a) = abmisay

g

5331 nOT] oM} 93 abelaaw - uoTieTA’p %GT¢
‘TeTI3TUT sumsse ‘31ed »0T3F Teutbric Jo uctjetasp %6¥ SMOT[CJ S pauTwisy}ap ajel HotTd,

BG LT 96 ET T 811 L 05 A
v 12 09 Tl L 0§ ZE dund L1ddns oy
TOUBYISH
Z b1 T 0¢ 9 ¢ Bz ¥ o 58
L 81 g ¥ IS5 ¥ ¥6 2981 dund BbutpeoT/uctielrbe gHoH
A ZrT L 1€ 9 SOT LZT
SIT s I 9 907 6261 dund wejjeqg asqrosqy
spAyapTewacy
uickd wdd T Ui utw/oD J3gqumu uoT13dTIdsag
ULGOAHmuu:uu:ou fUDT}IPAIUSITOD faumTonA ‘awt} m.wMMh sdn]
sheaaay mmum:mwm aTdweg #0714
SEINSHY IVOILATYNY HAT4dWVS INN0S 8 JT19vL

46




ITs

10. CONCLUSIONS

10 1 FORMALDEHYDE EXPOSURE

10 1 1 Supervisor Long-Term Exposure

Two sets of long-term consecutive personal samples were taken on
the production supervisor during two day shifts. One sample of
the set taken on 6/15 had to be voided. Results are presented 1n
Table 3, Section 9. The time-weighted average (Twa) concentration
for the set of samples taken on 6/14 gives a good estimate of thas
worker's TWA exposure over the entire shift. The TWA of (.32 ppm
for this set of samples was less thah 11% of the QOSHA TWA permis-
s1ble exposure limxt {(PEL) of 3 ppm, indicating a& nonexcessive
exposure for that sampling day Thus, although the preoduction
supervisor occaslonally inspects formaldehyde unit operations,

his exposure is probably not great encugh to cause an excessave
long=term exposure

The overall superviscr for the formaldehyde and sulfuric acid units
should also have a nohexcesslve exposure, based on a comparison

of his activities compared to those of the production supervisor.
No personal samples were taken from this overall supervisor. How-
ever, since the overall supervisor spends a majority of his time

1n his separate office or in other areas away from the units, and
not in the process unit area, his exposure 15 likely to be less
than that of the production supervisors.

10 1 2 Chief Operator Long=Term Exposure

Three sets of consecutive long-term personal samples were worn by
three chief operators during a workshift. Results can be found
in Table 3, Section 9. The TWA concentrations for each set of
samples, which ranged frem 0.12 to 0.24 ppm, should give a good
estimate of a chief operater’'s 8-hour shift exposure. Thege re~
sults are egual to or less than 8% of the OSHA TWA PEL of 3 ppm.
Thus, the chief operator exposure can be considered nonexcessive
for those days sampled.

10.1.3 Fformaldehyde Unit Operator Long-Term ExXposure

Two consecutive long~-term personal samples were obtained for unit
eperators on five different shifts. One of the leng-term samples
worn on 6/14 had to be voided due to pump failure. Analytical

data are presented in Table 3, Section 9. TWA concentrations for
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the four sets of samples should give a geood indication of the unit
cperator TWA exposure for the entire 8-hour shift. The TWA con-
centrations for the four sets of samples ranged from 0.11 to

0.41 ppm.

The sample results, are equal to or less than 14% of the OSHA TWwA
PEL These result® indicate that the unit cperator was not exposed
to an excessive formaldehyde gas exposure, using the OSHA TWA PEL
as the reference standard.

In addition to the personal samples taken during the survey, three
sets of area samples were taken in the lab area of the blending
control/lab building. 2&nalytical results are presented in Table €,
Section 9. These sets of samples indicate a TWA concentration

for an area in which the unit operator spends a considerable por-
t1on (approximately 50%) of his time. TWA concentrations ranged
from 0 18 to 0 61 ppm. This 1ndicates a relatively low exposure
within the blending contrel/lab building, which 1s due to sample
analyses and the unlt exposure outside the buildang.

10 1.4 Maintenahce FPersonnel Long-Term Exposure

It was not possible to take long-term personal samples on process
mechanles or service operators while repal¥ing equipment at the
formaldehyde unit. None of these workers were repairing €guipment
at the formaldehyde unit during the survey.

It 15 expected that repairs of major liquid or gasecus leaks

could cause both short-term or long-term excessive exposures for
maintenance workers. Temporary controls are then provided through
the regquired wearing ¢f a& self-contained breathing apparatus and
gloves for major leaks.

10 1.5 Formaldehyde Loading

Three short-term personal samples were taken on a unit operator
while performing duties required t¢ load a tank truck., One sample
had to be weided In addition, three area samples were taken on
the truck lcading rack during leoading. Since no rall car leoading
was beinyg performed during the survey week, sampling could not be
conducted to assess the exposure in this operation. Sample data
for the personal samples are shown in Table 5, Sectlion 9; data for
the area samples are given in Table &, Section 9.

The personal sample results were 0.96 and 1.79 ppm. Both personal
sample concentrations are less than the OSHA ceiling limit of

> ppm and indicate a non-excessive short-term exposure during
truck loading using the 0SHA ceiling limit as a reference. Also,
the unit operator 1s provided protection while on the loading rack
and truck, and sampling by the wearing of a respirator. Accord-
ing to the supplier (MSA), the acid gas cartridge being used at
this plant has been approved by NIOSH for formaldehyde service
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The area samples taken on the truck leoading rack ranged from two
concentrations which were below the analytical detection limit up
to 0.76 ppm. These concentrations plus the personal sample con-
centrations indicate adeguate local exhaust ventilation at the
hatch during leading.

10.1.6 Formaldehyde Solution Sample Withdrawl and Analysis

Six personal samples were taken for unat operators during siX sep-
arate abscorber sample collections and analyses. The sample concen-
trations ranged from a BDL concentratien to 1.76 ppm. Sample data
are shown i1n Table 5, Section 5.

All of these concentrations are below the OSHA ceiling limat of

5 ppm, indicating a non-excessive short-term exposure during ab-
sorber sample collection and analyses. These results indicate
that the formaldehyde gas exposure resulting from the percent for-
maldehyde titration and percent methannl determination using the
GC outside the lab hood do not present sighificant enongh uncon-
trolled exposures to cause an overexposure for the operator for
the entiye withdrawl and analysis process. Also, 1t appears that
withdrawing of a sample without the use of engineering exposure
controls does not present an excessive expeosure., The operator is
offered control through the wearing of a respirator during sample
withdrawal.

Four area samples were taken at the lad hood during sample analy-
ses to determine the extent of exposure during the percent formal-
dehyde taitrat:ion performed cutside the hood. It was speculated
that formaldehyde gas would pass from the formaldehyde titration
getup past the samples to the lab heood, 1If the short-term per-
sonal samples were high and the results were high for the hood
area samples, one could conjecture that & major source was due To
the uncentrolled formaldehyde titration. Since the personal
samples are considered non-excessive, conclusions regarding the
area results are not needed.

10.1 7 Fermaidehyvde Area Sampling

Consecutive 4-hour area samples were collected in six locations

in the formaldehyde preocess unlt and storage area in addition to
the areas discussed earlier. Sample times ranged from 150 to 273
minutes for individual samples. Table &, Section 9, presents the
analytical results of this sampling. These samples should present
a representative indication ¢f area formaldehyde concentrations
within the plant during the time the samples were taken.

