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GLOSSARY OF TERMS

adjusted volume the volume of the sampie corrected to
standard temperature and pressure

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

RDL below the detectable limit

breakthrough the possible overloading of a sample with
contaminant, resulting in the possibilaty
of sample loss reported when contaminant
mass in the back section of a sample
tiube 1s greater than z25% of that found
in the front secticn

BZH breathing zone height, a height of approx-
imately 5=7 feet above the ground
catch basan a receptable designed to catch excess

sample when withdrawing a process sam-
ple to reduce the potential of liguad
contaminant from contaminating a process
sample area

CIH certified industrial hygilenist
consecutive sampling the combination of two or more successive
periods lengths of sampling time resulting from
twe or more respective alr samples
controlled exposure a contaminant expesure that 15 regulated

by engineering or work practices. Nor-
mally indicates an exposure below
accepted OSHA standards.

CTA contrel technoleogy assessment, an eval-
uation of the methods used to reduce
or prevent exposure to cantaminants

dike an embankment or wall to contrel poten-
tial ligquid spilis
double mechanical

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

V1il



engineering
controls

EPA
exposure

face velocity

formalin

fpm

GC

gpm

GTI

HCHO

IH

L

long-term exposure

long-term sample
long-term task
MeOH

min

mL

MO

MRC
NA

ND

NICSH

GLOSSARY OF TERMS (continued)

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

Environmental Protection Agency

respiratory, eye, or skin contact with
contaminant

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

formaldehvde solution

feetl per minute

gas chromatograph

gallons per minute

Geomet Technologles, Inc , Rockville, MD
chemical formula for formaldehyde
industrial hygiene

liter

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

collection of contamiant occurring during
& long-term task

an gperation of weorker activity that re-
guire an extended period of time to caom-
plete, usually a full work shaft

symbol used for methanol

minute

milliliter

methanol oxidation

Monsanto Research Corporation, Dayton, OH

not analyzed due to uncontrolled circtm-
stances

not detected; no i1ndication of compound
found during analysis

National Institute for Qccupational Safety
and Health
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GLOSSARY OF TERMS (continued)

nonexcesslive exposure

QOSHA
OSHA HCHO STEL

OSHA HCHO TwA

OSHA MeOH TWA

packed seal

PEL

personal sample

FIRG

Ppe

ppm
short-term exposure

short-term sample

contact with contaminant that does not
exceed the 0SHA regulation

Occupational Safety and Health Act

the amount of formaldehyde allowable in
a sample of approximately 15 minutes,
which 18 5 ppm

the time-welghted average amount of
formaldehyde allowable in a sample of
approximately 8 hours - limit 18 3 ppm

the time-weighted average amount of
methanol allowable 1n a sample of approx-
imately 8 hours - limit i1s 200 ppm

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

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

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

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

personal protective equipment; ecuipment
worn by a working aide, as a respirator
used to prevent potential worker over-
eXxposure to a contaminant

parts pexr million

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

collection of contaminant during a short-
term task



GLOSSARY OF TERMS (continued)

short-term task an operaticon or specific worker activity,
the duration of which 1s part of a full
work shift. The duration of the task
normally ranges from 10 minutes to
2 hours.

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

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

standard conditions temperature and pressure conditions to
which the volume ¢f all samples is
adjusted so as to allow sample con-
centration compariscn. Conditions used
were 20°C (68°F) and 760 mmHg (29.92
1n. Hg)

STEL short term exposure limit; a concentration
limit set for contaminant exposure
usuglly over & 15 minute period

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

walk through survey a preliminary industrial hygiene survey
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SECTION 1

INTRODUCTION

The following detailed industrial hygiene survey report describes
a four-day survey conducted at the Georgia-Pacific formaldehyde
production plant leocated in Albany, Oregon. Thig plant used a
metal oxide catalyst to convert methanol to formaldehyde at a
rated capacity of 120 million pounds of formaldehyde per year.
The plant was selected for detailed study based on 1ts good enga-
neering ceontrols and ability to contrel worker expcesure to for-
maldehyde and methanol.

1.1 PLANT PERSONMNEL CONTACTED

The plant survey described in this report was carried cut by Glen
Barrett, (GECOMET Technolegies) CIH, wWilliam McKinnery, Jr. {(NIOSH)
CIH, PE, David Dunn, and Dennis Gault (Monsanto Research Corpora-
tion}), on July 19-23, 1982. Personnel contacted during the visit
were Donald COlsen, CIH, corperate manager, 1ndustrial hygiene for
Georgla=Facific (GP), Greg Gregory, Albany plant manager,

John Hillstrom, production superintendent, Thomas Moehl, quality
control supervisor, and James Rouse, malntenance supervisor. Four
operators under Mr. Hillstrom's supervision and two maintenance
workers under Mr. Rouse's supervision were sampled for formalde-
hyde and metharnol during the four-day survey. Mr. Clsen observed
and noted all sampling operaticons during the survey.

1.2 SUMMARY OF ACTIVITY

The survey team met with plant perscnnel and Mr Olsen to discuss
the purpose of the survey, desired results, activities tp achieve



these regults, and the report that would result from thas survey.
Requests for cooperation with the survey team were made during the
meeting and accepted by the plant. A short walk-through of the
plant was conducted to acquaint the survey team with the formalde-
hyde production area. A small area in the quality control labora-
tory was committed to the survey equipment and served ags a base of
operations. All equipment was checked ¢ut and calibrated prior to
any further activity.

IH sampling began on the day shift, Tuesday, July 20, and con-
tinued through the second shift, Thursday, July 22, sampling a
total of s1X worker shifts (three day shifts; three second shifts).
No sampling was conducted during the third shift due teo logistics
and similarity of operation on all shifts. Table 1 shows the
total number and types of sampling conducted during the four-day
survey. FPersonal exposure samples for formaldehyde and methanol
were taken by sampling six individuals. Long term {over onhe
hour) personal samples were taken to evaluate the general worker
exposure. Short term (less than one hour) samples were taken to
evaluate specific operations the worker conducted on a regular
basis. Area samples were taken to determine the potential expo-
sure ¢f a worker in an area and to generally evaluate formalde-
hyde and methanol concentrations in the production and storage
areas. Source samples were taken to evaluate the contribution of
specific equipment to the overall area concentrations and to
evaluate the control achieved by this eguipment.

Cbservations of operator procedures were also made during the
survey. In addition, contrel and process equipment were noted
and discussed with Mr. Rouse to ai1d 1n evaluating this equipment
and comparing i1t to equipment at other plants.



A ¢losing conference was held with the plant supervisory staff
and Mr. Qlsen to discuss the future use of the data collected and
to thank the plant for 1its cooperation.

TABLE 1.

SAMPLES COLLECTED DURING IH SURVEY AT
THE GECRGIA PACIFIC FORMALDEHYDE PLANT
IN ALBANY, COREGON, JULY 19-23, 1982

Type

Fersonal
Ares
Source

Tetal

Formaldehyde
Long~term  Short-term Methanol
22 14 22
21 - 24
2 L =
50 15 51




SECTION 2

BACRGROUND

The National Institute for Occupationhal Safety and Health (NIOSH)
and the U.S. Envirommental Protection Agency (EPA) have entered
anto an Interagency hgreement to perform a study that will deter-
mine the levels of pollutants to which workers in the formaldehyde
production industry are exposed and that will evaluate the effec-
tiveness of control technclogires currently used to minimize
exposures.

EPA contracted with Monsanto Research Corporation (MRC) to per-
form the study on the formaldehyde production industry, under EPA
Contract No. 68-03-3025, entitled "Technical and Engineering Serv-

ices." MRC was assisted in the study by personnel from GEOMET
Technologles, Inc (GTI).

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

The objectives of the IH/CTA study are to:

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

bh. evaluate the effectiveness of industraial hygiene control
programs to control these potential hazards,

¢. 1dentify potential hazards to workers,



d. evaluate these potential 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 technelogy inter- and
intra-industry, and

g 1dentify processes for which engineering ceontrels are not
avallable or are ineffective, where further research and
development are needed, and to indicate priorities for
application ¢f control technelogy.

The study 1s divided into two phases, prelimnary surveys and
detailed surveys.

As part of this project, preliminary industrial hygiene surveys
(PIHS) were conducted at 11 plants, representing a cross-section
of formaldehyde production facilities. Control equipment and
worker practices were discussed and observed and walk=through
surveys were conducted at each plant. Potential exposures to
hazardous agents and technologies used to control those agents
were ldentified. Reports were prepared on the findings from
these surveys

The fellowing sections briefly describe the objectives of thas
project.

Four plants were selected from the eleven for detalled industrial
hygiene surveys based on the preliminary survey findings. The

detailled industrial hygiene surveys included the following
activities.



observing operator work practices,

quantitative personal sampling,

evaluation of engineering centrol technigues monitoring
devices, and personal protective eguipment used by the
industry to reduce exposures, and

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



SECTION 3

DESCRIPTION OF PLANT

The Georgia-Facific plant 18 located in an industrial park area
approximately cone mile north of Albany, Oregon, and began opera-
tions 1n 1973. The plant capacity 1s 120 x 10% 1b/yr of 37
percent formaldehyde solution using an iron/molybdenum oxide
catalyst Most of the formaldehyde solution 1s used on the site
tc manufacture phenol-formaldehyde and urea-formaldehyde resins.
The remainder 1s shipped out by truck or rail to other customers,
including other Georgia-Pacific resin plants.

The formaldehyde and resin production units are of open air coh-
gtruction. A plant slte plan (Figure 1) shows the relationship
of the formaldehyde production facility to the resin production
facilaity and to the plant offices. Open air construction provides
centrol of air contaminants through natural ventilation. The
single control room used for both formaldehyde and resin produc-
tion, the production laboratory facility, quality control labora-
tory, employee locker room, management offices, and warehouse are
enclesed within a single building structure.

The plant 1s nonunicniZed and operates through four shifts,
7 days/week. The total plant employs approximately 40 employees,

which 1nclude approximately 15 productiocn operators.

The remaining employee job classifications are as follows:
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+ quality control laboratory supervisor

- management and clerical personnel

+ maintenance superintendent

maintenance workers

laboratory personnel

The production cperaters are on rotating shifts, working every
third day on formaldehyde production (one formaldehyde operator
per shift) and elsewhere 1in the plant the other two days. Main-
tenance personnel work day shift, Monday +through Friday, but are
on 24-hour call for sericus mechanical problems.



SECTION 4

PROCESS DESCRIPTION

Fermaldehyde i1s manufactured by oxidation of methanol using an
1iren/melybdenum oxide catalyst. The preduction process takes
place 1n twe 1dentical parallel trains as shown ih Figure 2.

Figure 3 1s a photograph of the feormaldehyde production unit in
Albany.

Methanol 1s unlocaded from a rail cary to a bulk storage tank and
then 1s pumped to the vaporizer. Alr 1s samultanecusly drawn
through a primary filter and combined with the methancl. The
methanol-air mixture 1s vaporized and fed te the converter, which
consists of vertical catalyst-filled tubes. Dowtherm Aﬁ, a cool-
ant, 1s pumped through the outside of the converter and removes
the heat of oxidation from methanol conversicon. Dowtherm vapor 1s
condensed and recirculated to the Dowtherm separator, and then to
the converter. Hot formaldehyde gas, produced in sach converter
tube, 1s fed te the aftercooler. Cooled gas from the two parallel
aftercoeclers 15 united at the base of a single atmospheric
absorber column. Liguid effluent from the absorber, containing
50-51 percent formaldehvde by weight, 1s stored in storage tanks.
Gas emitted from the top of the absorber column, consisting mostly
of nitrogen and oxygen, passes through a demister and 1s recycled
Lo the methanol vaporizer through the compressor. An oxvden
analyzer 1 used in-line tc contrel the oxygen content of the air
feeding the vaporizer to reduce the explosion hazard. The entire
process has not been modified since initial startup in 1973.

1G

iyt

R



",

DOWTHERM

CONDENSER
DOWTHERR,
SEPARATOR
Hy0
na po—
FRESH AIR
FILTER
VAPORIZER —
CONVERTER Ha0 L
A L
AFTER COOLER
OXYGEN
ANALYZER
SLOWER -

METRANDL
STORAGE

DOWTHERM
SEPARATOR

DEATHER A
CONDENEER
el TO RESIN
PLANT
4h
*

100
EXCHANGER .| o=

FRESH AIR N \
FiLTER VAPGRIZER ?
D ) CONVIRTER . ?
| D FIERCODLER Y Y | rormaLDEKYOE
—»—g OXYGEN - - DEMISTER STORAGE
4 ANALYZER -
BLOWE ABSORBER
PAATH
N SPERT AIR RECYCLE LINE Ir? cuﬂimtg[n
e % T W%
SELUTICHS

Figure 2. Process flow diagram for the Georgia Pacific
formaldehyde plant in Albany, Oregon.
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Figure 3.

Albany,

Qregon,

formaldehyvde production unit
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SECTION >

DESCRIPTION OF PROGRAMS
5.1 INDUSTRIAL HYGIENE AND SAFETY

The corporate and divisional offices in Portland, Oregon provide
safety and health program guidelines to the plant. These guide-
lines ¢an be modified by individual plants to meet specific needs.
Examples are the divisional confined space entry procedure (Appen-
dix A) and the equivalent modified plant procedure (Appendix B).