The preduction unit area samples (4 locations; 13 samples) range
from below detectable limits (0.05 ppm) to greater than 3.63 ppm.
The highest concentration was found on the greund floor near the
primary reactor. None of the other samples in this area were as
high as 1.0 ppm.
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Two locations were sampled in the formaldehyde storage area.
Analytical results show concentrations ranging from 0 17 to 0 35
ppm with average concentrations of 0.1% and 0.28 ppm. These
levels are less than 10% of the 0SHA PEL and ind:icate a well-
controlled area

10.1.8 General Conclusion on Formaldehyde Exposure

The following general conclusicns can be supperted by the data
collected

+ Supervisors' chief operators' and unit operators' exposure to
formaldehyde was nonexcessive durihg the survey and is prob-
ably neonexcessive at all times during normal operatiens.

Unit operator exposures during potentially excessive short-
term exposures, such as during truck lecading and absorber
sample withdrawal and analysis, were fcund to be
non-exXcessive.

+ The potential existes for excessive short- and long-term ex=-
posure maintenance workers and ¢f service operators Perscn-
al protective equipment worn during maintenance activities
should provide adeguate control.

10.2 METEANOL EXPOSURE

i0.2.1 Production Superviscr Long-Term EXposure

TwD consecutive personal samples were taken for the production
superviscer on each of two separate day shifts. One of the four
sample tubes had breaskthrough in the backup secticn of the tube,
indicating that all of the methanol way not have been captured.
This concentration, greater than 10.57 ppm, 1s still far bhelow the
OSHA limits. The remaining tubes were below laboratery detectable
limits (0.3 ppm}. TWA concentrations were below 1 ppm, less than
0.5% of the OSHA TWA PEL ¢©f 200 ppm and aindicating a nonexcessive
exposure, Results are presented in Table 4, Section 9.

10.2.2 Chief Operator Long-Term EXposure

Two consecutive perscnal samples were taken for a chief operator
during a single day shift resulting in a TWA exposure of 0.32 ppn,
which 1s nonexcesslve when compared tc the OSHA TWA FEL. Such a
low result could have been expected hased on the limited activity
of thig worker outside the control room.

10.2.3 Unit Operator Leng-Term Exposure

Two consecutive personal samples were worn by unit operators dur-
1ng each of four different shifts (see Table 4). Total sampling
periods were 4.6, 6.2, 6.8, and 7.0 hours. The latter three
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samrpling periods should give representative TWA methanol exposures
for the unit operators during these shifts. The 1nitial sampling
period (4 & hours) 1is short of the necessary six hours because

the second cample tube became disconnected from the sampling

pump tube and had to be voided The replacement tube was started
118 minutes after the end of the sampling peried for the first
tube and only sampied for 111 minutes. As a result, this set of
sampies does not adeguately represent the 8~hour shift.

Cne of the s1x remaining sample tubes had excessive breakthrough
inte the backup section (backup section contained more than 25% of
the material found in the front section). As a resulit, this value
(2.02 ppm) should be considered a mihnimum value. TwA results for
the three sets of samples range from below detectable limits to
greater than 1.28 ppm and i1ndicate a nonexcessive long-term shift
exposure sitwation (less than 1% of the OSHA TwhA PEL) for the unit
cperator

Two selts of area samples were taken in the ceontrol building dur-
ing two different shifts to determine the methanol vapor exposure
Wwithin the building Results can be found in Table 7, Sectien 9.
The exposure was expected to be low, even with methanol analysis
being performed within the building. Sample No. 43 had excessive
breakthrough into the backup sect:ion. The TWA concentratien for
cne set of samples was below detectable limits, and for the other
1t was 0 55 ppm. This i1ndicates a low methanol vapor exposure
within the contral building, contributing minimally to the oper-
ator's long-term shift eXposure.

16.2 4 Maintenance Perscnnhel Long-Term Exposure

The survey team was unable to take any perscnal samples on main-
tenance workers or service cperators since none were working in
the area at the time of the methanol survey. It 15 expected that
most exposures of maintenance personnel would be nonexcessive.,

1f workers would be involved in a preject with a potential high
methanol vapor exposure, they would wealr adedquate respiratory
protection, which would be considered adeguate exposure control.

10.2 5 Methanol Unloading

Three area samples were taken at the methanel unloading site.
Results can be found in Table 7, Section 9. These samples were
taken to evaluate the exposure potential during unloading, and to
relate this exposure potential to the operator's long-term expo-
sure, 1f high.

One {(tube 44) of the three samples had excessive breazkthrough into
the backup secticn and thus, the listed wvalue should be considered
a minimum value. The average area concentration during the sam-
pPling peraiods at the methanol unleading period was greater than
3.11 ppnm, whaich 1is approxXimately 1.5% of the CSHA TWA permissible
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erxpasure limit for long-term exposure. There 1s no O5HA short-
term exposure limit for methanol As a result of these very low
levels, 1t can be concluded that methanol unleoading 15 not a
s1gnificant source of methanol exposure From this cenclusicn,
1t follows that the ftruck driver who completes mest of the work
15 also not overexposed to methanol since he spends most of his
time away from the unicading area.

10 2 6 MNethanol Area Sampling

in additicon te the area samples already discussed (control room
and methancl unloading)}, seven other areas were sampled during

the survey. Five areas wéere sampled for an 8-hour shift and the
remaining two for a 4-hour periocd. Two sample tubes were placed
1n series 1n three locations to avoild breakthrough problems
Analytical results are presented in Table 7, Section 9. The 1indz-
vidual samples ranged from below detectable limits (0.3 ppm) to
>13.70 ppm and the TWA of two consecutive samples ranged from be-
low detectable limits to >7.65. All samples 1indicate low levels
of methanol 1n all areas, generally below 5% of the OSHA long-term
TWA

10 2.7 General Conclusions on Methanol EXposure

The follawing general conclusions can be made about methanol
exposure potential at this plant:

All workers are probably not overexposed t¢ methanol on
either a shert- or long-term basis.

+ The truck driver who delivers methanol t¢ the plant is
probably not overexposed to methanol on a either shori-
cr long-term basis.

 Area methancl concentretions are well beleow the OSHA TWA
PEL standard of 200 ppm.

+ Malntenance workers should not be overexposed to methanol
1t they use personal protective equipment during
activities where there 1s an overexposure potential,

10.3 EVALUATION OF ENGINEERING CONTROLS

10 3.1 Feormaldehyde Sampling

Table &, in Section 9 presents the analytical results of the
source formaldehyde sampling. Two single mechanical seal cen~
trifugal pumps with fluid return lines were sampled for fermal-
dehyde during the survey. Concentrations inside the sample volume
were 19 and 125 ppm, with the lowest concentration at the formal-
dehyde agitation and loading pump and the highest at the absorber
bottoms pump. The first pump {formaldehyde agitation and loading
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Pump) was 1in an open area and appeared to have no paraformaldehyde
deposits. The absorber botiom pump was enclesed 1n an insulating

kox and was net visually inspected. The sampling results indicate
that a small leak or paraformaldehyde deposit may have occurred 1n
the pump housing, affecting the sample.

Analytical results for mass released per day for each pump sam-
pled are summarized in Table 9. These results assume that the
concentration released was constant within the volume and that
the leak rate from the seal was ¢onstant. The samples 1ndicate
low release rate of formaldehyde from these pumps.

TABLE 9. MASS LOADINGS RELEASED FROM
ENGINEERING CONTROLS

Daily
Sampling relegse
Tube Mass, time, rate,
Description no. pg/tube min g/d
Formaldehyde
Absorber bottom pump 1929 765 51 2.2 x 10_2
127 K74 31 2.7 x 10 =
HCHO agitation/loading 1862 114 8 51 3.2 x 10_°
pump 85 64.5 28 3.3 x 10 2
Methancl
Methancl supply pump 32 168.33 111 2.2 x 103
42 115.78 118 1.4 x 103

Data 1n Table & show that the measured concentrations of formal-
dehvde at the laboratory hood varred from 0.5 to 2.6 ppm, wWith
an average of 1.5 ppm. &ll of these levels are well below the
OSHA HCHO STEL of 5 ppm. Considering the high exposure which
would be lakely to cccur a2f the formaldehyde samples were not
handled inside of the laboratory hood, 1t 1s concluded that the
hood 15 effective controlling emissions to acceptable levels.
The effectiveness in further demconstrated by the fact that the
formaldehyde levele in the other parts of the unit building only
averaged 0.39 ppm, showlng that the hood was successful 1n con-
firming formaldehyde contamination inside of 1t to that part of
the building.