Each plant employee receives a Chemical Division safety manual
which contains secticns dealing directly with an industrial hy-
giene program. These are YChemical Substances," "Laboratory
Safety," and "Medical and First Ald." The safety manual provides
procedural guidelines for the division, but the exact administra-
tion of the safety and health program 1s at the discretion of each
plant. If accident and illness experience 1s Kept within accept-
able guidelines, the plant may operate 1ts own program. If plant
experience creates Juestions, the corporate and division offices
will provide more direct guidance toc assist the plant in reducing
accident frequency and severity rates.

Georgia-Pacific employs an industrial hygrenist at the corporate
level, Mr. Don Olsen, who provides industrial hygiene service for
all the plants., Plant personhel assist with sampling programs
recommended by Mr. Olsen.

The plant holds one general meeting per month, with management and
supervisory personnel and designated operating personnel attending.

13



Safety is specifically included as a topic. Specaific safety top-
1¢s discugssed are accildents and their prevention, unsafe practices,
as well as other important safety sublects.

The plant manager and the plant superintendent conduct routine
walk-through safety inspections, supplemented by safety inspec-
tions conducted by operating persomnel. Additional safety in-
spections are conducted periecdically by safety personnel from the
Eugene, Oregon, Georgia-Pacific office, and the Corporate Safety
office in Portland, Oregon,.

Contingency plans are defined, and the plant has a written fire
emergency plan. The aAlbany fire department has wvisited the plant
to determine fire-fighting methods needed for particular faires
that could occur. The emergency splll cleanup plan 1s now 1n the
process of being updated

The plant has had no lost-time accidents since 1974 No employee
has reported an 1llness due t¢ ainhalation of a hazardous airborne
material during the plant's existence (since 1973) However, one
employee develeped a general sensitivity to solvents and other

chemicals {not determined to he work-related) and was transferred
Lo maintenance.

> Z OCCUPATIONAL SAFETY AND HEALTH (OSH) TRAINING

All newly hired employees are taken through a 60 to 90-day proba-
ticnary training period. The plant superintendent reviews the
division safety manual with each new employee during this pericd.
The employee 1s under direct supervigsion by an experienced opera-
tor or lead operator during the probationary pericd. The employee
then generally advances from the lowest level of responsibility at
the utility level (loader, cleanup, etc.) to operator. Employees
are under supervision as they advance.

14



Operators rotate between the formaldehyde and resin facilities,
working in the formaldehyde facility every third day.

Employee turnover at this plant 1s low. There have bheen twelve
replacements since 1973 (two of these for maintenance) with the
newest hire two years ago.

at least one emplayee on each shift 1s trained in cardiopulmonary
resuscitation. Most employees are trained in first aid.

5.3 TPERSONAL PROTECTIVE EQUIFMENT (FPE) AND SAFETY EQUIPMENT

Rain gear, face shields, gloves, helmets, safety glasses, dis-
posable dust masks, and preotective clothing are availlable as
needed, or on regquest Safety shoes and respirators are provided.
An MsA self-contained breathing apparatus 1s available in the con=-
trol room. Several supplied-air resprrators are available, and
the plant compressed air 1s monitored and meets the criter:ia for
breathing air.

An emergency eyewash and shower unit 1s located on the ground
level of the production unit i1n the vicinity of the tank truck
and rail car HCHO loading areas, and at the resin loading area
which 1s near the formaldehyde lcading area.

All enployees are required to wear hard hats and safety dglasses
with side shields while working in production areas. Additional

PPE 15 reguired for specific operations as follows:

Formaldehyde Loading

Half-face organic vapor cartridge respirator
Rubber gloves

15



Methanecl Unlecading
Half-face organic vaper cartridge respirator ¢
Rubber gloves

Formaldehyde Solution Sample Withdrawal ®
Rubker gloves

Catalyst Removal from the Converter

Half-face respirator approved for nontoxic dust

Sample Removal of HCHO Gas from the Aftercocler Inlet

Half-face crganic wvapor cartridge respirator
Rubber gloves

Formaldehyde and Methanol Sample Lab Analysils
No additional PPE 1s worn

Formaldehyde Storage Tank Entry
Fuil protective sulit
Boats

L1l

Gloves
Alr-supplied respirator B

Maintenance Formaldehvyde Leak Repailr
Gloves

Half-face organic vapor cartraidge respirator for major leaks

The plant has a brief written respiratory protectlon program in
the division safety manual.

5.4 MEDICAL PROGRAM

All employees are given pre-employment physical examinations which
include a back X-ray, urinalysis, a medical history guestlonnaire,
and a baseline audiometric test. Employees are not given periodic
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physical examinatiohs or specialty examinations for specific haz-
ardous exposures. However, annual audiometric examimnations are
made avallable by a mecbile unit brought to the plant site,

Medical services are available from the Albany Hospital located
two to three miles away from the plant.
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SECTION 6 v

WORK PRACTICES

6.1 GENERAL PROCEDURES

6 1.1 Qperators

Operators are responsible for operating the formaldehvde produc-
tron process, unloading methanal from tank cars, leading formal-
dehyde into rail cars and trucks, sampling the process, and
prevention and clean-up of spills. Operators alse change the
catalyst 1n tubes during shut-dewn periods.

The operators are on rotating shifts, working every third day on
formaldehyde production and elsewhere in the plant the other two ¥
days. Each shift 1s 8 hours in duration. Lunches are eaten on-
the~Jobk, usually ain the control/lab room where the operator spends
approximately 30 percent of his working hours. He 1s reguired to
patrol the process area every two hours to check for malfunction-
ing equipment or process leaks, and 1s responsible for reporting
mechanical problems to the maintenance department and requesting
immediate repairs for serilous problems Minor maintenance may be
performed by the operator.

6.1.2 Maintenance

Maintenance personnel, working day shifts, Monday through Friday,
are responsible for maintenance of the entire facility, including
the resin plant Specific maintenance requests are recorded by
the unit operators on a board in the maintenance shop. Mainten-
ance personnel keep a log on all maintenance to be performed
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during the day shift and may be called in at any time during the
evening shifts to repair serious mechanical problems that reguire
immediate attention. TLunches are eaten on-the-job, 1nside the
contrel/lab room or shop.

6.2 METHANOL UNLOADING

Methanol is received and unloaded from rail tank cars, with
approximately one tank car unloaded daily.

Prior to unleading the rail car, the operator withdraws a methanol
sample from the car through the top hatch This procedure 1s
described in more detail in Section 6€.6. After sample withdrawal
and analysis, he attacheg a quick-cennect flexibkble line to the
tank car for bottom unloading to the methanol storage tank.

Alr from the flexible line 1s bled out of the connect line at the
methanol unloading pump. A small amount of methanol 1s purged
into a bucket during this line bhleeding This methanol 18 either
back-fed into the line by suction or, 1f the guantity 1s very
small, the coperator manually dumps the methanol back in the ral
car through the teop hatch

The operator leaves the area for mest cf the remaining unloading
pericd. At the end of this periocd, methancl remaining in the line
15 purged 1nto a bucket with air. OCnce the line 1s bled, 1t 1is
disconnected and the top hatch is closed and secured

6.3 METHANOL SAMPLING AND ANALYSIS

A methanol sample 1s removed from a rail car prior to methanol
unloading. The operator opens the top hatch on the ¢ar and then
dips an open jar into the methanol. The jar 1s fastened to the
end of a long red. After the jar i1s filled, 1t 1s covered and
taken to the centrol lak rcom for analysis by injecticn into the
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gas chromatograph. In addition, a specific gravity test may

be run on the sample to determine purity. The specific gravity *
test and the GC 1njection are usually performed by an operator

or lead operator.

6.4 FORMALDEHYDE LOADING

6.4.1 Truck Tank Loading

Approximately two trucks are loaded with formaldehyde per day. It
takes approximately 30 minutes to load a truck. The operator
superviges the leading, whaich is performed by the truck driver who
18 not an emplioyee of the plant. The truck driver i1nitially opens
the tank top hatch (Figure 4) and places the lcading spout into
the tank (Fagure %). The operator sets the required load for the
tank on the automatic delivery control device (Figure &) leocated
al: the loading area. He remains in the vicinity of the loading
area for most of the loading period, coften talking to the operator.
On occasion, he may get involved 1n starting automatic delivery of
resin to a truck a short distance away while formaldehyde loading
1s proceeding. The operator remains 1n the resin loading area for
a very short time, either to start or stop automatic delivery of »
the resin. <Consequently, it 1s not believed that exposure to

formaldehyde vapors resulting from resin loading 1s of any signaif-

icance, and 1t 1s not expected tov add to the exposure resulting

from formaldehyde loading.

After loading 1s complete, the truck driver removes a formaldehyde
sample from the tank for analysis (Figures 7 and 8). Once the
sample 1s analyzed by the operator and the concentration determined
to meet specifications, the loading line 1s purged with air into
the truck. The truck driver then removes the loading spout from
the tank and transfers i1t over to the operator (Figure 9). Any
residual formaldehyde, spilled out of the spout onto the truck or
ground during this procedure, 1s hoged off by the operater. The
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Leading & truck trailer - draver opens hatch of
second tank as first tank 1s loaded.

| FHAL

"y

Figure 5., Loading a truck trailer - draver
places loading spout in tank.
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Figure 6

-

Figure 7.

Loading a truck trailer - operator
sets required weight load

Sampling a truck trailer - driver
prepares to sample with dip stick
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Figure 8

Sampling & truck trailer - driver sampling

Figure 9 Loading spout 1n storage positien
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formaldehyde and water wash of the tank trucks go into a drainage
sump that connects to the plant wastewater treatment plant.

6.4.2 Rall Car Loading

Approximately 16 raill cars are loaded per month. The operator
performs all reguired duties. He 1nitially opens the top hatch
and then attaches a reinforced flexible line to the bottem of the
tank car for bottom delivery. The operator starts automatic de~
livery by setting the load on the automati¢ delivery control
device located at the loading area. The operator then usually
leaves the area because loading usually takes 1.5 to 1.75 hours.
Again, the operator may be involved 1n lecading the resin.

After loading, the operator removes a formaldehyde sample through
the top hatch for analysis. After analysis 1s completed and the
sample concentration found within specifications, the delivery
line 1s purged with air and removed from the rail car. No rail
car loading occurred during this vislt and hence there were no
spills possible. If any did occur, they would also be washed
into the drainage sump and then the waste treatment plant.

&.5 FORMALDEHYDE SOLUTION SAMPLE WITHDRAWAL AND ANALYSIS

The operator withdraws 50-51 percent formaldehyde solution from
the absorber four times per shift by opening a ball valve and

filling a 100-mL graduated cylinder (Fiqure 10)}. A catch basin,
located below the sample point, 1s used to collect the purge of

the sample line (Figure 11) and any excess solution or water
rinse.

The open test tube 1s carried by the operator to the production
control/lab room where a specific gravity test 1s performed after
cooling the open graduated cylinder 1n the laboratory hood to 25°C
(Figure 12). The liquid 1g stirred with a thermometer to aid in
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Figure 10 Operator sampling the absarber at catch basin

ST

Figure 11. 9Qperator dumping purge inte catch basin
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Figure 12. Specafic gravity test in the heood.

cooling, while the graduated cylinder 1s held under a cold water
faucet. After the test, 30 mL of the sample 1s poured by the
operator inteo an Erlenmever flask, which 1s placed in a cabinet
controlled at 60°F where 1t 1s stored for further analyses. Thas
entire procedure 1s carried out inside the hood reserved for this
purpose., After the 30 mlL sample 1s poured into the flask, the
hood exhaust fan 1s turned on The remaining sample 15 rinsed out
of the graduated cylinder in the sink next to the hood (Figure 13).
A sink located within the lab hood 1s not used for this purpose.

Waste water from both sinks drains into the plant's waste treatment
pend

Thirty milliliters of each absorber sample taken over a 24-=hour
period 1s added to the Erlenmeyer flask that was previously placed
in the cabinet. This conglomerate solution 1s analyzZed once every
thaird shift by the operator for percent formi¢ acid, percent for-
maldehyde, and specific gravity. From these three analyses, the
sample content i1s determined.

26
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Figure 13. Process sample waste poured down unhooded
drain with water flush.

For the percent forhic acid determination test, the sample 1s
autcomatically titrated (Figure 14) with sodium hydroxide. The
entire procedure 1s performed outside the lab hood. In order to
determine percent formaldehyde in a sample, the sample 13 titrated
automatically with sodium sulfite. This 15 alsc performed out-
side the lab hood. The waste from both analyses 1s dumped down
the sink outside of the lab hoed. The specific gravity test is
performed inside the lab hood.

Percent formic acid and formaldehyde analyses are also run on a
s1ngle sample obtained from each rail car or truck tanker loaded
with formaldehyde solution, Approximately 14 total rail car or
truck tanker samples could be analyzed in a week. The truck
tanker samples are obtained by the truck driver opening the top
hatch on the tank and manually dipping a jar on the end of an
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Figure 14. Automatic titration (out of hood) of process sample.

extended rod into the filled tank to obtain a sample. The truck
driver then covers the jar and hands 1t to the operator who takes
1t to the contrel/lab reom for analysis by another operator. Rail
cars are sampled in the same manner by the operator.