The formaldehyde concentrations in the area surrounding the re-
actors averaged less than 0.92 ppm on the farst floor and 0.07

on the second floor. These values indicate that the process 1s
sufficiently tight that excessive exposures would not be expected
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cften 1n thas area, although cne of the seven samples did have a
concentration of 3.63 ppm, which exceeds the 0SHA HCHO Twa This
1s not a serious problem, however, because workers spend very
little time 1n this area.

The formaldehyde concentration in the absorber area were measured
te have an average value of 0,31 ppm, which 1s one-tenth of the
OSHA HCHO Twh The burning of gas exiting from the absorber in
the afterburner combined with ats dizscharge high above ground
level appears to be effective 1n controlling the ambient con-
centration of formaldehyde near the absorber.

The formaldehyde levels in the formaldehyde storage area were low
during this survey, averading less than 0.3 ppm The lack of con-
trols on the tank vents seems to ncot cause significant exposure.

The concentrations of formaldehyde at the track lecading stataicon
averaged below 0.40 ppm, with cone value measured at 1.55 ppm.
Even this haghest level 1s well within the accepted OSHA limits.
The ventilation duct appeared to be sufficiently effective during
the June 1983 visit to control the concentrations in the area to
acceptable levels.

16.3.2 Methanol Source Samplang

Table 8 1n Sectien % presents the analytacal results of the meth-
ancl source samples. Table 9 presents the mass loading release
rate for the pump sampled. The single mechanical seal centrifugal
pump appears teo contribute very slightly to the general area
concentration

The concentration of methanol in the methanol unloading area
averaged just over 3 ppm during the October 1982 visit. This as
far beiow the OSHA MeOH TWA of 200 ppm. The use of the natural
Suctlon on the methanol truck during 1ts unlcocading appears to be
effective in preventing a large release of methanol.

The methanol concentrations in the methanol storage area averaged
over 1 ppm, a very acceptable level. The use of exterior level
indicators to reduce the number of times the tanks must be opened
probably is helpful i1n keeping this level down Samples taken
near the circulation pump 1n the absorher area, which averaged
near 0.8 ppm are guite low, indicating that the single mechanical
seals with the methancl loop to help lubricate and flush the seal
face 1s effectave in containing the methanol being pumped.
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Sampling of Formaldehyde in Air with Coated Solid Sorbent
and Determination by High Performance Liquid

Chromaiography

Bonalg X Beasiey Catherine E Holimann Melven L Rueppel and Jummy W Worley*

FAmgearzr Joczmmes Monsamic Agnoutural Brogucis Company 800 Mamn Ligergh Boukevard 5t Lows Mcsourr E3 185

& method for the specific delerminalion of forrmaldehyde In
alr s described  Formalgehyde s sampied with sihca ge!
coated with 2 d.cunitrophenylfydrazme Thsa sorbent 15 ex-
trecied with aceloali-lie, and lhe hydrazone |s determined by
reverse-puase HE LC wih UY detectlon al 340 am The meth-
od wes velidsies over the ranpe ol 25 93 3 4p fermaidehyde
(0 10-38 pprn 1o & 20-L &lr samiple)  Averape recovery was
§4 percent, with a relallve standard deviallon of 0 04

Poter g’ nceupalinnag. ex pocure Lo formaldebade 8 marr
inZut nigl chemige worldwide hias been a =efips concern
The conce '~ hes(d 0n 1 5~ L 1Tant irrtant effeci= 17-

57

and on 118 polertial to react with hvdrnehlone 2od o zor
bisichiaromesh b ether a hnown carunogen ) The concern
has mtensified recenily with .he announcement by the
Cherncal Industn Instinuie of Te ucelugy 51 that preliminan
results of a lung wormnhalati~n «ruds indicate formaldehyde
1% & CATCINOLED 3N Tals

Mamy methods for the determinenon of formelaehyde g
17 have been reporied (2 6- 12 bul hone allows cohvement,
reliable, and specuic measurerner* of personnel exposure We
now report & new sobd sorbent procedure for formaldehvde
which overcomes these probilems The sorbent 1= silic get
enateg with 2 4 dinsrophers [hydrazme  Anals of the re
sulting hvdrazane dermative is by HPLC with UV delection
ainng the dessred specificits Humdits sivd sterage effecic



are repromiead alrag wath Ui reeulte of walidanin ficld 1esting
snd comipaTiv a w,th T widely gecd l'hhl!"l'liﬂflliﬂ( A
prucedur:

EMPFIHIMINTAL

Regpents Fermadebode 07 %0 dimerin ! formamede amd
broruchionie actd were Fisher Cortificd 405 prades Acernn el
%es Byrdick & Jacksan ditidled mn gless Siliea pel was from
Aidsich fCrialnp "o 3" 1al & Grade 15 156 mesh)

% & Dimtrophemihadras m (24 1INIPHT was from Methesin
Celemnan and Beli Authir o furmalidehdde hvdrazone dernaine
mes prepared i g litemature procedure {03 and reensislced
three fimes from e ane' mp 164 16% °C (I mp, 166 *()

Cer. fice poralermainelndi permcation tubes were purchuased
fior~ Merror 2¢ Corprrater o Polveasmetinlene (0 PORY
prrmeaann tulws mere prepan d from o FOM supphied 1o ue in
W M Havmes of the Envitonments] Analvueal Sciences Center,
Marcanie Besearch Urrparain n Devion Ol

Apparatus Pe-uabl sempling pumps were Models TW00 apd
Famvifrar F 1 6y Port oy Nemaars & Co Ine

Tre BT C s omouee e v » Marers Model A0 pump a
Bheadope Stode) “0.10 mer 1= salve with Aledel 5013 lomp filler
pomtand 50 L e volumie Joon & Yogters Nnde] 440 1N vimbile
ehenshgnaee detecta r B0 el with 2 W0 nmowaselongth ksl pnd a1
hinge or Trerryment O ey B 080 reenrder futed with a
SperirlT 0058 flter ane epiifies & Weters Cyu fCorast puord
o' wes veed with & Supelen Supeicos)] LC B 0150 % 4 b mnd
ensivical column

AN erronics Dvmacelibra o RMedel 457 permeation ststern witk
Lipn tempere wre nphon wee used

& (Gemeral Epstemn More' 370 relatn e hurmidity temperature
mon fom ng used ir the hamigiiy studies

Geoeratiop af Formeidehvde Standard Permeatior tubes
of o PFOM were zreperec uerrn 40 mp o 1200 per omoof aeine
twhelenthin!' . n od Tefpnwbing 1) mm wall thirkness
Bo'k the o POAY tubes 27 1he purchased parafirmaldehade
ILDes were veed succeselt [iv tn penerete & gy nam e standerd of
{ornaldebn g m i as Judeed by excellent correspondence of
e cn loszes wb responses ob ained by the present samphrg
p-d prelvt oo’ proredure The permeation chamber nac kelf o
92 °C for a PON and &t 72 °C fo- parafo-meldebade Permeation
Iites wite 448 ng e cm oanc %5 pp men om respectneh

Preparation of 2,4 DNPH Coated S1hea (2! Y en rareful
etiertior rus be gover fotke detands of thie proccdure Lo ohtmm
& pect.ng of suistle capacits and recovery For exemple the
t rl.ve £F 24 DNEH n DWF s unstable and must be oeed
guick’s  DMTE 15 ueed breeuee af 1t superior solven? prope ries