Formaldehyde samples are drawn from storage tanks when the tanks
are blended. Blending of product formaldehyde solution and water
1s done in twe cof the formaldehyde storage tanks prior teo lecading
to adjust the solution to the proper concentration. Formaldehyde
samples are drawn by the operator from the blended tanks. A jar
1s filled from a sample point on the lower wall of the tank. The
Jjar 1s glosed and taken to the control/lalr room and analyzed for

percent formaldehyde. The procedure 1s performed outside of the
hood.
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6.6 FORMALDEHYDE GAS SAMPLE WITHDRAWAL AND ANALYSIS

A formaldehyde gas sample 1s drawn by an operator or the quality
control supervisor 1nto a syringe through a sample valve in the

aftercooler inlet. Thas sample 1s then i1njected by an operator

or quality control supervisor into the gas chromategraph in the

control/lak room and analyzed. This 1s usually done once every

third shift, or more often, up te three-four times per shift, 1f
process changes such as catalyst adjustment are i1nvolved.
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SECTION 7

CONTROL STRATEGY

several areas of the formaldehyde cperation that present exposure
potential are discussed below with respect to the control tech-
nology applied. Exposure prevention i1s primarlly achieved by using
a process that 1s completely enclosed except feor the methanol

entry point, formaldehyde discharge point, and process sample
pelnts.

7 1 METHANOL UNLOADING AREA

Methanol recelived by the plant is unloaded from railre¢ad tank
cars by the process operators who chock and ground the rail cars
and post a sign on the rail siding to indicate that the tank car

1s being unloaded The unlecading area 1s appreximately 1,000 ft
from the main production area.

During unleoading, the operator opens the bolted tank car lid,
remcves a sample from the tank car (see Section 6), and leaves
the 11d partially open (two- to three-inch gap) to allow for air
to displace the methanol drained from the tank car. This small
gap does not present an exposure problem because the suction,
created as the tank drains, draws air into the tank and prevents
any escape of methanol vapors. Next, the operator removes the
cap from the standard tank car discharge outlet (shown capped 1n
Figure 15) and connects a quick-connect adapter toc the outlet.
Occasionally thils cap holds a small volume of methancl to which
the operator could be exposed through skin or eye contact ¢r inhal-
aton  This occurred once during the survey.
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Figure 15. Tank car cap on discharge point.

A reinforced rubber flexible heose with quick-connect fittings and
a neoprene rubber gasket for a tighter seal at each end (Fig-
ure 16) 1s attached to the i1nstalled adapter con the tank c¢ar and
to the piping on site {(Figure 17). NMethanol 1s then pumped from
the tank car through the hose and paiping te the bulk methanol
storage tank located about 400 feet away. Anh Ingersoll-Rang ver-
tical ain-line centrifugal pump fitted with a John Crane single
mechanical seal 1s used. The seal uses a methanol loop from the
pressure side of the pump to wet and lubricate the seal. A car-
bon rotary sealing and Teflon wedges are used to seal the pump
shaft from leaking This particular pump did have a small meth-
anol leak during operation (see Section 9). The methanol unload-
ing pump 185 checked sema-annually and normal marntenance includes
replacing the carbon rotary seal ring and possibly the Teflon
wedges. A spare pump 1s avallable 1f a major overhaul 18 necessary.
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Figure 16. Methancl tank car with threaded
adapter and guick connect line

Figure 17. Methanol unlecading line hocked up to permanent
line and methancl unleading pump
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The pump shown in Figure 18 1s primed by gravity. The gravity
feed from the tank car fills the pump with methanol while air
from the pump and flexible line escapes through the bleed valve
located on the pump discharge line. Any methanol that comes
through the bleed valve 1s collected i1n a bucket by the operator
and returned te the pumplng system by suction. The pump has a
screen shield arcund the housing to prevent worker injury from
the spinning pump shaft. When the flexible heses are not in use,
caps are placed on the quick-connect ends to prevent inadvertent
methanol leakage.

Figure 18 Ingersoll-Rand centrifugal methanol
transfer pump with lubricating loop
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7.2 METHANOL STORAGE AREA

Methanol 1s stored 1in a two-hundred-thousand-gallon storage tank
approximately 400 feet from the unloading area and 500 feet {from
the production area. Methanol is delivered from the unloading area
to the production area through underground pipe. The methanol level
in the tank can be monitored by an external Shard and Juss level
indicator.

As the methanol storage tank i1s filled, the discharged gases pass
through a small condenser. Condensed methancl regurns to the stor-
age tank. No estimate has been made on the amount of methancl
recovered or released.

Methanel is pumped from the storage tank to the production area

by a pair of Ingersoll-Rand centrifugal pumps that deliver approxi-
mately 20 gpm each. These pumps are similar to the pump used for
methanol unloading except for the pumping rate (20 vs. 400 gpm).
John Crane seals are used with recirculated methancl lubricating
the seal faces. These pumps are equipped with an automatic shut-
down feature that stops methaneol from flowing to the production
areas should an emergency occur. Shutdown 1s activated by low ®
methanol flow, a large pressure drop across the reactor, or high

oxygen levels Figures 19 and 20 show the methanol storage area
and pumps.

A1

The bulk storage areas are protected by dikes. A dike also sepa-
rates the methanol storage area frem the other bulk storage areas
of the plant. The methanol tank 1s grounded and a permanently-
mounted fire water jet 1s available within 75 feet of the tank.

7.3 CONVERTER AREA

The parallel tandem converters and supporting units are side-by-
side 1n an open air structure as shown in Figure 21. Methanol and
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Figure 19 Diked storage tank and centrifugal
nethanol supply punp
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Figure 20 Methanol supply being prepared for source sampling
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Figure 21. Production area; northern side. Converters
on left and raght of vertical vaporizers.

alr are mixed, heated, and react 1n a closed system, preventlng
escape of reactants. Dowtherm & 15 used as a heat-transfer fluid
for the converter temperature control and to produce steam for in-
plant use. An oxygen monitor on the gas feed to the converter is
used to maintain the oxygen levels outside of the methancl explo-
sive limits (by controlling the amount of absorber gas recycle)
and thus enhance process safety. Balso, the converters have low-
and high-pressure sensors designed to shut the system off during
a malfunction, and have rupture disks with vent chimneys, such as
the one shown in Figure 22, to reduce explosion damage should a
converter over-pressurize. The product formaldehyde gas 1s sam-
pled through a valve 1n the afterceooler inlet (Figure 23). A
heated and insulated gas syringe 1s used to withdraw the sample
which 1s injected directly i1nto a gas chormatograph (see Section £).
During sampling, the operator uses a half-~face organic vapor car-
tridge respirator for protection and safety shower and eyewash are

located nearby on the first floor to treat any operatr in case of
a splll or exposure. )

-

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

small water scrubber, which virtually eliminates the tank emissions.

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

Figure 23. Formaldehyde storage tank manhole
with steam lines attached.
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The nature c¢f the enclosed process makes additional controis 1in
this area unnecessary. All valves are tightly packed to prevent
leaks and appear well maintained Results of area sampling con-
firm the effectiveness of controls 1n the converter area.

7.4 ABSORBER

Hot product gas at about 150°C leaves the aftercoolers and enters
the absorber where 1t is guenched with an aqueous formaldehyde
salution The absorber shown in Figure 24 1s a tray column.

Figure 24. Left to right: storage area, abgorber, production

area. Lower right corner - maintenance workers
installing shed.

All of the gas from the top of the abhsorber, mainly nitrogen and
oxygen, 1S recycled through the recyrle duct and demister seen to
the right of the abscrber in Figure 24 and used to adjust the per-
cent oxygen i1n the converter feed.

A pair of Ingersoll-Rand centrifugal pumps with John Crane seals
pump the formaldehyde solution from the bottom of the absorber.
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A portion of this solution 15 recycled bhack tec the absorber to
capture the formaldehyde. The formaldehyde sclution i1s used to
lubricate the seals and steam 1s used 1n the pump glands to keep
formaldehyde 1n solution and prevent paraformaldehyde formation.
Figure 25 and Figure 26 show the seals and steam lines for one of

the two pumps. Each pump can be used as a solution recycle pump or
a product pump on an alternating basis.

Figure 25. Steam lines and pump mechanical seal
for formaldehyde pump on absorber.

Process sampling 1s cohducted every two hours from the discharge
s1de of the operating solution recycle pump (Figures 27, 28, and
29). Sampling lines can be purged directly inte an open catch
basin {Figure 30) that includes a water rinse that prevents manual
dumping of the purge solutiocn. The purge sclution and water rinse
drain into a small closed collection tank. When the collection
tank 1s full, indicated by sclution overflow inte an adjacent open
overflow bucket, the collection tank 1s closed off and air pressure
1s applied to force the solution into the absorber, preventing any
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Figure 26 Centrifugal formaldehyde pump on absorber
recycle with steam-heated mechanical seal

Flgure 27 Front view of absorber sample point  Holding
tank 1s 1n feoreground, absorber 1n background
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Figure 28. Si1de view of absorber sample point,
Holding tank 1s below catch basin

SAMPLING LINE ~.___ b FORVALTEHYOE 4 SAMPLING LINE
PRODUCT / RECYCLE ,f/f
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FROM COMPRESSED
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|
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TO AB SORBER

COLLECTION TANK
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Figqure 29. Schematic of process samplling/purge
collection system.
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Figure 30. Abscorber sample point and catch basin.

secondary handling and operator exposure. A safety shower and ol
eyewash are within 15 feet of the absorber sampling point.

7.5% FORMALDEHYDE STORAGE K

Formaldehyde 1g stored in 10 storage tanks 1n a diked area approx-
1mately 100 feet from the productiocn area and adjacent to the

loading area. The location of this storage area can be seen in
Figure 24

The formaldehyde storage tanks are vented through vents equipped
with no controls This increases the exposure potential in this
and adjacent areas.

7.6 FORMALDEHYDE LOADING

Centrifugal pumps similar to those used at the absorber are used
to transfer the formaldehyde from the storage tanks via the
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1nterconnecting piping to the loading area  All pumps are equipped
wlth John Crane single mechanical seals that use recircuiated for-

maldehyde for lubrication and steam glands to prevent paraformalde~
hyde formation.

Formaldehyde 15 loaded into tank trucks and railroad tank cars.
Formaldehyde 1s loaded inte the tank trucks using a top-leoading,
swivel-jointed, flexible lcading spout shown in the storage posi-
tion 1n Figure 31 and in use 1n Figure 32. As described earlaer,
the truck driver 1s responsible for loading the truck including in-
serting and removing the loading spout, while the operator super-
vises the operatiocn An automatic delivery control device monitors
the amount of soluticn delivered and shuts the flow off when the
diaied lead i1s delivered. This prevents spills and eliminates
manual level checking by the driver and operator. Tank cars use
the same delivery control but use a reinforced flexible hose to
f11l the tank car from the bottom.

£7I0 57

Figure 31 Formaldehyde tank truck leoading area with swivel
boom and flex-line loading spout and safety shower/
eyewash station i1n background.
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Figure 32. Feormaldehyde loading boom 1n use.

7.7 CONTROL ROOM

Operators spend most of their time momitoring the plant produc-
tion units from a single control room located 1n the rear of the
main building. Critical operations can be monitored and controlled
from this area and alarms alert the operators to problems. Storage

tank levels can be monitored at an area in the warehouse adjacent
tce the control room.

Simple analyses on the samples collected from the processes are
conducted i1n a small hood in the control room and vented through
the roof The hood 1s located i1n an area that 1s easily acces-
sible through the extericr doors. This reduces the time reguired
to place the samples in the hood and minimizes escape of vapors
from the samples brought into the control room A controlled tem-

perature cabinet used for storage of formaldehyde samples 1s also
avallabkle 1n the hood

44




Formaldehyde and methanol specific gravity tests are performed
within the ventilated laboratory hocod. Alsc located within the
hood 1s a sink which conducts waste pcured in 1t to the plant
waste treatment pond.

Hood face velocity measurements were taken with an Alnor Jr.
swinging vane anemometer. The fellowing average face velocities
were determined:

State of Heocod Average face velocity, fpm
window fully open 114
Window pulled halfway
down 172

With the window fully copen, the average face velociity i1s con-
si1dered adeguate to contrel either formaldehyde or methanol vapors
while performing specific gravity tests. A minimum average face
velocity of 100 fpm 1s recommended to adequately control formalde-
hyde gas and methancl vapor Reducing the open face area of the
hocod by c¢ne-haif, by pulling the window down, greatly increases the
average face velocity to 172 fpm.
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SECTICN 8
SAMPLING AND ANALYSIS

Formaldehyde and methancl sampling was conducted during the five-
day survey to determine time-weighted average (TWA) and short-term
exposure levels (STEL) for personnel and areas associrated with
formaldehyde production at the Albany plant. Four formaldehyde
process operaters and twe maintenance workers were sampled during
at least one normal 8-hour shift to determine their average level
of exposure to formaldehyde and methancl. The process operators
and the guality control supervisor were alsc sampled during po-~
tentially high exposure activities for short=-term exposure levels.
Ten areas fregquently attended by the formaldehyde process opera-
tors were sampled over an 8-hour shift to determine area concen-
tration levels In addition, eight sources of potential emissions
(e.g ., pumps, seals, and agitators) were sampled to determine

their contribution te the area concentration levels. In order to
ensure that the samples represent. the source emissions and were not
affected by concentrations of the same pollutant in the surround-
ing area or by dilution, each source sampled was wrapped tightly
with clear plastic and sealed with tape as shown in Figures 33
through 35. The concentration levels in the source samples were
assumed to correspond to the amount of agent released by the scurce

over the sampling period and expressed as the amount of pollutant
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
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Figure 33. Methanel supply pump being source sampled.
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Figure 34. 5Si1de agitator on formaldehyde storage
tank wrapped for source sampling.
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Figure 35. Loading pump wrapped for source sampling.

exposures Short-term samples, collected cover periods of between -
1% and 120 minutes, were used t¢ determine the exposures from cer-
tain but typically short events occurring during normal regular

shift hours Long-term samples were denerally comprised of two, N

approxamately 240-minute long, consecutive sampling periods and

were used to determine an sight-hour, time-weighted average accord-
ing to the following formula

T,X, + T.X;
TWA = = Ref. [Z]
t

where TWA = time-weighted average
Ty.Ty = sampling times for long-term samples
Xi1,Xs = concentrations of long~term samples
Tt = total time

This same formula was applied to personal as well as area samples
Most personal and area long-term samples were repeated on a second

wl
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day to enhance the survey results and to evaluate results repro-
ducibility.

Short-term samples were taken to evaluate significant short-term
exposures, situations where peak expasures might be expected but
not shown in the long-term samples. The short-term samples were
algo to indicate where controls may be cost-effective 1f the expo-
sure concentration levels needed to be reduced. Short~-term samples
were taken at flow rates of about 200 em®/min (as compared with

100 cn®/min for long-term samples) to assure collection of a pol-
lutant volume sufficient for reliable analysis

8.2 SAMPLING METHODS

Sampling for formaldehyde was conducted using an active dosimeter
method developed by the research department of Monsanto Agricul-
tural Products Company [Appendix C] and approved by the NIOSH proj-
ect officer, Mr. W. N. McKinnery, Jr. The method uses sampling
tubes packed with 2,4-dinitreo-phenylhydrazine (2,4=DNPH)=coated
silica gel to absorb formaldehyde from the sampled gas. To draw
the gas threcugh the tubes, MRC used DuPont Model P200 portable
sampling pumps set and calibrated to deliver a constant flow rate
(15%) of approximately 100 cc/min (actual pumps ranged from 92.3 -
107 cc/min) for long-term sampies as suggested by Mr. Davaid Haile,
supervisor of the MRC industrial-hygiene certified labeoratory.
Short-term samples were collected using the same punps set and cal-
ibrated at a constant flow rate (15%) of approximately 200 cc/min
(actual pumps ranged from 193.% - 202.7 co/min) Pumps were gern-
erally checked for significant (greater than t5%) deviation after
use and the samples were discarded where a significant deviation
was observed .

To assure quality of results, formaldehvde sample blanks and
splkes were used and all samples were analyzed and reported in
accordance with standard MRC Qualaity Assurance/Quality Control

49



procedures. Additicnal details on formaldehyde sampling and
analysis methods are provided in Appendix C.

sampling for wethanol was conducted using a NIOSH-approved
active dosimeter method, NIOSH 559. Silica gel tubes were used
in conjunction with DuPont Model P200 and P3¢ pumps which were
set and calibrated at a constant flow rate (i5%) of approximately
50 cc/min {actual pumps varied between 45.5 - 53 8 cc/min) for
personal and source sampling and 30 cc/min (actual pumps varied
between 25.8 - 37 cc/min), for area sampling, respectively.

Pump flowrates were checked after sampling to ensure constant
flow.

To assure guality of results, an unexposed silica gel tube was
collected as a blank during each sampled shift. 1In addition,

five methancl samples were collected in duplicate and one of the
duplicates was spiked during sampling with either 0.8 or 1.2

times the PEL to check on recovery and precision of sampiing and
analytical procedures. All methanol samples and blanks were ana-
lyzed and the results reported according to MRC Quality Assurance/
Quality Control Procedures. Additional details on methanol sam-
pling and analysis procedures are included in Appendix C,

During sampling, a leog of pertinent information was developed
using Monsanto DMEH Industrial Bygiene Monitoring Forms. Re-
corded 1nformation on these forms includes- tube 1dentification
number, identification of sampling location, pump 1nitial and
final flow, sampling time, and comments.

8 3 NUMBER OF SAMPLES

Excluding blanks and spiked blanks, 69 formaldehyde and 56 meth-
anol samples were collected at Georgia-Pacific's Albany formalde-

hyde plant. The number and type of samples c¢ollected during the
detairled survey are summarized in Table 2.
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TABLE 2. FORMALDEHYDE AND METHANOL SAMPLES TAKEN DURING THE
DETAILED INDUSTRIAL HYGIENE SURVEY gF THE GEORGIA-
PACIFIC - ALBANY FORMALDEHYDE FPLANT

Formaldehyde Methanol .
Long tern Short term Spiked Samples Validation
Area 21 0 2 24 3
Fersonal 22 14 1 22 0
Source 7 1 i 5 2
Total 50 . 15 4 51 5

4poes not include blanks or spiked blanks taken once per shift -

four spiked tubes for formaldehyde and the five wvalidation tubes
for methanol.

8.4 SAMPLING LOCATIONS

The locations where area, short-term persgconal, and source samples
were taken are 1dentified 1n Figures 36 and 37. Locations for
long-term personal ampling are not shown because an operator
during the sampling period would change location, making identi-
ficaticon of leng-term personal samples by location, i1nappropriate.

A description of sampling locations, including the number of sam-
ples taken at each location, i1s provided in Table 3.
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STARTUP

FURNACE
DOWTHERM

CONDENSER

DOWTHERM
CONDENSER

THIRD FLOOR _ _

AB SORBER

VAPORIZERS

EAST REACTOR
£ —SECOND FLOOR
AB SORBER "
* 75— WEST REACTOR
DOW THERM p
KNOCKOUT METHANOL
TANK ; VAPORIZERS
* /
EAST 7 DOWTHERM KNOCKOUT
- TANK
REACTOR k= —GROUND FLOOR

WEST REACTOR

a FORMALDEHYDE AREA SAMPLING
b METHANOL AREA SAMPLING

¢ FORMALDEHYDE SOURCE SAMPLING

Figure 37. Locations of area and source sampling
around the formaldehyde production unit.
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TARLE 3. AREA AND SOURCE SAMPLE NUMBER AND LOCATION SUMMARY

Location

Number aof samples

Formaldehyde Methanol

Area

East Dowtherm knockout tank

Center of ground floor near west converter

North process sample point of absorber - ground floor
East converter electric outlet - Znd floor

West converter electric gutlet - Znd floor

Electric conduit beside propane furnace - 3rd floor
Methanel unloading area - 5.W of pump

Formaldehyde storage area - E of tank F-3
Formaldehyde storage area - E of tank F-5

Methanol storage area - between pump and inlet pipe

Source

Formaldehyde storage tank F-B - side agitator
Formaldehyde storage tank F-10 - side agitator
Formaldehyde absorber pump 2

Formaldehyde loading pump

Formaldehyde absorber pump 1

Methanol storage pump 1

Methanol storage pump 2

Methanel unlecading pump

NNNGDL;JUNDJUJN

T

[ B o e B ol R VI

1 w

B B b L L D Wl L LD

NﬂNHDQDDD

N

a
Also, two methanol validation samples were taken at this location

bAlso, a formaldehyde spike sample was taken at this loccation.

“also, one methancl walidation sample was taken at this location
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SECTION ©

RESULTS

The tables that follow summarize the analytical results for sam-
ples taken by the MRC survey team at the Georgia-Pacific Albany,
Qregon, plant during July 19-23, 1982. All velumes and concentra-
tions have been corrected to standard temperature and pressure
{6B°F, 29 92 in. Hg). Tables 4 and 5 present long-term, perscnal
sampling analytical results for formaldehyde and methanol. Short-
term formaldehyde results are presented 1in Table 6. No short-term
methanol samples were taken. Area sampling results are shown 1in

Tables 7 and 8 and source samples are reported 1n Tables 9 and
10

In addition to analytical results, control room hood inward
velocity measurements were taken with an Alnor Jr swinging vane
anemometer and the average measured face velocities are summarized
in Table 11.
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TARLE 11. A SUMMARY QOF CONTROL ROOM HOOD
VELOCITY MEASUREMENTS

Average face
Hood window position  velocity, fpm

Window fully open 114
Window pushed 1/2 of
the way down 172
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SECTION 10 >

CONCLUSIONS

10.1 FORMALDEHYDE EXFOSURE

10.1.1 Operator Long-Term EXposure

One personal sampler was worn by an operator for each of two con-

secutive 4-hour pericds during each of the day and second shifts

from Tuesday through Thursday. Thése samples were taken to evalu-

ate an operaters long-term exposure. A total of four operators

were sampled. The total sample period for the sets of two con-

secutive samples worh by an operator ranged from 412 to 472 min-

utes It 1s felt that the results for these sample periods give -
a good indication of the operator exposure to formaldehyde during
a work day. The results for each pair of samples have been aver-
aged to yield an average exposure concentration for each ¢operator
sampled. The results are presented in Table 4, Section 9.

)

The concentration to which each operator was exposed to for an
approximate seven-hour sampling period i1s less than 12% of the
OSHA-time~weighted average permissible expesure lim:t {PEL) of
3 ppm Thus, the long-term cperator exposure 15 considered to be

nenexcessive and controlled for those days the exposure was
evaluated.

10.1 2 Maintenance Personnel Long-Term Exposure

Two consecutive personal samples were taken on each of two main-
tenance personnel during each of two consecutive day shifts. The
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total sampling period for the sets of two consecutive samples

ranged from 423 to 452 minutes. The sampler worn by a malntenance
employee for the second consecutive sample on the second day was
accldentally broken and the sample volded The sample concentra-
tions of each palr of consecutive samples for a maintenance employee
have been averaged. This average concentration gives a good esti-
mate of each employee's £full shift exposure. Sample results are
presented in Table 4, Section 9.

Sample pumber 1%3%, the Z80-minute sample taken on a worker on
7,22, had a measured concentration of 2.22 ppm, which 1s much
greater than that of any other long-term personal sample taken
This concentration 1s more than three and one-half times that for
any other maintenance personal samples taken. The maintenance
worker who wore this sample worked with the other maintenance
worker sampled while constructing a roof over the refrigerator
unit located at the southeast corner of the feormaldehyde produc-
tion unit It 15 expected that the concentration for sample num-
ber 1939% would be similar to the other maintenance personal sample
concentrations, since na other work was done, auch as leak repalr.
Since this sample concentration is much greater than that cof the
other maintenance personal samples taken, the sample result is
net considered i1ndicative for the period of time sampled

In addition, the sample concentration i1s not a good estimate of
the time-weighted average exposure for an entire shift of 480 min-
utes, since the sample period was only 280 minutes. As a result,
the analytical result of 2 22 ppm will not be 1ncluded i1n ewvaluat-
1ing a maintenance worker's shift exposure. (It should be noted
that this result i1s still only 74 percent of the permissiblie OSHA
level of 3 ppm }

The average full shift exposure concentrations for the two workers

sampled range from 0.09 ppm to 0.39 ppm. These results are below
{less than 15 percent of the 0SHA TWA PEL of 3 ppm, and indicate
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nonexcessive exposures for those maintenance workers sampled.
Although the workers were located at the refraigeration unit at

the southeast corner of the productiocn unit, they were not repair-
ing formaldehyde leaks or working on the formaldehyde production
process. If process-related maintenance activitles were being
performed (such as repalring pumps or seals), their exposure might
have been excessive. If an excessive concentration were enccoun-
tered, 1t would be considered a contreolled exposure 1f proper
respairatory protecticn, which i1s available, were worn.

10 1.3 Formaldehyde Loadlihg

Three short-term personal samples were taken on cperators during
truck loading on Tuesday and wWednesday during the survey. The
results are shown in Table &6, Secticn 9,

None of the sample concentrations exceed the OSHA celling limit
of 5 ppm, with the highest exposure only 21% of this limit  Thas
indicates a nonexcessive exposure for the samples taken.

As stated prewviously, the operator was also lcading resin cars
during formaldehyde lecading. The operator 1s only at the resan
loading station a short pericd of time to start and stop lcading.
He spends the remainder of the time at the formaldehyde loading
station. Thus, the exposure to residual formaldehyde release from
the resin should be i1nsignificant compared to that from formalde-
hyde sclutionh lcading. The formaldehyde concentration due to resin

loading should insaignificant compared to the exposure due to formal-
dehyde leoading.

Condensed formaldehyde-water solution was seen escaping from the
truck hatch during loading. This i1ndicates an escape of formalde-
hyde gas. Since the wind was changing direction during the three
samples taken, the operator did not stand continuously downwind of
the formaldehyde gas escaping from the hatch. The industrial
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hygienist sampling team member did smell formaldehyde and exper-
lence burning eyes when standing in the contaminated air downwind
from the hatch. If the operator were standing cccasionally down-
wind of the hatch, exposure might exceed the ceiling limit of 5 ppm.