Sucape’ 1251 ik places 1m e '00-mL round bottom (RB1 Mash
folicwmed by 123 mL of 6 % HCl DWF, 40 mL s 2dded to B
BemL volumeinc fesh comanng 30 24 DWPH  This fuixture
5 sw rled 10-15 & quichl diluted 1o the mark with additianal
DMF on? immec.atels poured through e glass woo! plug in &
funnel into the flask conta:ning the siicp gel and HCl  The
volumetrie Nash and glass wool are rmeed with an sddwional 3
il of DMF which s also pdded to the RB flask  The mixturs
 zllowed tn stend for 30 min with occesional swirhng, before
solatior. by sacuus filttetion The coated silica ge! mas be ninsed
3pemingl. with DAIF [2-3 mL) Exressive weshing voll result in
decreased capacits for furmaldshide Tt s left on the filter paper
with continued aucac- for 1-2 run and then tranderred quu b
bo g 100 mL KB fiesh Moe dried under vocuem at iu °C fur |
B, with brief turmirz evers 10 min Continuous turming, a& on
B rotars espporalyr was fuund to prind the peruches too fineb
and resuli in anacceprable back pressure 1n subrequent air sam
Pling Much longer druing 1imes ps prerpught apparentls com
Hetely remone regidual DNF end resuls in decreased coliecthion
efficiency

The stran vellow colored caated filice pel po abtained s stored
In 8 ghass hotte cortaiming r stopper of polspropslene ur ather
acceptable material Bakelite caps must nut e uwd a2 they wil)
sontaminate the coating  The copting normalh i stahle for at
least 1 month but ahould B rechecked for qualily evers warh or
1]

Preporation of Sampling Tubes The collertion device
#glass tobe 10em X dmmad x '/, in od contaming & WX n-g
front section and Thmg hash vp section of the tnated siben gl

ANALYTICAL CHL1: STPy WL 52 NO 7 JuUnE 1860 = 111

0B E & I O
MINUTES

Figure 1 HPLC chromatogram 1or myschion of 4B g of form-
aldetwvrs-2 4-dintrophenyhydrarone (eguivaler 1o 1 0E apm form-
aldetwde onoaw 1or & 20-L Ar sampie]

The sihics pe! 1s reta:ned at each end and the two sections pre
cepar ated b =mall plags of glase wond! §1 e gselul 1 have & emall
inder ta110n 1 1he glass tube bohind Lhe back up seciiom Lo eneure
the packirg s held in place duning sample collectior

Tulws, prepared as descrited here vere found to have a pressure
drup of 75 1n BoO 81w flow rate of 112 ml ‘man Thes have a
tapacity of =127, p CHAO (5 ppm for o 20 L aor sampled before
sigreieant breahthrough occurs repardlese of humid.y

Arr Samphng  Samphng in the laboretors was done b
connecung one end of a samplasg tube 1o the Stream Ouile
of the Drnacalibrator viz & shert blength of 1/, i 6 d Tellpn tubing
and the other end 1o one of the Dy Pont pumps Formaidehade
inading= were vaned by ime of collectinn with constant pet
meatian angd flow rates Tvpicalls the output of the permeation
devigs wos et ot ~10 ppm and was "sampied at TO0-200
mbl/min Forstoedies where a ful]l 20 L or moze g:r sample was
desired but not nbiained by this «emplhing procedure 1he make up
it was obtamed from additionn! sampiing  of zero a7 sugphied
by the Davnacehibrator

For the humidits studies the additiona! mr was humadified
b bubbhing through & seturated solution of potassrum sulfete
faR-23% relotu e humidds ) in an gpparatus that was al] plass
meem (of the probe of the humad iy monntaring device

Firld samples in produstion [aciliies were obitamed psing the
D Pont pumyps A tvpical sampling rate was 110 mL/min For
field sxperiments with spiked tubes the ipihe v es ppplied to the
tube i1 the laborators using the procedure descrnibed sbhove

Anahsis The front section of the collechen tube including
the from glase wool plug s transferred 1o p 1-dram vial contatning
2 0mL acetonutnle The back up sectioh and 1he glass wool plug
that separates the two sections ate treated similatly  The vinls
are stoppered with polyprors lene caps (no Bakelite) and aliowed
Lo stand overnight

For analvsis, ~0 2 mL of the desorbing selution 1 inyertad into
the loop fillet port to provade Nushing end loading of the 50-uL
imeclion solume  The wvstem also s Tushed with CH.Ch between
inectinse Mobile phace for the analveis s 63735 (v /v wuter/
pleminie, pamped ot 20 m! men Twvpiesl chromatoprems are
shown in Figures 1-2

Quantitetion an thie work was done by pean height vung e
calihration curve penetated (rom g sones of stardarcs containing
10-400 pp/ml authentsc formaldehvde 2.4 dintrophens]
hvdrarone 1o scelonitnle (corresponding to ~0 1-4 6 ppm CHAO
in it for a 20 L sample)

RESULTS ANP DISCLISSION

Sompling for personnel expusure b Lrupping the substance
of nterest on a sohd sorbent has become & fairly routine
practice |14]  The mnicnal s desarhed from the sorbent,
cither thermally or with salvent ond sehsequently determined
by vanioes techiugues often spenficaln  Salid sarbent sam
pling fut persotinel exposure 1s much preferable to hquid
abeorbing techmiques becanse of potential fiche to the wotker
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Figure 2 HP.T cheorms o5 a™ 10 mecton of Sample resuing Irom
coezpm o AL 2 ot o mazetwere |4 5B ppmiio 2 20 L sampe,
C™ g 2 &DNTR SO B0 5 25 gel WO B3 gescribed i the Expermelal

SEITIGT

._._. _

ny mns

MhLTES
Frgure 3 HPLT tmrpr-atog amotor 2 e sample at g 1gcalion where

16 malge™ 98 5 uLed 3% 5 raw M € 13" The sample was Detarmmed
fo regresen [ ES ppm lormaldehyde o aw

posed by gless impingers contaiming varous haquads
Lrfor.unately the solid surbent techmgue s often dafficult
wodo we b hiphly reartive molocules The matenal may nat
mri W s chomecs] mtezrsy during sampling or sulkequent
goomark o0 leatshoos Lomay enidize Badralvzs pobon
er.ze ur Ladergo uthes tranddurmabions YWood and Anderson
(7= sereeted many sobid sorbernds for sampling form
aidet de a: d {eund mene entizely cunable for formaidehde
retenTw 2 pk hurudes levels Fimallh dumina was chosen
bot it re 12 be psed for ond o 30 min samphing pernd snd
had 1o be desvrhed mmumediatel 1o prevent puor recosen
4 lemice]l approack for formaldehode and other reactive
molezules then s 1o coat the <olid sarbent with sume meternial
which wall eher mesderaie the reacingty or else wake advantage
of it and direct 1t toward stable products which can be readils
de<arbed and analvzed and which are gs specificalis iIndicatine
o' the eriginal substance of iniersst as pesible This approac

mai &lso help with ihe problem of low sorbent capacily tha 3

i observed ofoen with smual molecule

Hurles aad hetcham 173 applied this fpproach o scrole,
whith way sampled witi charea o omegicd wetb hydroguinans
Our methed (76 Tor chlureacs ) ehlgmide 1o wr s relewed  The
arid chloride 15 trapped on wiltca pel and determined by on
chromatography & s by dro™ - producls monechloroacelasa
and chlanide Herethe derivaiizing pgpent s water whuch
has a high affipity for silica grl

kam, Geracy, and hup) {771 recentls reporied # solid
sarhent procedure for fermaldehyde shich vtihizes thrs eon
tept Formaldchade s sampled on charcval impregnated with
an oxidizing agent, proprictary tn Barneby Cheney Co The
reactne furmaldeln de is oxidized Lo the more stable formete
s<proies. which 1s subseguentdy desorbed and determined by
n chromatography Thi<os s sipmficant improsement mer
previous methods, but 11 1s not completels speaific for farm
aldehvde, and it may no* be read.ls extrapolstabie to ather
aiderides and certainhy not Lo ketones