No rail cars were lecaded during %he survey. Thus, the formalde-~
hyde exposure could not be gquantitatively evaluated. It 185 ex-
pected that the coperator's short-term exposure while at the car
could potentially be greater than the exposure during truck load-
ing This additional axposure may occur because the operator
performs all loading tasks such as vent opening and sample with-
drawal He would be closer to the formaldehyde scurce than when
trucks are lcaded

10.1 4 Formaldehyde Solution Sample Withdrawal and Analys:is

10.1 4 1 Absorber Sample Analysis--

Nine short-term personal samples were taken on an operator during
routine withdrawal and analysis of a sample from the absorber (num-
bers 1990, 111z, 1024, 1779, 1887, 1279, 19933, 1316, and 1028).

The results of these samples can be seen in Table 6, Section 9.

The plant standard procedure was followed. The sample wag drawn
inte an open test tube and was transferred to the control/lab room.
A specific gravity test performed xin the lab hood without the ex-
haust fan turned on. A 30-mL sample was poured from the test tube
to an Erlenmmeyer flask, and the flask was placed in an oven within
the hood. The hood exhaust fan was then turned on, and the tube
was rinsed out 1nto the sink next to the heod.

The nine sample results ranged from a nondetectable concentra-
tion to 0.64 ppm These concentraticons are all less than 15%
of the OSHA ce1ling limit of 5 ppm, indlcating a ¢controlled ex-
posure when these samples were taken.
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gample number 1887 was taken utilizing all existing contrels, in-

cluding both engineering and work procedure controls. The test -
tube was immediately stopped after collecting the sample, the lab
hood exhaust fan was i1mmediately turned on after the test tube

was placed in 1t, and the waste was dumped in the sink within the
hood to contrel and residual formaldehyde gas 1n the waste being
dunped. The formaldehyde concentration of sample number 1887 was
only 0.07 ppm, which 15 lower than seven of the other eight con-
centrations measured. This indicates that implementation of all
existing controls can reduce the exposure of the operator to a very
low level.

16.1.4.2 Tank Truck or Rail Car Sample Analysisg; Storage Tank
Sample Withdrawal and Analysis--

One short-term personal sample was taken on an eperator while
analyzing a sample withdrawn from a loaded truck (sample number
281). The operator ran specific gravity, percent formic acid and
percent formaldehyde tests on the sample. The specific gravity
test was performed in the lab hood, while the percent formic and
formaldehyde determinations were performed outside the hood. All
formaldehyde waste was dumped down the sink outside the hood. The
22-minute sample reéesulted in a concentration of 0.08 ppm, which is "
less than 2% of the OSHA ceiling limt of 5 ppm. This sample shows

a nonexcessive, short-term exposure.

Another short-term personal sample was taken on the lead operator
who withdrew a sample from formaldehyde storage tank F2 1nto a

jar, covered the jar, and returned to the control/lab room to
titrate the sample to determine the percent formic and formalde-
hyde (sample number 74). The titrations were performed cutside the
lab hood. All formaldehyde waste was dumped into the sink next to
the hood. The 19-mipute sample resulted i1n a sample concentration
of 0.29 ppm, which 1s 6% of the 0SHA ceiling limit (5 ppm). This
sample also shows a nonexcessive, short-term exposure,
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10.1 5 Gas Sample Withdrawal and Analysis

One short-term personal sample was taken on the gquality control
supervigor while withdrawing a gas sample from the converter and
1njecting the sample into the gas chromatograph for analysis.

The 25-minute sample gave the highest concentration results for

any personal sample taken, 1.34 ppm. Possible reasons for this
high exposure are- 1) the gas belng sampled was under pressure,

2) 1t was also at a high tempereture (approximately 250°C), which
makes 1t more difficult to handle, and 3) 1t was sampled at nose
height. Although the results are the highest, they are still below
the ceiling limit of S5 ppm.

10 1 6 Formaldehyde Area Sampling

Two consecutive 4~hour area samples were taken in eight locations
in the plant. A third 4-hour sample was taken cn a second day at
five of the locations. One sample was wvolded after 1t was found
disconnected from the pump Sample times ranged from 227 to 254
minutes For two consecutive samples, the total time ranged from
475 to 4B9 minutes. Table 7 in Section 9 presents the analytical
results of this sampling. These samples give a representative
indication of area formaldehyde concentrations within the plant.

The preduction plant area samples (5 lecations) range from below
detectable limits (0 01 ppm) t¢o 0.€4 ppm. The highest concentra-
tion 15 21.3% of the OSHA permissible exposure limit (PEL) of

3 ppm time~weighted average (TWA). Area time weighted averages
range from 0.02 to 0.37 ppm, or less than 12.5% of the permissible
exposure The results of this area sampling indicate that the
engineering controls and natural ventilation of the production
area wvere adequate to prevent excessive exposure to workers while
in these areas during the period sampled.
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Three locatilions were sampled in the plant storage area. Analyt-
ical results ranged from 0.32 to 1.06 ppm formaldehyde on indi-
vidual analyses and from 0.45 to 0.90 ppm formaldehyde for an
fi-hour TWA. This 8«~hour TWA represents 15 to 30¥% of the 0SHA PEL
of 3 ppm TWA. Although these results are higher than those for
the production area, the concentration levels are within the 0OSHA
permissible exposure 1limits and indicate that the engineering
controls 1n use and the natural wventilation of the area are suf-
ficient to protect the workers from excessive exposure.

10.1.7 General Conclusions on Formaldehyde Exposure

The personal and area samples taken during the detailed indus-
trial hygiene survey yielded exposure or potential exposure up

to 30% of the OSHA PEL of 3 ppm TWA or 5 ppm ceilling, with 40

out of 53 samples below 17% {0.5 ppm and 0.B5 ppm) of the respec-
tive permissible levels. None of the sampled arecas showed exces-
s1ve or potentially excessive concentrations during the survey,
indicating that the applied work practices and control technologies
were affective An exposure ¢ould be excessive for maintenance
workers during leak or seal repalr. Also, there i1s a potential

for overexposure for the operator during truck or rall car loading.

10.2 METHANOL EXPOSURE

10.2 1 Operator Long=Term EXposure

Two consecutive personal samples were obtained for an operator
during each of the day and second shifts from Tuesday through
Thursday. The total sample period for each set of consecutive
samples worn by an operator ranged from 412 to 440 minutes, an
approxXimate seven-hour sampling period. 1t 1s felt that the aver-
age result for each two consecutive samples gives a good estimate

of an operator's workplace exposure. Thesé results are shown in
Table 5, Section 9.
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For the first sample result of 12.09 ppm listed for the day shift
of 7/20, there was eXxcessive breakthrough into the backup tube
section. Thus, some of the methanol vapor passing into the tube
may have passed out of the tube beyond the backup section without
being collected. If there was 100% breakthrough, the minimum
concentration reported of 12.09 ppm would be doubled to 24 18 ppm
Even assuming 100¥% breakthrough for the first sample and a sample
concentratien of 24.18 ppm, the time weighted average concentraticn
1s st1ll less than 9.07 ppm. This result 1s 4.5% of the OSHA TWA
PEL of 200 ppm. Other average concentration results for the re-
maining operators ranged below the detectable limat of 3 ppm up to
4.53 ppm, which 1s less than 2.5% of the PEL. Sample results
indicate a nonexcessive exposure for those samples taken,

10.2.2 Maintenance Personnel Long-Term Exposure

TWwo consecutlive personal samples were obtained for each of two
malntenance workers during the day shifts of 7/21 and 7/22 The
total sample period for each set of consecutive samples worn by a
worker ranged from 414 to 453 minutes, which approximates a seven-
hour period. The average results for each set ¢of two samplies for

a worker should give a good estlmate of his exposure for the entire

shift. The sample results for each weorker are given in Table 5,
Section 9.

All average concentrations are less than 2% of the OSHA TWA PEL of
200 ppm Since the workers were c¢onstructing a reof over the re=
frigeration unit at the southeast corner of the formaldehyde pre-
duction unit, 1t 18 expected that the exposure was lower than 1f
the workers had been repairing leaks. It 15 expected that even 1f
leaks were belng repalred, the exposure would be nonexcessive be-
cause the PEL 15 high, the duration of these repalrs 1s usually
short, and the workers take safety precautions in such cases.
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10.2.3 Area Methancl Sampling

Two consecutive 4-hour area gamples were taken 1n eight locations

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

of the locations. Sample times ranged from 225 to 251 minutes *
for individual samples and from 474 to 484 minutes for the two
consecutive samples. A ninth lecation had three nonconsecutive

samples taken, ranging from 117 minutes to 176 minutes. Thas

location, methanol unloading, 1% an intermittent operaticn and

18 only visited when unloading a tank car. Analytical results

for the samples taken in these locations can be found in Table 8,

Section 9.

The production planl area samples (5 locations) range from below
detectable limits (3 ppm) to greater than 11.37 ppm. Breakthrough
occurred on three of the methanol tubes used. If 100% break-
through 1s assumed, the concentrations for these samples 18 doubled.

This yields a higher exposure potential, but 1s sti1ll less than

6% of the 0S5HA permigsible exposure limit of 200 ppm. Nineteen of

the 24 area samples were below detectable limits and an add:itional

two were slightly over the limat (3.87 and 3.38 ppm), indicating I
that exposure potential in the production area 1s low. Concen-

trations in two areas of the production area were among the 5 ana-

lytical results abhove the detection limit. Both of these areas

vwere on upper levels of the production area near the methanol

vaporizer. These locations may indicate that the vaporizer 1is

releasing methanol vapors, but this 1s not conclusive.

Three storage area locations showed no detectable methanol can-
centrations. Engineering controls and natural ventilation of the

area appear to have prevented unacceptable concentrations of meth-
anol 1in this area during the survey.
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10.2.4 General Conclusicns on Methaneol Exposure

The personal and area samples taken during the detailed industrial
hygiene survey vield very low exposures to methanol with only 9 of
44 samples measuring concentrations above detectable limits. The
highest level neasured inc¢luding an assumed 100% breakthrough of
the si1lica gel tube, would result in only 11% of the 0SHA PEL

{TWA 200 ppm). This shows that during the survey, the plant was
well controlled through engineering and work practices and that

1t poses little eXcessive exposure threat to the workers under
normal operating conditions

10 3 EVALUATICN OF ENGINEERING CONTROLS

10 3.1 Fg¢rmaldehyde Sampling

Table 9 1n Sectilion 9 presents the analytical results of the source
formaldehyde sampling. Footnotes indicate that five of the seven
samples taken had breakthrough into the backup section of Lhe
sample tubes. This breakthrough exceeded 100% for these five
tubes, which indicates that the sampling volume was too large or
the concentrations too high and that the values reported can only
be used as rough "minimum" estimates of any values. In addition,
these five cencentrations exceeded the calibraton curve for the
method, making exXtrapolation necessary for any numerical result.
Thus, these concentrations are not indicative of the true con-
centrations for these sources except to i1ndicate the high concen-
trations compared to personal and area samples.

The remalning test samples also i1ndicate higher concentrations
than any area or personal sample discussed earlier. Thls was an-
ticipated, based on the enclogsed volume from which the samples
were taken and the close proximity of the potential leak points
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Tube number 433 also exceeded the calibration curve for the ana-
lytical method, but i1t was within reasonable limifs, se the
reading 1 approximately correct.

Analytical results for mass released per day are summarized 1n
Table 12. These results assume that the concentration released
was constant within the volume and that the leak rate from the
controls was constant.

TABLE 12. MASS LOADINGS RELEASEDR FROM SCQURCES

HCHO Sampling

Source Tube mass, time, Dai1ly release

description no. ug min rate, g/d
absorber pump #1 1,090 84.02 123 9 8 x 10 ¢
Absorber pump #2 433 194.86 124 2.26,x 10_3
1,794a 417.48 1is 5.05 x 103

IrOEOa 451.85 117 5.56 x 10_3

Loading pump 1,913a 216.06 33 9.43 x 10_3
S1de agitator tank F-8 38 2,596.9 238 15.7 x 10 2
side agitator tank F-10 1,719% 2,283.7 236 13.9 x 10 2

aBreakthrough occurred - values reported are minimum.

These samples indicate a low release rate for fcrmaldehyde from

the absorber pumps. Unfaortunately, this cannot be assumed for the
other out-of-calibration/breakthrough results. If 100¥% breakthrough
15 used as a minimum numbetr, the release rate for absorber pump #2
ranges from 2.26 x 10 23 g/d to 11.1 x 10° 3 g/d and up to 18.9

X 10°* g/d for a similar pump used for loading formaldehyde onto
trucks. Thus, release rates for these pumps must be considered
higher than these values indicate, by an undetermined amount.

No time evaluation of these controls (pump and agitator seals)

can be made as a result of the large concentrations reported in

the samples that overwhelmed standard sampling tubes and analytical
methods. Eased on the samples taken, 1t can be concluded that the
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pumps and agitators sampled are a source of formaldehyde emissions.
From the area samples discussed earlier, 1t can be concluded that
potential emission points are sufficiently controlled to maintain
formaldehyde exposure to permissible levels However, no conclusion
can be made on the effectiveness of leak prevention at individual
pcolints.