Use of the ecoaied solid <orhent spproach for formaldehde
wnrks well in the pre<ent case 2.4 Dimtrophenslhydrazing
g1ves 8 stable derivatine which mas be determuned with good
sensitiviny by HPLC

Samphing The hey s0 the precent word 15 the successil
reparatzon of 24 DNPH coated sorbent of smtable capaciy,
collection efficiency, and derivatve recovens 3 anous sorbents,
including alumina molecular sieves and Ambersorb XE 347,
were inesupaied belore selecting sihice ge! DWIF war seleried
as the best solvent for 24 DNPH elthough sipmifican:
problems with mstabiiny of he 74 DNPH-DAIF miivture had
15 be overcome Apprommately 20 experiments were done
e define the best sequence and teming of operatans Several
ken points were idenified  One of these uas the necessits
of having HClan the preparalion, possibiv either to catalyze
the reaction of 24 DNFH wnh CH.Q or wo actnate the £llica
pel surface Coated salid snrbent prepared waithout HCI gave
results 11% lower then those where HCI was used The
relatine decrease was constant over a 20 fold range of form
gldehvde Juading, indicating 1t was due 1o desreaced collection
efficiensy and not 1o decreased capacity  Mo<e str Ling wes
the efiect of order of addition of reagents Sorbent prepared
in which the 24 DNFPH was dissoled firat in HCU 10 preform
the hvdrochlonide salt followed by DMF, hed & 40% decrease
in coliectron effictency  ‘This result 1s not well undersipod but
may have to dowith wetting of the s:lica pel  The procedure
as dehined In the Experimental sectien has been found to
reproducibly give coated silica pel with 8 good collection ef-
ficienew, eapaeitr for ~3 ppm formaldennde (for 2 20 L aur
sample}, and deratne recoven greater than 90% However,
evers batch of coated silica el sheulc be cheched in the
laborgton Lo ensure qualiy before s vse fer field samphng

The choice of acetonnrnle for desorbing solvent gives good
recon ery of the formaeldehvde demnatve and 15 haphly com
palible with the mabile phase i the subsequent BFLC
analyas

Analvsis Scveral repuris (6 7 78 have appeared pre
viously on high performance hiquid chromatograpts of 2 §
dimitrophensibvdrazanes ancloding ane (6) speeifically for
getermining aldehydes i a1 using IMPIREeTs conlaming
24-DAPH  Detection was by LY at 254, 336, or 320 nm

In our hands, the chromatngraphs was sLtairhtforward At
the levels of interest, we encountered sigmeant background
problems 8! 254 nm These were not present al 340 nm

A 1spioal chromaloegram for avthentic formaldehvde 2.4-
dinitrophens lkvdrazone is shown an Figure 1 The nature of
the small shoulder on the back s:de of the hvdrazone s not
hnown but 11 was reprodocible and also wes observed
samples from the trapping of 'aboratory generpted standard
formaldehnde or Neld samples with the 2 4 DNPH-conted
rilica gel tubee (Figures 2 and 7+ That 1t 15 ohserved wink
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on. 1 Ru 91 0044
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A Bawed i 2 20 L wrsamp Amount bas d oe weagh
lass of peroucatios lule and time of calhvchion al ton
stantrate ™ Aserape of o sampies Measutements
were Les ot Tar o Be < by G hhie gest 79 20y a3 e
467% conl i nec ievel f Fool rE of the indmadu d KRIs
gavs the reseloof 0037 with 2 salue from Barthoqr s
teas (0 Myl 49 50 Omatting the HED at the § 0Y
e levecreu Mo a ponkd KSD ol 0041 wath a? of
OCFerticadvalneg “nmy ot the O 01 Jewel are 13 2o for
[owr doprere of Irecdnm and 11 34 for throo degrees of
freeze=i

autheric Wdmaze e ndiza' o~ 01 15 nos related 10 the 24
DANPH-DMF anctabedsy problem s relatine retention
chanpee cepescing or the paracudar HPPLC enlumn uwed A
Walers Ascocszes p Bondapa) Lo colamn was foond tngne
acrg.c stovppezh with neshoulder UseofaZerhax Olis
colu—n ‘DL Portires.le2 in a small sheulder on the front
side of the mamn pezh

A gzl bacl mroand prak, equralent o ~0 08 ppm CH O
fore Zu L ar sanple was rovunel present i blank sampies
prepared . the lanematory Ohne source uf contamination that
was pheerved and ehould be avoided 1s Baleliie bottle caps
Bare *« o rourss 15 o poivmer prepared from formaldehs de
and premol  Apparenth enough free formeldehy de s gvailable
1o cavse a low level bachground

Validation The methoo was {aborators salidated v
genevatm g ©ia s2mpes at each of fise Ievels equnalent o
01-2¢ ppr formeloshvde fur 2 20 L nir sample The results
ere summerzed in Tebie | Averspge recovery was B4% 1he
poa.ed coelficiemt of vanation o relative standerd deviation
was 0 {m Precisign gt the lowest Jeve! s probably artificiathy
good it to the nadequacy of ihe peal height measurement
gt thie ievel A Linea- regreseion of formeidehvde expected
15 found shoaed excellent correlation, with 8 slope of D85
and sr intercept of ~0 01 ppm

The bacr Lp sections of al' +alidation samples were analvzed
alsp Mo breahthrougn wes ubeeried

Humidity Studies For uncoated sold sorbents, where
the collection it clea]y b, an ad<orption process, increased
hurmudity generally results i an increase in breakthrough For
formaldehsde particularly {7-10), this was poled to be &
sign. ficant probiem  Possible humidits effects in the present
case were studied by examining brth breakihrough and re-
covery of formaldehy de spikes on 24 DNPH costed silica ge)
tobes that were ured w0 sample 20 L of ar at 96-99%
telslive homidan

The spike in all cases was equisalent 1o 4 ppm formaldehvde
and wes applied 5y the permeation device either before any
wr was sampied or efter 5 of the 20 L had beep sampied The
lgtter case afiowed the sorbert to be somewhat precondiuoned
o ern potential effects of the high humidi

No breskihroagh into back-up sections w as obeerved, and
recoreries of formaloehade or the dernative, either imme
duately after sampling ar after five dave storape, were within
the statistical imits of the validation results, with no appare it
biae

Btorage Effects Oftrn it ic ot practice! to snahy s or

tven to desorb & sample fnr severn] davs, parcnlnrly of thg o

semple & heing khopped ofl e for pa dveis 10 wonn coees

T T N O TR T
b

LT T

s peaudts i aprificant wamplt dosc or particulaty i the
Lol volatile r.‘umpmindi. \1gr11f|ra|1t migEratson b samplr
Heahe bath wp o section, resulling m s laiv wndeanuon of
broakthroupgh

In tht preent cewe, storaze studies sndicated Lhet samples
shild e desorbicd wathin 1- 2 d s for mavuimum recavernies
Lavinen w160 30% can vocur aler 5 dess The resultng de
surhicd muatures ane steble Tor some ume Hecovers of [ntm
aldehide was unchanped for up 10 20 davs for relnigerated
disorbied solution from which the glass wonl and silica pel were
removed after one das and for st leatt nine deys if the glass
wunl and silics pel were pot removed

Ficld Tests ‘T he performance of this method wes evaly
ated in several 18518 gt three indusinal Incations where form
nidehvdr < ustd ac p row matenial in teo widely different
proceszes and where g preat dnersity of other chemical pro
cesers are in operatinn nearby  Appraximatels 75 semples
were lahens  No semphing or analvtice! problems were ob
served Mo breakihrough inte 2 back up section was found
The jargect loadimg was 106 pg fermaldehy de obtained over
apennd of 30 hat 119 mbl fmin (ambient temperatyre, ~32
°C relative humidin, 51%)

Same additional feld results are discussed in the next
S0 AL

Comparison Lo Chromotropic Acid Procedure The
must wadeh wsed procecure for lermaldehs de i air a= col-
lection of sample 1n an immnger of water and subreguent
st rophotometne determination using the chremotropie acid
pracedurt (2} In addition 10 the usual dwadyvantages of
impinging methoeds the chromottopic ecid procedure has long
been recogmized to e subject 10 many mterferences We
cumpared the new coated sclid sorbent procedure with the
chramptropuc aeid method and found thet the new procegure
gres hegher results both in the laborators and in the field
Furthermnre, the sohd sorbent result appesrs to be the

Currect answer

In the lehoraton water-contgimng impingers were used to
cutlict standard formaldebyde vapur from the permeation
device Subseguent determination wes done with chromo-
trapic acid with calibration based on formalin solution whose
concentration had been determined by titration #ath 1odine
These results often were 15-30% lower than thore from
comparahle samples vsing the 2.4 DNPH.coated silica gel
tubes, with celibration based on authentié hydrazone desiv-
atine The hvdrazone results agreed exactly with caleulated
resules besed on weight loss from the permeation tube As
er additional cross-check, the fertnalin solution also was de-
termined wsing 24-DNPH and HPLT This result gnd the
1odne titration rasplt were identical

The lower results nith the impmgers are not due Lo poor
collertion efficieney or to sample stabolity, since formaidehvde
levels did not decrease when up to 55 L of arr were passed
through the svstem over 3 h et temperatures up ta 48 °C

The discrepancy between the twa methods was checked
{further sn the Geld tests Results from the chromotropic aoid
procedurte were 27-28% lower than those [rom the coated
silica sorbent method

The results lrom one field study are shown in Table I1
Faur sulid sorbient tubes and four tmpinger assembhies were
=et at the same samphng location The varnous devices were
within & few inches of each other but the samphng inkets were
not tnntimate contact The mean of the sohd sorbent results
was 2 2 ppm. with a standard deviation of 03 ppm The mean
of the umpinger results was 1 6 pprm, with e standard deviation
of ( 2ppem Ananprired "' fest showed that theso tosulik were
stulistically different gt the 955 confidence leval

Thr rerults af another fiekd teat wong both spiked and
Hemnpribed nolad Buzlicnt b uimd impingers pre shown in
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¥ Gamplis aralveed By the HPLC method desenbedan
th Expecmental eor con © Samplos analvzed by the
chromcropic acid procecure 1M

Tabie 1] Resuits of Field Tests Limng Both Spihed and
L nspiked Collectiah Devices

pmbien!

CH C

cancn

tolel {1olLal

noef CH O CHO mnus
i spoaed, found, spihed)

se~p'e 1y pe ples  ppm PP ppm
cozlea s licg go! 3 LES 1%Bk ooo
coa'ed snca el 3 G O &7 GE7V
h AN 3 ot 140 0as
imp nper 3 Q0 D &é 4] 1]

Tazle 111 Ir thee test the spibing amoun. was fortustoush
g —cet 1z~ Lice] o Jhe amtuent formaldehy de concentration
ohnemved Gooc sphe recovens wes obsened The .mpinger
rec s were PE% lower than in the solic sorbent results

47 oz pompletion of thie work a similar method, using GC
Ergnsig a1 8 %AD 2 resim coated with 24-dimitrophenid
buf-anine was reparnied 122)
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For—zleemicge Ei—gl.—c Froceoures

b 7He s&p--mg tubee should be placed in a vertacal positieon during sampline
to riT-~.ze possable channeling througn the tubes.

e T=g tilbes labelled "Elank"™ and "Spaked Blank™ should be placed, witn enc

: F

cars ©m, AT tne area sanplang is takaing place. Tnese tubes are for gualaity
CoTLTC.L PLUTDOSES

i TeZ tuDes, cre ‘Srisned"” anc one unspiked, should be used to sample tne
ErYz2a S_TMe.L&"EC.ElV LIGer tne same condztions.

- Tre orspxt ez tope s2mpled elong side the "sprked" tube an Ster =3 snould
e proverl  toe-tiilex - -

: T "E.zv¢' tuoe &nz “BErile" tioe as in Steps w2 and 3 shcould be usec eacr
SATIliTC LE, T tTE TETTer previoesly cescraibed.

£ rlease keepz tre gercling tanes refrigerated when not in use to enhkance tne
sterxi_t, i tae parchinc

T Tne pacr_mo materizl in the sampling tabes 15 stable for two weeks only
Thereliore, rre™oi BE™TIING anc &RElvsis 1S 1MDOYLant
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Methvl Alcohel

1
Anzlite Metml Alceoncl Yernoo BWo. eI
Matris Alr Range  la0-348 -olzl -
0S*4 Cra-czze 200 ppm (250 =g/cu m) “recasien (CV.)  2.070
&

ACsSoIpriic oo
desgorptie- wi
GC

FProcec.re

L
-

RELICETIOT DatE
th water,

5

1. Pro-ciole of tre Methad
2.1 L teown wolume ¢f 2lr 45 crasm tarougn 2 silice gel tube te rrav
the £rganic Vapors present,
1.2 Tre s2liza gel in the tube 15 traneferres te z szzll, siopoerec
sarcle container enc the analvte ag cescrbes vitn water
13 Zin aliguet of tne cescrhec sewple 15 1-rerCtec 1ate g pas
crrosatograph.
& Tre zrez of the res.izzmg pegk ¢ determirec znc comcarec it
graef ohtainee frec t-o i-jectiiom ef stamceris.
2. Fz-pe g=: Se-sgivivany
21 Trig method wes valiczied ever the Tamgs ©F L-0-5340 wpien -
21 &7 atmospheric teoperature amc press.rs of 15 € gns 7ab =
TE, LSImg & nomanal 3--ter sample  imeer the conditiens of
sarrle size (5 laters) tne prodsble varegs ¢f thts method is
Z3=Cl0 ngfcu v g2t & cegecteor SEnsltiv‘“ t=at plies nearih Iuil

cefiection on the striv
The method is capedle ©
cesorption efficie-cs

be determined pver the

22 The voper limig of zne
acescrotive cavacltv rf
vt~ the cpncertTatics
e EAT.

Tefes ™ of the araivre
minute for 52 winutes

15 @cegLate.

The first sectae- of
to npld 5.€ mg of tne anzlvie wher 2 test

crart recorder for a2 4-np sa2mvle
measuting Tee~ gfzller zmounts If the
Descrprior eificrency must

LT

Tange used.

Tampe 0f the rernod 18 cCEDERCETL O ITE
thne s1lirz pel tuze  Trig pEDaiitt WETIES

Ct the anals e a=r- o -er substavies -
cta tne sxlice gel t.pe was o7
srrosvhere of 5ol
LeooPV BIT WaSs &&-ples 2r O 2 liteve zaT
¥reaktkrougr pcruTred at rris tioe,
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3.3

3.4

the ccncentration of the analyte in the efiluent was ZX cf
i tne influeat, {ire silaca gel tube rorsists ol two
of s:l:ce pel senzrated bv @ section of urethane Zozm
jom 6.7 Y If a partacular atmosthere i susvected of
laree ameurt of contarinant, a srmaller semplan
4 be taken

Inrerference

Then tHe g=cunt of water in the air is so great that condersa-
tually oczurs in the tube, orgamic vapers will nat be
= eificiently.

1™a~ two ©r TOTE COrpoOUnCE &TYe ¥TOV Or SUSpectel to be pregent
<= L.¢ o1, Soc™ imformaticr, affelucing their suspected icerti-

-

3

ries, s-culs be tramscittes with the sa—ple.