10.3.2 Methanol Sampling

Table 10 1n Section 9 presents the analytical results cof the
source methanol samples Footnotes indicate that breakthrough
cccurred on all five sampling tubes. Breakthrough ranged from
38 8% to 53%. CLConcentrations on the tubes did not exceed the
capacity of the methancl tubes (~9%00 mg/m® = 687 ppm) Methanol
breakthrough 1n the tubes was not anticapated and 1g hot clearly
understood at this time. It has been proposed that methanol
migration occurred due to humid conditions during storage This

possibllity is currently being investigated under controlled
si1tuations.

The methanel breakthrough in the tubes creates a problem similar
to that discussed for the formaldehyde samples. However, in this
case, the concentrations are within the calibration limits and
breakthrough on the bhack sections of the tubes 1s less than 100%.
If we assume that the breakthrough 1s real, a portion of the
methanol may have been released from the tubes. Thus, the concen-
trations reported are minimum values, Table 13 presents the min-
imum releagse rate for methanol from the controls tested.

The table values indicate a low daily release rate ranging from

5.8 x 10 % g/d to 1.255 x 10! g/d. These release rates ares not
high enough to create a large envelope of concentration arcund the
controls which exceeds the permissible concentration of 200 ppm.
Methanol exposure was adequately contrelled by the engineering con-
trols (1.e., pump seals) during the survey.
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TABLE 13. MINIMUM METEANCL RELEASE RATES
FROM ENGINEERING CONTROLS "

MeCH  Samplling

Tube  mass, time, Break- Dai1ly release .

Descraption no. pg min through, % rate, g/d
MeOH supply _

pump #1 40 2,013 114 38.8 2 565 x 102
MeOH supply _
pump #2 19 827 202 48.0 5.8 x 10 2
41 B&7 il4 44 .4 1.1 x 10 ¢

MeOH unleoading _

pump 28 10,800 124 53.0 1.255 x 10t

52 11,400 146 52.0 1.125 x 10 1

10.4 FINAL CONCLUSIONE

The Georgia-Pacific Albany, Oregon formaldehyde production plant

uses work practices, engineering controls, and natural ventilation

to control worker exposure to formaldehyde and methanol to accept-

able levels. In most cases, formaldehyde exposure 15 below 20% of F
the OSHA permissible exposure limit of 3 ppm 8-hi TWA and the OSHA
short-term exposure limit of S ppm. The nine areas sanpled were

within these limits. Engineering controls appear to maintain low “
levels of formaldehyde in the work environment, but no exact con-

clusions can be made regarding the amount of emissions. It ap-

peared that the natural ventilation of the area including a fairly
constant wind during the survey, affected the concentration more

than the engineering controls. 1t 1s expected that the engineering
controls would be adequate to maintain formaldehyde concentrations

below acceptable limits when no wind 1s present.
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APPENDIX A

VESSEL AND TANK ENTRY PROCEDURE
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NEVER enter any tanks, vessels, tank trucks, or piece of eguipment
without:

(1} Informing immediate supervisor of intention to enter
the equipment.

{(2) Making positive that all electricity to moving mechan-
1cal parts 1s shut off by using the proper Electrical
Lockout procedure or Tag/Lockout procedure.

{3) Wearing the.proper safety clothing with safety belt
and rope attached.

Don't be a
Chance Taker

(4) Having a helper standing outside the tank, vessel, or
pilece of equipment dressed 1nh like fashion ready to
assist 1f needed.

(5} Having the helpeyr positioned i1n a place where he can
watch and immediately assist 1f needed.

{6} Having self-breathing equipment on the 1mmediate site
for instantaneous use.

{7) Having thoroughly planned the operation or task and
communicating this plan to the helper before entering
the vessel.

{8) Check tank with explosimeter for oxygen content and/or
explosive ranges.

{9) shut and tag out all valves which could unexpectedly
fail and spill on personnel 1inside vessels or tanks.

VIOLATION OF THE PRECEDING RULES WILL RESULT IN
AN AUTOMATIC I - 2 DAY SUSPENSION WITHOUT PAY
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APPENDIX B

PROCEDURE FOR ENTERING TANKS,
VESSELS, OR CONFINED AREAS
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No person shall enter a manhole, tank, or vessel without the
approval of his supervisor or the department supervisor.

Prior to such entry:

1. Management shall designate an individual who shall be respon-
sible for the safety of the employees and institute such
means, methods, and practices as to render the work, and
place of work safe. The designated perscon shall ascertain
that the written procedures are followed.

2. Each vegsel, tank, or confined area shall be purged and/or
ventilated as thoroughly as practical.

3. Liguid and steam valves shall be closed and locked. Lines
will be hlanked and locked when the line contents and/or
veolume present a hazard.

4. All electrical circuits to agitators, pumps, etc , shall be
locked out.

5. The atmosphere within the vessel, tank, or confined area
wi1ill be tested for explosive vapors, suspected toxiC agents,
and adeguate oxygen.

& Electrical circuite leading into the wessel, tank, or con-
fined area where conductive hazards exist shall be protected
by a "ground fault interrupter™ or the voltage shall not
exceed 24 volts.

7. All safety eguipment necessary shall be at the Job site and
shall be inspected and/or tested to assure that 1t functions
properly.

8. An attendant shall remain outside at the opening of the

confined area to render assistance necessary to the persons
inside.

§. Tests shall be conducted at reasonable i1ntervals, as work
progresgses, by a person thorcoughly trained and ainstructed
in the use of the instruments required. Types of solvents
and/or cleaners 1n use shall be considered when determining
"reasonable intervals."

G. E. Gregory

Plant Manager

Albany Chemicals-Resins
Georgia=FPacific

83



APPENDIX C

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

Chromatography

Ronaid X Beasiey Catherme E Hotimann, Mehnn L Rueppel. and Jimmy W Worley*
Resesrc™ DepariMen: Monsanto Agrcufiveat Proguets Company GO0 North Lingpargh Bouievard 5t Lows Mssoun 63158

& metihod for the specitic determination of formaldehyde in
afr Is gescribed Formaldehyde 5 sampled with sihkca gel
coaled with 2 4-dinttrsphenylhydrazine  The sorbemt is ex-
lracied wilh acetonliszila, and the hydrazone s determined by
raverse-phase HFLC whh UY deleclion a1 340 nm  The math-
ot was validated ower the range of 25 93 3 ag lormaldehyde
(0 10-3 8 ppm tor & 20-L &lr 5ample] Average recovary was
94 perceni, wih a telative slandard davlation of 0 04

Pote=ttal necupationg] exposure to farmaldehvde s mapar
indus.rial chemical worldwide has been s serious eoneern
The concer= 15 bescd oo ats s (Mant rrtand efleet 1= 4
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and an s puternal (o react wi b nndrreb’onie aeid 1o tnem
bizlchlaromethi]h ether » knunncaruhogen «f+ The concern
bas intenaified recenth with <be announcement By the
Chemacal Industr Institute of Toviewlugs 121 that preli mnen,
results of a lang were inhalan~n ~tudsy mdicate formaldehyde
ib & CATCIROLED 1N TA1S

Mary methods for Lhe determmation of formeldehyde iy
air have been reporled (2 6-12) but none sllow s convenient,
rellable and spectfic mepcuremert of personnel exposure We
now report 8 new selid sorbent procedure fur formaldehvde
which orercomes theee problems  The sorbent 15 silice pel
coated wilh 24 dimtrophem thvdrazine  Analvsis of the re
suling hvdrazone dernatne 1o by HPLC with 1TV detectiop
amang the demred speniflicntsy Humidin aaf slorage efleoe



zre repuried alung with the rreulls of validatiun, Oeld westing
and comparion with the wideh used chrmotropae acd

pracedurs

EXPERIMENTAL

Reapentz Formaidehvde (37%) dimeths] formamyde and
budrochivtie aerd wore Fisher Corufied AUS gradies Arstomirale
%a< Burdich & Jachson distalled in glass  Silica pel wat frsm
Aldpich ICataling o 21 a1 & Grade 15 35-B0 mresh)

2 4 Drmrtrophen thadrazine (2 4.1 TPH was from Matheson
Coleman and Bell Auther e formaldehs de hvdrazone denivative
way nrepared by a Litetature procedure (1N and recrvstallzed
thrpe times from atdgnced mp 162-165 °C tht mp, 166 °()

Certified puraformaldehn de permeation tubes were purchased
from Metronies Corpomanion o-Pobooxs methvlene {a POM)
Permention tubed were preparcd from o-POM suppled toas In
W M Hevnes of the Entvironmmental Analvtical Seiences Centet
Monsanto Research Carporatien Davion, Dhie

Apparates Parghle sampling pumpe were Models P20 and
P4007 from E 1 du Pont de Nemoors £ Co, Inc

The HPLC svetem uced wa- 2 Waters Model 600714 pump a
Rheodsne Mudel 7010 10 ceaen s alve with Model 011 foop filier
Po4 and 50 1, fixed volums ioop A W oaters Model $40 UV visthile
tbsorbance detecter Hitted witk a 440 nem wasclength kit and n
Hagstan Instrument O sorthie B 5000 recarder fitted wrth a
Spectrum 10214 fiter and amphficr & Waere O, /Crrasil guard
tchimn was ueed with 8 Suprlen Suprlcost LC-R 1150 X 46 mm
nghvticel colimn

A Verronics Dvnaralibrawe Model 450 permeaton evetem nith
high temperarLre optom was wted

A General Eastern Mode? 4000 retative humidms "temperature
menitar was used 10 1he humichty studies

Generataon of Formaldehsde Standard Permealion ruhes
of a-PO™ were prepared using 40 mp o POM per em of actine
tube length an ' -in o d Tefton tubing (1 mm wall thickness
Botk the a POM tubes end 1he purchased paraformaidehvde
tubes were veed suceessfulh Lo generete a dynamic stendard of
formaldebyar i pir & Judged by excellent correspondence of
weight louses with respences phiamed by the present <ampling
and gnalvticg’ proredute The permeation chamber was held at
B8 *{ for & POMN and ot 78 *C for parafurmalkiehvde Permeation
Tabes were- 445 ng ‘rar ‘em and 9% ng ‘nunccm respectnels

Preparabwan of 2.4 DNPH Coated Silica Ge! \ en careful
Bientior must be pnen tn the detarle af this pracedure ta vliam
e pact.nf of switable capaciiy gnd recovers  For example the
mixfure of 24 DNPH in DMF 1s unstable end must be used
quickls  DMF 15 yced beceuse of its supenor snlvent propesties

Srca gel 125 ¢ 1e placed 1n 8 100-mL round botiom (R Nask,
lolfomed by {25 mL of € % HCl DMF 40 mL, < added ta e
S0-mL vclumetric Mask eantaning 50 24 DNPH This mixture
5avorled 10-15 s quickls diluted to the mark with additzonal
DMF and immediatels poured through a glass waool plug in e
funnel 1o the flask contaimng the sibica gel and HOI The
¥olumetirie Mask and glass w ool are nnsed with an additonal 5
L of OMF, whuch is also added ta the RB flask  The muxture
15 gllowed to stand for 30 min with occessonel swirling, befare
selation by vacuum filtretinn The coated silica pel mas be finsed
aparingly with DMF (2-3 mL) Excessn e washing will result in
decreased capacits for formaldehsde It 1s left an the filer paper
with eontinued sucacn Tur 1-2 rin and then transferred guu b
e 100 mL BB Mask !t 1< dred under vacoum at % °C for ]
B, with brief turmirg etery 10 min Continuous turming a= nn
B rotary evaporalor was found {0 grind the partictes too finely
and result in anaceeplable hack pressure w1 subsegquent gir sam
Pling Much longer drying umes as avernght, apparentls com
Pletely remove ressdual DMF and resull m decreased collection
tlicimrcy

The straw vellow colored coated silics gel so oblamned s stored
th & glars bottle containing e stanper of polsprop lene or other
acceptable meterjal Bakeliir caps must not e uwd o5 they will
contaminate the coating  The coating normalls 1% ’lahle far g
::u't 1 month but should be rechecked Tor guals, evers wor b ar

Preparation of Samphng Tubes The collerlinn des 1oe 35
agiass tube 10em X4 mmid %' in od contaimng g WHr fmy,
front sect:on and T3mg hact up section of the ¢nated wlica gyl
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0% KUFS

A

L] lI E 4 2
MINUTES

Figuts 1  HPLC civomstogram for igeclion of 46 ug of form-
aldehyde-2 4-dinitrophenyhydrazone (equvalent 1o 1 0B ppm form-
aklehyde i an lor 8 20-L ay sample}

The alica gel w retained at each #nd and the 1wo sections pre
separated by small plugs of glass wool T 1< wsefuld w have p small
indentation in the gless 1ube behind the back up Fection to ensute
the pacling 1% held in plare duninp sampie collection

Tuhes prepared as deceritwed here were found 10 have a pressure
drepof 75 tn HpO at o flow rate of 118 mL‘min They have a
capacits of ~1273 ug CHL0 5 ppm for &8 20 L air sample) befare
signilierl breakthrough occurs regardless of hurmdity

Awr Eampling  Semphing in the fabarators was done by
connecting one end of a samphng tube 1o the Stream Cutlet
of the Dnvnacelibrator via a short lengih of *4, i 0 d Teflon obing
and the other end 1o ane of the Du Pont pumpe  Formaldehyde
loadings were vatied by time of collection with constant per
menlim and flow rater Tvpiceliv the outpul of the permeation
device was =et for ~10 ppin end was “sampled st 100-200
mi/min For stpodies where & full 20 L or more air sample was
demred hut not eblamed by this sampling procedure, the make up
aur was pbtained from additional samphing  of 2erc air supplied
by the Dvancalibrator

For the humidats studies, the additional air was humdified
by buhbhing throuph s setutated sclulion of potassium sulfate
{3A-89% relats o hurmidiis ) in an apparatus that wae ali glass
except for the probe of the bumidity monnenng device

Field semples i production facilities were obtained using the
D Pont pumps A tvpucal sampling rate wes 110 mbLfmin For
ficld experimentls with spiked tobes the ¢pihe was spplied Lo the
tube 1n the laboraters using the procedure deseribed above

Analvsis The [ront section of the rollechion tube 1ncluding
the froni glass wool plug s transferred (o a 1 dram via) rontasmng
%0 mL acetominile The back-up secuion and the glass waol plug
thet separates the twa sections are treated similarly The vials
are stoppered with polyprop lene caps {no Bakelite) gnd allowed
to stand oversght

For analvsis, ~0 2 mL of the desorbing solution 15 injected mto
the loop filier part 1o provide Dushing and laading of the 50-xL
inecticnwolume  The systemn also s MNushed wath CHyC between
injections  Maobile phase for the analvsis 1 65/35 (1 /1) nater/
actiemitnle pumped nt 20 ml mm Tvpical chramatogrems are
shown in Figures 1-2

Quantitalion n this work was done hy peak hejght using &
calibration curve genersted from a senes of stardnras containing
10-400 pg/ml suthentic formaldehrde 2.4 dintropheml|
mdrarone 1n acetonithle (corresponding 1o ~0 1-4 € ppm CH.0
m air for & 20 L sample)

RESULTS AND DISCUSSION

Sarmplmg far personnel exposure bis trapging the substance
of interest on a solid sorkent has hecame a faithy routine
practice (J0 The materal s desurbed from the sorbent,
either thermath arwith solvent and subsequently determined
by vErious techniques, oflen specificalh  Solid sorbent sam-
phng for persennel exposure 18 much preferable to hgud
abaortung tec hniques hecause of patential risks to the worker

i
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Figure 2 HPLC chvoma wzram 1o imection ol samake resultmg rom
Coestor 21 122 ;¢ o) Toemalsenyde 4 56 oopm 10 8 20 L samme,
¢~ a2 &l PR cod el snia gel whe as cescnbed 0 the Expenme-ital

se8Inn

ny mes

AT

& £ & &t &« * 3
(LY 4.4
Figure 3 HPLD ciroratog am ke g hewd sample 313 1063101 where
to maldet.de susedes a raw ma e a' The zample was delerrmingd
to regresen O ES ppm tormalgenyde n arr

posed b giess impingess containg ¢ vanous hquids

Lnfomunatels the solid sorlent technigue 15 often difficult
t:de witk highly reactive malicules T he matenal masy nat
mal A e Chamacalhimtegor . dunng sampling or subseguent
& TERE L toasabvse 1oy oandire Badrobvae polun
enZ0 of L Ofenge othes tranddormatio s Woid and Anaerson
i7=Fo o viree td many soiid aorbey 1< 1or sampang form
gldeb de 8: 3 found none eptirels suitable Tor formalde by de
relerto € gt Laedits jevels Fimally Wurming was chisen
Bot 1t e 12 Be ued for only a4 10 min sampling peried and
}‘Eld o bt desurbed inmedaatcds prresent ook reconers

A wozal approach for formaldensde and other reactne
malecules the 115 to cugl the <ulid sorbent with sume material
which il exher moderate the reactnaty or else take ads anlage
of 1L ang direct 1 1oward <1abie products which can be readih
deworbed and gnalvzed and which are ac specifically indicatin e
of the ur Lnar substance nf N s a5 pussiile This approact
mas Bl=o help with the problem of kw sorbent capeoity that
wophserved ofoon with sms™ el -

B7

Hurioy and hetcham 1151 apphed this approach to au:mlelr:1
which was sampled with charen reated with hvdroguinone
Our method (163 for chlurear o] dilonde o wir s related The
acid chlortde ts trapped on wilica pel and determmed by joh
chromatapraphy as its hvdrolv -1 pruducts monochlororcetsts
and chlonde Here the dumvatizing agent 15 water, which
has & hugh affinity For siira pel

Kim, Geras and hupe! {771 recentlv reported a solid
sorbent procedure Jor formaldehyde which ulilizes thes con
Lejn Formaldibyde s sampled on charenal woprepnated wath
an oxizing agent, praprciary tn Barneby Chenesy Co The
reactive furmaldehide 15 oxudized 1o the more steble formate
«pretes, which 18 subseguent]y descrbed and determined by
wm chromatographs The s & sspmficant isprosement o et
previous methuds but oo is noL completely speciic for form
aldehide. and it may net he readils extrapolatabie Lo other
aldehvdes and certainls not to hetones .

Use of the coated selid serben. approach for furmaldeh de
works well in the pre~ent case ¥4 Dinitraphens lhydrazidy
g es a stable dernatine which may be determined with good
sensitisis by HPLC .

Samplirg The ke tothe present work 15 the suceessfyl
preparation of 24 DNPH coated sorbent of suitable capacity,
collection efficiency, and cernaiar recoven b Arious sorbents,
including alumina, molecu.a- sieves and Ambersorh b E ‘34::
we-e invesligaled before selecting sthea gel IMVEF was selected
as the hest solvent fur 24 DNPH although sigmificant
problems with mswles of Ghe 24 DNPH-DAF movture hatd
to be overcome Approamateh 20 expeniments were domne
1o define the bewt sequence and tirming of operations  Several
kev pomnts were ideniified One of these v.as the necessity
of hasving HCl in the preparation possibly either o catalyze
1he reaction af 24 DNPH w.th CH O or to activate the siien
rel surface Coated solid enrbent prepared without HC) gave
resulis 11% Jower than those anere HCI was used The
telativ e decrease was conslant aver a 2 fold range of form
aldetn de Juading indicating ¢ was due Lo decreased cohectiof
efficiency and not to decreased capac,ts MWlore sir hing was
the efiect of order of add:tion of ~eagents Sorbent prepared
inwhich the 24 ONPH was drscolbved firet in HCL 1o prefonh
the hvdroachlonde salt Tolloved by DVF, had 4 40% decrease
in enllection efficiency Thi- re<y ]t 1= ne? well understood bt
mas have to dowith wetur ¢ ef 1ne silica pel The procedurg
as defimed 1n the Experimontal section has heen found w
reproduethly give coated siiica gel with a gued collecuion ef-
ficiency, vapacity far =3 pen tormalaehyvde (lor g 20 L gir
sample) and dernative recovers greater JSan 50% However,
every bateh of coated silico gdd shoulz be cheched in the
laboratary Lo ensure quaiits before 148 use for feld sempling

The chaice of acstonitnle lor desortung solvent groes goad
recovery of the formatdebvde dernative and 15 highlv com
pauble with the molule phaze 1n the subseguent HFLE
anal ss

Analvers Scveralrepuris i 'S+ have eppected pre
vinosiy o high performa: ce howd chromatography of 2 4
duntrephenslhvdrazones mevding ane {6 speafically [0
determiming, aldehvder in air u=ing ampingers< ronlaining
24 DNPH  Detection we- by Uy at 254, 338 or 340 nm

In our hands the chromaingraphsy was straightforsard &t
the leveis of interest, we cxuountered sigmificant bahpround
prublems a1 25 nm  These were not present at 240 no

A tvpical chromatopram for authentie formeldehsde 2.4-
dimitrophen Jhvdrazene iz shown i Figure I The neture of
the smali shaulder on the hack side of the hvdrazone 1s not
hnown but it was reproducible and also was observed ih
samples from the trapping ol "iboratory generated standard
formaldehnde or field samples with the 24 IPH coated
ailira el tubes 1Fumures 2 and v That 118 ebeennod wn®
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conen found !
ppm¥ pam®” recoaeT Ral:
G o5 0 {8 B4 0 0nn1
o Q42 95 o042
1 03 i00 L 0 034
20 1 EO 83 QD49
3B 36 ag 0040

® Haced o 2 20 L oair sample  Amounl hesed on weight
toss ef permeation tube and time of colliction at con
slant rate Aserape gf mix sampies  Measurements
were testerd for outlicrs by Grubbe® 1est {78 20; al the
097 canlidenee Irve]l € Pooling of the individual RSD=
prves the resutt of 0 D37 with 77 value fram Bartieul's
lest 119, 27)0f 49 50 Omittmg the KED at the 0 08
ppm level results in a3 pooled RS0 of 0G41 with »? al
062 (cnucal values for x? at the 0 0] Jevel arc 32 25 [or
four deprees of Irecdom and 11 33 for three degrees of
{reedom)

sutheniic hydrezune indicates 1t is nut related 10 the 2.4
DNPH-DAF mstetihny problem  [ts relalive yétention
changes depending or the particular HPLC column used A
R aters Associates g-Bundapoh (ap column wak found ta gne
8 singie sharp peah with nushoulder U<e of & Zorbax Qs
column {Du Pont) resulled 1n a small shoulder on the front
ude of the main peak

A small bachground peak, equnalent to ~0 08 ppm CHO
for & P0-L. air saznple, was routnels present in blank sanples
prepared :n the laboratory  One source of rontamination that
was pbscroed and should be avuided s Bakelite bottle caps
Bakel te of course, 1s g polymer prepared from [ormaldehvde
ard phenol Apparently enough fre= lormaldehvde 1s avalable
10 eause g Jow level bachground

Validatien The meLhod was laboratory vahidated by
generating <tx sampies al each of five levels eguivalent W
01-3 B ppm formaldehy de for a 20-L air sample The resulis
are summarized in Table ] Average recavers was 34%  The
pocled roefficient of vanatien. or relative standerd deviatian,
was 0 D4 Frecision Bt the lowest level is probably artficialiy
good due 1o the insdeguacy of the peak height measurement
at thie level A lLinear regression of formaldehvde expected
15 found showed eacellent correlation, with a slupe of 095
wnd gn intercept ol ~0 0] ppm

The bach-up seetions of ol validation sampies were analvzed
alsc Mo breskthrough was observed

Humidily Studies For uncoated solid sorbenis, where
the collection 15 clearly by an ad<arplion process, increased
hutdity generally resulis m an merease i breekthreugh For
formaldehyde particularly {7-16), this was noted to be a
sigmficant problem  Possible humidity effects in the present
case were studied by examiming beth breakthrough and re-
covery of formaldehysde spikes on 2.4 DNPH-coated siiica gel
tobes that were used 1o “sample” 20 L of air at 96-95%
relative humidity

"The spike 1 al! cases was equivalent to 4 ppm formaldehyde
and waz appled by the permeation device erther befare any
wr wes sampled or after 5 of the 20 1, had heen sampled The
intter case allowed the sorbent Lo be somewhat preconditioned
1o any potential effects of the high humsdats

Mo breakthrouph shte hach-up sections wad shserved, and
recos enes of formaidehyde or the derivative, either imme-
diately after sampling or efter five dav<’ stornge, were within
!ﬁ::uumca.l hmits of the validetion results, with no appamrat

Btorage Effects, Dfien it 1s not practicnl to anah e or
even to deserb g sample for several davs, particulnrly f the
sample 18 heang shipped off fite for nnalvis Ly wome cioem

this resylis yn aptuiicant sampic boss or, particularly sn the
ciase of veldaluile compeunds, signaficant magration of semple
te the back up section, resullng n A falee indication of
hreahthmugh

[s the present case, storage studies indicated that samples
shouid be desorbed within 1-2 dnvs for maumum recaveries
Loisucs up bo 30% can pcewr After § davs The resulting de
rorhed nuatures are stable for some ttme  Recotery of form.
aldehvdr was unchanged for up 10 20 davs for refrigerated
desorhed seltion Trom which the glass woal and silica gel were
remueved after ane day and for at least nine deye if the glass
worl and silica gel were not removed

Fiold Tests The performance of this method was evalu.
pied 1n several tacts ot three indusinal locations where form-
aldehvde s ustd an & raw molenal 1n two widely dilferent
processes and where a great di ersity of other chemical pro-
cesses arp I operation nearby Approximately 75 semples
were 1ahen Mo spmpling or analytieal problems were ob-
eerved No breakihrough mnte a back-up seclion was found
The largest Joading was 108 pp formaldehsde obtaned over
anerwd of 30 h a1 113 mL fmen {ambrent temperature, ~J32
2 refatine humiditr, 51%)