1t mas: be erchasized thet s~y cossound whiel has the save ve-
te-cior ti=e 25 the spesafic compouns uocder &tuc At The OPeYEILNG
cendat-cms ceseribed It fnis metho?d is ar Interfererce.  Retertzer
ti-r rzta o & siwgle colusn ga~not be corsicderec as proel of
crevicel rcertaty

If the poessibility of interierence exists, separit icn condi-

ti:ns (celu~rn ﬁacking, temacyature, BiC.) rust be charged to
circurvert the probler.

Preciafion 212 AcCCUuTIaCY

4 1 Tz Ceoeffirient ©f Varietic- (V.Y for the tetal zmzlviical anc
sam~rling metned in the range of 140 te 500 rp/en m wac 0,082, Tris
vzlue cerrasponcs to & ste-dard deviztion of 1€.% rp/cu w at the
ct-f srarzzrd level., Sigristosel znforzatior erc ceteils ol the
w&licaticn g0 edpeyimertzl tes: nprocacures car oe found In
RefeTrerce 2..2

4.2 Tre grerape velues orptainec =g the overall sa::_i:g enc
2-a) *t:-21 =athod were B C° lo» r tngr the 'tTue' velue at tne
QE¥5 stgnozTa level.

.3 The 2tove cats are bages on velidation experamerls using tne
intermzl stancerd merhoc (Reference 11.2)

teo.z=tzoes z-7 Dicadveetaces pi the Method

X1 -~iimg decice 1s srell, wortasble, znd dnvelves re ldcuics

A
L L
Iril
EII

'l
(Bt

ences are pininsl, ¢¢d moss of these whie» co CCCwerl CC™
atec by altering chromatogre™hic conditiors. The

gre aralized bv reans ef & ovicn, 2TSCrucental ™eLnel,

€ methor epr alsp he Lsed for tne simuliareous AnElhSLs ct

oY rove conpounds suspestec to e present In the same sarclie by

sirzlv charging gas chromatogrenbic conéditions frem isctrermel to

& te~oergtJ re=~progravred toce ol CRETELLON,
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tne disegrantape of the method is that tbe anc.nt of sartle vhich

czn he gahen 15 lamites by tme nuorder of roifligra™s tnEl toe
cohe w21t holc before overloessing. When tne samp-e xa¢u: obtainf;
-cr tne Backuo section of the silica pel tube enceerds 25% of that

founa on tre front section, the possibility of sz~dle loss e228LS

TurzhermcTe, the precisien of the metlod as lirited b?ht“e TE"
orpgucantlisn of the BTessure 4TOD across the tubes, 1als Qreyn
1 sT-ect toe flow Tote =T caLEE TOAE volure o fe 1TLIellse,
-

*

W G
heca.se the Dump if usuanl. galiprated for ome tuse D

- colitréiter wervecmgl sprmliice v, vmose ILC 0 fom € peterrites
accrra-el (=237 z+ tre reco—~reg-cec flri Tzte, S=fgre-ze L1 3D
®I1ldcz gal tibes flase tube wit- bath erce flave ecilan, o
igrg ~2th 2 6=r~ 0D apd 2 Lerr 1,0, po~tEi-img _ f_z=ignLf

ol 20747 wesh silice gel sevETEter D & 2T TUTILC £ oTELTENE
foe— Tre ghsorpimg sectze~ comizivs 100 e ol ex_ oz el

tme matenT section S50 wp 4 Semr morrien of Lret-cins fo-

is Tizrec hetoeen TRe outlet e~z ol the tube 2~c -2 tec .-
gecticr, A vlug of silvlete:s glacs wool fs Flci.z -- Ive-. of
—E *

cserbing sectiem, Tne pressure drop acrcEs e ILRe T
g thzn one 1ncn of mercurv et a flow rete =7 L 1.t

o e S Ay - - - - £ e T P L .
Geg chrowategrant ecuippes w2zt~ 2 fla%ve 1p-Lietic— cetecsier.

Colt— (10-%t % 1/B-ir =tzinless stael) packes vicr 175 TFAP on
EG/LOD Chrowosorp W=ak,

Two-—2ll=later gless gz~cle COTTELMETS IIn flEEE E£ICTDEYS COT
Teflor ~izned cape 1Z a7 =atc—atif $&-7le 1rjeTicr 15 usec, the
S&mZle LTIECIDT WIRIS 2T DE LSEC.

Yierslitey syringes 10-.0, sz other corverie-t sizes for maling

Eol

standaras.

Plpets 1.0l celavery ¢ e
Yolu—etric {iashs 11 =2 rr coaverze~t gi1zes for rarire
sterzard solorionce.
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- 7 dpe~ 2 riectcl (reagent grade)

7 3 Puriiizel ritfrogen.

T L Frez.rifzeg nvdrogen.

© 3 rilterec covpressed alr.

Drazedure

SThcELYLE

£ 1 Clezrim~g of Zguipment. LA1. plessware used for the lazbeoratem
g-al+vsis sroelc be ceterpe~t wasned and tporgughis tirsed sith
187 watcr 2—¢ fdistallec water.

= & Telitrzizc- of Persongl Pu-cos ZECH DETSOTaE) DoUTD T.5% pe celi-
hrate?d it~ 2 represemterite srlicE pel rube 1m t-g liqe This
vaol Tivirize errers sscociites with uncertaintzes iInm the cawple
voloze corleccted.

c -

c

[a 1]

iy

cilecizem g-c Srippirg of Sawrles

11l

1k

Lat

[ =]

L7}

L

Fa )

~J

_rreciately befrcre
to zrovilce an cre-img et least che-hell the

coereter of the tuse (2 re).

Tne sraller gectzon cf silica gel is
a~c snculé BE pesotic—ec nearest the semblirp purp.
e2c be placec
~ize channelirg throogr tre

£:- zedre gawplez =>c.lc npt be passec LY
tT t.ri~g before e~tesimg tre silice gel tide,

sz—~ling, break the ercds cf the tuze
internal

used a5 a bael-up

in & veriicgl gireztior

rosE

~zaima— gartle ga-z oF B o ldrers 1s recormescec
Sz-z.e &% a flow of C 20 liters per —ir.te &r less
Tne Slow rate shoole ce kKnown witn an acclrier of al
leger =5L.

The tepperarure snc pressure of the armostnere beir
garried should be vecorded I the pressure readom
rot gvaileble tae elevegrion should be Tecorgen

It the

3
T LTl Ll -
[T

“heg silicez gel tunes gnoold be ceovec
tlastir czps Immec-azels zfter sampling
CrriLTSIANCes §no.lz roooer Gaps be uwsec

L]
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Trg tapeg should o¢ qenolec ar the szme Tarner as the
sample tube (presl, sezl, a~a tranepori), encept thar
"0 z2T 18 S&~plec tnroopt this tube Tonas tibe shoulo
be labelec as & Blank

Tgzrec tubes sncule be techee taghtly ard pacced befors
T~ey &re s~ipoced to ~indrize tube breakape guripp shi

¢ se~cle of tre s.spected ceorzoune shovic be subratted
o the labereiory 1in plass containers with Teflon -linec
czos Tnese ligueic hyl:r sarpies shoulc ot Se trats—
TIries It lhe 557e Contammer as the szizcz pel tubes

“revzraztien of Sa~slise, In preparetien IoT BT&ivels,
gzc- elldea pel t.:p i5 szerved with 2 file i- frer: of
Tre SISt secticm ¢f s2lizs pel ané croven ooe~. Ihe
claee wool IS YeDo ec 205 niscarcel Tre silica gel I-
t-¢ farsy f{lerper} secpap- 15 transferrec te 2 2-rl
S{OTDETE0 EETPLE £orTatmer or aateormstac gemple insecter
w121 Tne genzrctirg seetion of fozr iz veroved and
fiscarced, the secend septdon is transferren to another
savnle container or vigl. Tnese two sectiors ere

gnalvzed separatel-

Deegerpiion of Sarzles. Prier to aunslirsis, 1.0 ¢l of
€igtalled water 1s taivetted inte eact Savple contairer
Descrpizon should be ¢one for 4 houors. Tests indilcate
that i¥Yic 1s aceouvate 1f the sarple is apgitatec
ecersio~ally curane this period. The sarple vaizls
should be cacped as scon 88 the watey 18 acaoed to
rzri-zze evaparabzar.

G™ Ce=dzzzeme T-e taoical cperavi-g ce-citiome for t-e

1 T oeifeam (BT peig) ritroper carrzer pas flow,

2 30 r1/-inm {50 peig) wadropen gas flee to cetector.
I 3% pifmin (537 vsie) air flow To ceTtecter

& c07 C ampecicr teroerziure.

. 30" 0 ra—ifclic temmerature idetector:

Ln

™m

B2 C colu teterat.ore

67



B.&.d4

T

in

Irteccie~  The first step 4n the enelvsis 1s the In-

ject2on of the szrple irte the gas chrometegraph. Tt
elizimare giffieculiies arisiﬂg frco bleow bacx cr dise

the solvenr flush injecr:nn technigque. The 10—L1

gvrirge 45 first flyuched waith selvent severzl timss to
wet the barrel ené nlurger. Three macreoliters of sclver:
are crawn 1irtec the svringe to increace the ECCL”"' Al
rerrocucability ef the injected sarple velume re
neeale Is reroved fre- Lne solvent, and the ElL‘EEr g
rullec back aboutr I Ll to sesarate the srltet flosn
froo tne sample with 2 oocket of alr to bhe usec ag 2
rzTVer The neecle 1s then 1msersed in the sz-nie, g+ ¢
a >-.0 aliguot 1s tigrgrave, taking Inte cons.cereiic
tve velore'of the neecle, since the sarple ir t-¢
will he covpletelv irjezted. After the neecle 1o ¢
~cves frc™ the sawvsle ans praer te Injgection, toe
rlu~gey 15 pulled bach 1.2 .1 to rimicigze eveicreticr ci
the sg—ple from tne tip ¢f the needle. Obgerie trat

the sg-zle oceunies 4.9-5.0 ul in the barrel ¢f fne
gvri~pe Duplicate irjections of each se-rle a-d
stzr~card should be mace ho rmore than a 3% drfference
in area is to be ervecte

Am eviomatic sample arjecter can be used 2f 1t 15 shewm
to pive reprocucicility 2t leest ms good =2 tne selver:
£lus; technioue.

Measurement of 2rea Tre aresz 0F the sprTle mesw iz
~ezSLTec oV AT eélectTorif IMtegrAteY ©T scve DITEY

svztedle forr of zrea tess.rememt, and preli—ivEr. re-
s.1ts are regc fror & etancarl Ccurve preparec f Cis-
cLsees below (see Secrien ¥).

gric™ ©f Tesorptaon Efficiency

Irporiarce of deterriratiar. The descrprion elfzg
of g particular compoanc can vary fror sae lapoTatony
to grether and 2lse fror cne batch of silice gel ¢

annt*er Thus, 1% 28 necessary to aetermime &7 ieast
once Lne percentage pf tve svec=foc cCorpoung LLE 18
rarnpgves i~ the desorpiicr PTOCESS,

Procez.re for ceter-imirg cescrotzen efficiers, tilice
vel ex.dvelent the groomt 1t tne first sectism ¢

the sa—pling tube (100 rg} ds measured irto a I O-rl
ga-ol& corteirer TRas siliece gel must be the sare

GE
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« me a5 trzat ser .- chraziriap pre sz-nles arc cem

be potaznes fro- u-vsed gilics gel tubes 2 Lnovn asount
¢f t-e grel-te ;g z-1ected citectly 2rto the rzlace gel
vit~ g 1%~_.1 5 riage, a~¢ t-g tpriziner if cevoec The
emisLat i-"ecters is ecodrelp~t o thet present Ir £ 5-
liter samole at T-e selectes lewel.

tr leger &1 =uoes &t eac~ cf poree levels (C.3+, 17, znd
DM tme STETIaYeY EYE DrEs2Tec LT TT1s wErTer ond sllowed
to gtamr fo= ot lpzst DLETTIENY LT AS3LTE COTTICLE BOEDTDS
Tiom oef in€ emalite ONEo Ine SILLSE BES Thnese sin tabes
gre vefevrer 1o gz 1ne sg~oles ; mzrelliel slzmy tuse
£-2uLlZ De tregTec o tMe SETE TETUET BFOEDY TUET - osaTpie
13 zzced fr 2t T-e sa-zle arz xle-  tunes sve cesoroec
g-2 gmelzel - g2l tne seme TITTMET &S5 thE BATDLIITE
tuoe descrires = Sectzem S.-

Tne welpg-T o7 g-gl-te Foomc v Ecct twie e CcIfer—ined
fomm te gti-t=zvs savne {(Sectio= GG wEEITmtier pffipsprruy
1E cefer-_~e 9 tre follo.oimp ecuziion
D _ Lrerage (elptt TTIo TeRCOVEIEC
- weigrt {—g) acoec

Trg gesorot-c— €f93epz2enc- 15 depercent et the arow~t of
gnelvie cocliectec or tne silics pel, Plot the aescrpiiom
effaclesss reTe.c v1e founc Trap

e weight cf z-

z
sem 10 L tooac

™
1
]
*1
8 |
3L

fr
o
rr

=4
rTeyest 1 Trercrel ET. gmel Zer _-ceT Tte gamr LT
) CL':'.."'_E: T m EFTL TLITE TEYLLD ZE UTE LT TV BEEYTOES
TEIlisTel T ToCtIiTE CETCe-Triticts - oS-l iTs.s

sol_tiens enc_Le te gralvzes zt tne
1
4

“ELSE 1T oLoTE “-.B W11 —iTiize Th

- - . = [ - —— - -

2 VELETTE, I TE, ZIOVTESTLTOLTT W0 EEC tSIw E27Es Ei g
- S mmaa - amum e T -t e owmp = 1 (S -

= IEZRE (DT TTE TIETTEL EUEVEELC ET JT s Lot
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stancara curve., M wvolume corrections are meeoed, because
the stencard curve 1s based on mg/ml eluvent and the volure cof
sa~ple drjecred 1s ddenticel te the volume of the standards
Invectedy

Correctiors for the blank must be made for each secple

™ = g sample - rg blank

where

—f sz~ole = mg founa In front section of sezmple tube

L
mg lanw = mp feound in frent section of blenk tube

=3

gi-dlar orocecure 1s fcilowed for the backup sectiors

Adc the weaphrs nrese4t In the freont arc baceto sections of tr-e
se szmole tube to deterTirve the totsl weipght an tne sample

Reac tne gescrptior efficiency from the cirve {(Sectzen E.5 2)
Ier tre 2mount of ansivte found 1n tne frort seciioa. Divice
the tetal weaght by this desorption effaisiency to ebtair rhe
cervected mg/fsacple

.r
Cerrected me/sarple = £

Tre comcertreztion ¢f zraivte In the sir sa—plec ca- be expressed
iz =g wper cu ™, walch Is numerdcally eccel o og wer liter of

-

cal

Corvacted veo fSectaon 19 &) ~ 200, {lireri/cu m)
FIL - - - \
iy Velu—e Sarpled (114er)

I‘i-
TRIiZU T

snotrer revhod of evoregsi-g corcentration 1g DR

e mjeu p g 2atS | 6D T+ 273
DFT = Tg/cL B R g2 3 298

P e pressure (ox Pg) of 2ir samoled
I = terperature ()} of azir sampled
24,45 = relar volume (Ziter/mele) at 25 € azd 760 me kg
it = rmelectlar wveig=t (gfeole) of anzlivre
76 = stancard pressure (o Hg)
2GR = standard temverzture (E)
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