Syme addinonal field resulis are discussed 1n the pext
Geg Lo

Comparison to Chremoiropic Acid Procedure The
most widely uted procedure for formaldehvde in 27 15 ool
lection of sample 1 an impinger of water and subsequent
spectruphitometric determnation using the chromotropic acid
procedure {120 In sddston to the usual disedhantages of
impinging methods, the chromotrope seid procedure hes long
been recognized to be subjerct to manv interferences Ve
cumpared the new costed <ohd sorbent procedure with the
chromotrepic acid method and found that the néw procedure
mives higher results both in the laboratory and in the field
Furthermore, the solid sorbent result appears to be the

correclt answer

In the Igboratory, water contaiming 1mpingers were used to
collee! standard formaldehivde vapor from the permeation
device Subsequent determination was dope with chromo-
tzopic aeid with calibration based on formakin solution whose
concentration had heen determined by titeation with wodine
These tesults often were 15-30% lower than those from
compazsble samples using the 2,4-DNPH-costed sihes gel
tubes, with calibration: based on authentic hsdrazone deny-
ative The hvdrazone results agreed exactly with calcuiated
results based on weight loss from the permeation tube  As
an additional cross-check, the formahin solution alsc was de-
iermined using 2.4-DNPH and HPLC This result and the
jocdine fipation result were identical

The Jower results with the impingers Br2 not due to poor
collection efficiency of to sample stabibty, since formaldehyde
Jevels did not decrease when up to 55 L of air were passed
through the svstem over 3 h at temperatures up to 49 °C

The discrepaney between the two methods was checked
further in the field teats Results from the chramotropic acid
procedure were 27-28% lower than those from the coated
silica sorbent method

The results from one field study are shown i Table 11
Fuuz solid sorbent tubes and four tmpinger assemblies were
get at the same samphng location The vanous desices were
within a few inches of each other but the sampling nlets were
nat in Intimete contact. The mean of the sohd sarbent results
was 2 2 ppm, with & standard deviation of 0 3 ppt The mean
of the impinger results wes 1 § ppm, with a standard deviauon
ol 2ppm An unpnired T teal shuwed thal theao reaubie were

88 jatwuically different at the 95% confidence level

The reaults of another field test usimg boath apiked and
tonnpitked solid sochonl tubrs and impmgers pre shown in

.}

N
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Tublo 11 Resubts of Parallel §cld Sosts Lmng

2 4 DNTH Coated Siliew Gel® and Watcer Implnﬂi‘l"i"

formaldelwde found, ppm

replicate
ne [rom coaled gel from immngLr
1 24 17
2 156 14
3 L& 14
4 24 = 44
¥=22e=013 A=1G0=02

© Zamplis snals zed Ly the HPLC method deseribed in
the Experimental recuon ¥ Samples anaiyzed by the
chromotropic a¢id procedure (J2)

Table [II Results of Field Tests Using Both Spiked and
Unspiked Callection Devices

ambent

CHOC

concn

totel fiotal

ng of CHQ CH,O pmonus

sam  spiked, found, smked)

stmple ty pe ples ppm pprm ppm

coated silica gel 3 0 &5 17k {o0
coated slica gel 3 a0 087 0BT
ympLnger 3 075 140 0 63
ImpInger 3 od U &E 066

Table 117 Inthis test the spuking amount was fortuitousiy
elmast 1de~tical to the ambient formaldehde enncentratzon
obiered Guood spihe reconers was cbserved The impinger
results were 8% Jower than in the solid sorbent results

After completion of this worl, a2 similar method, using GC
agnelsis and AAD 2 resin rosted with 2,4 dimirophenyl-
hidranne, was reporied (22)
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Formaldervde Samglirg Procedures:

-

i)

£]

h

The samplins tubes should be placted in a vertical position during samplang
to minimize possible channeling through the tubes,

The tubes labelled "Blank" and "Spiked Blank" should ke placed, waitn end
caps on, 1in the area sampling 1s taking plarce. These tubes are for ouality

control purpases.,

Two tubes, one "Sriked” and one unstaked, should be used to sample tne
area s:maltanec.sly under tne same conditiomns.,

Tne unsgaihec tupe sarpled along saxde the "spiked® tube in Ster =3 snould
ba Troperly iae-tifiec -

Gz} ¢ tie manter previously destribed

Flease Keep tne sanpling tubes refrigerated when not in use to enhance tne
stabiiity of tne patking.

Tne rpacking materlal 1n the sampling tubes 1s stable for tWo weeks only
Therefore, prorpt samplang and analysis is important

‘ul

20
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Analvte Methyl Alcochol

Methyl Alcohol

Matris Alr Range.

OS5k Standaznd

Procedure Adgorption on silica gel,

200 ppm (260 mg/cu @)

desorption with water,
GC

Metnod Ko,

559

14G-540 Fg/len -

Precisicn (CQT}

Valicstieon Date

LA ]

Ll

Principle of the Methed

1,1 A known volume of air is drawn through a silicz gel tube to trap

the organic vapors present.

1.2 The silica gel in the tube is transferrec to 2 stzll, stoppered
samnle contalner and rthe analyte 1s deserbec with water.

1.3 4n aliquotr of the cescrbed sample is injected 1nto z gas

chrowmatograph.

1 & Tne area of the rezulting pezk Ic deterrired
greas obizined frot the 1rjectlion of stancar

=
cs

-

Sensitiviry

1
fow

b
[

e &0

Lo |
L

frx

1 methed was validated cver the racge of 12

- o
2T &7 atmospheric teopeérature anc préssuye of

-3
4

cert

EraC W

g, USINE a nominal 3-liter sample T=eer the conditicng o
sarple size (5 liters' the probzble rz—gt cf this method 18
gires nearls

w

25-%00 mg/cu m gt a cerector senmsitinvit. thar
2

-
deflection on the strin chavt recorder for

4=—p saTple,

The wethed is capable of measuring rach srazller zmounts if tre
cesorption efficiercv 13 sdequate. Desovption efficiency must

be determined aver the range used.

2%}
P

T1e uoper limat of tpe Tange of the retrod 25 cepencgert g-

acscrdtive capacity of tne silica gel tuse  Tris caDacit

witn the concentraticr of <he analvte anc
tve zir., The first section of the s1lice
to hold 5.6 mp of the analvte when a rest
refeu m ef the analvte in dry axr wae g&rp
minute for 52 ranutes. FBreakthrougn oceour

el
-

ea
ed

MBI 0
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wmosphere of 540
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{ e , the concentration of the analvte in the effluent was 5% of

that in tne influent. (The silica gel tube consists of two
sections of silica gel sepzrated by a section of urethane foam.
tee Section 6.2.) If a particuler atmosphere 1s suspected of
containirg a large amount of contaminant, a smaller sampling

volume should he taken.

Interference

3.1 When the ameunt of water In the axr is so grear that condensa-
tien actuwally occurs in the tube, organic vapers will not be

trapped efficlently.

3.2 When two or more compounds are known or suspectea ¢0 be pIesent
in the &ly, such Infarmatior, idcluding thelr suspected identi-
ties, should he transwitted with the sample.

3.2 It must be erphasized that any compound which has the same re-

tention time as the specific ¢ompound under study at the operating
condivticns described in this method is an interference. Retentionm

tize catd on a single ecolumn cannot be corsidered as proof of
chervical identity.

3.4 If the possibility of interference exists, separztion ceondi-
tlons (column packing, terperature, etc ) cutt be changed to
circumvent the problem.

Precision and Accuracy

4 1 The Coesficlent of Variaticn (CV.} for the total znalveical and

szmpling method in the venge of 140 to 540 mgfec m was 0.063. Thras

value ceorresponds to a standard deviarion of 16.5 wgfcu m at the
C3%4 stanaard level. Statistical informatzor z-2 detazls of the
valloatien &nd exper:imertal test proceaures car oe found In
Reference 131.2.

=
(%)

The avergge values obtzainec using the overall sampling anc
analvtizal method were £ 9° Ipwer tnar the 'true” value at tne
CEHA siandard level.

4.3 The above cata are based on validation experiments using the
internzl stancard method {Reference 11,540

Aavantages and Disadventages of the Method

5> 1 T-e sarvling device is srzll, vortable, &nd invelves no liguids
Interferences are minimal, and most of those whicn oo ccocur ¢zn
be el!l~irarec by alterinpp chromatograohic conditiers. The

tubes zre atzlyzed bv mezns ¢f a cuice, instrumental methoc

Tne methoa ¢ar alse be used for tne Simultansous analysis ¢f Two
OT mare conpounds suspectec teo be present in tne same saople by
simplv chanpging gas chromatogrevhic conditions from iscthermal to
4 temperature-programed mode of operatiom.
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5.3

fme disadvantage of the method is that the amocnt cf seémple whach
mrlligrars that the

can be taken s limited by the tumber of ==
rybe will hola before overloading. When tne sample value abtainfc
for the backup section of the silica gel tube ewnceeds 25% of that

found on the front sectlon, the possibility of sarple loss exisSts,

Turtnermere, the precision of the mettod 15 lamited b+ the re-

oroducitility of the pressure drop across the tubés. Tris drep
will a5fect the flow rvate and cause tne volume to he 1rorecise,
hecguse the pump 1& usuzlly calibrated for one tube orlt.

Apoaratdas

f 1 4 caliorated nersonzl sarplirg purp wecse o e be aeterrinec
accuratele (=5%) 2t the recemreraed flowv Tate, ~zfere~ze 11.3)

£.2 S1licez gel tubes glass tube with ocoth ends ilare sez.ed, ~ o7
long with a 6= 0D and & &-rm I,D., cofitaziri-g o *=fClO™E
cf 20/40 megh s1licza pel sevarated np A Z-mm o Teer T 0 LTEITENE
foam The absgprbing secrion contanrs 100 mg of st~z el
tne hackun seceion S0 mg ¢ 3-rmm portlor of wret-aive IcTe
is placed hetweenh the cutlet era of the tube arc 7= Saoel
section. & plug of silylated glass wool 4s plac v ar frore of
the abserbing sectien. The pressure gYop acrcss The Tuce —yst
be less than one inch of mercurvy a2t a flow rate of 1 1. ter per
minute,

€ 3 Gas chromatopraph equippec - 1tr a flame lonmizelic™ cetécter.

5.6 Column (10-ftr x 1/8-im, stainless steel) packec wion 107 FFAP on
80/100 Chromoserb W-Al.

€ 3 Arn elecirenie friegrator of so—e otner suliible —st-ecc Ter deter-
Tining Teéad Size areas

£ 6 Twe-milli=lirer glass sawcle co"T@lrers ~iin slaee £icopers of
Terlor -luned caps I 2n sutcrezic g&~ple 1rjesTer 1y used, The
sample dnjector viaels car be usec

6.7 Microliter svripges- 10-_.., a=a otner comvenient sizes Tor meking
standsras.

6.E Pipets 1,0-ml qelivery tive.

6 9 Voluretric Tiasks 10 -1 cor conveniert sizes for malang
standard solutions,

Reagents

7.1 Tluent Distilled water
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7.2 ™etnyl Alcchel (reagent grade).

7.3 Purifzed nltrogen. "
7 & prepurified nydrogen.

7.5 Filterea compressed alr.
Pracedure

8.1 Cleanirg of Eguipment  All plassware used for the laboratery
analvsis should be detergent washed and thoroughly rinsed with
tap water anc distilled water,

Calihration of Personal Purcs Tath personal purmp mast be cali-
brated with 2 rerresentative s1lica pel tuhe 10 t4e line, This
will ranimlze errors asspeclated with uncertainrties It tne sample
voluzme collected.

L]
I3

8.3 Collection and EhLipping of Sarples

1  Immediately hefeore sampling, break the ends of the tube
to orovide an ovening 2t leasr one—hzlf the internal
ciameter of the tube (2 mx).

8.

ha¥

8.3.2 The smaller section of silica gel 1s used 2s a bgoh-up
and should he wesiticned nearest the sagmoling pump
B.3.3 The silica gel tube shouwld be placed apm & vertical cirection ‘»
during sampiing to mi~dcize chamneling through the
silicn gel.

§.3.4 Aly bLelipe sampled sho.lc not be passed ttroug- any hose
&t tubing before e~terippg the silics gel sLte

g 3 sample sire ¢f 5 liters i1s recommendec

-

amrie st a flow of 0 I0Q liters per —in.te or lecss
1 1

1h
1
i
RS
|.J
a1
c
=]

g 3

h

The tewperatute and pressure of the atwespnere beirg
samzled should be reccrded. 1If the pressure readirg is
»ot available tne elevation should bhe recorded

£ 37 The silica gel tuhes =heould be capped wirzs the suzeliec
tlestic caps immediatels after sexplirg Urger no
circuxstanices snoulc rupber caps be uses
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8.3 8

One tube should bhe nanaled ir the szme marner as the
szmple tube (break, sezl, ana transpori), encepr that
no axr 15 sanpled through this tuke  This tube shoula
be iabveled as & blank

Capped tubes snoylc be packed tiphtly and paddec before
tney are shipred to minimize tube breabage curing shippixg

A serple of tne suspected compound should be subritzed
te the lazboratary in glass containers with Teflen -lained
caps. These figuid bull samples shoule not oe trans-
ported 1m tne same container as the silice gel tubes.

dnalysis of Sarples

§.4 1

8'&12

& 4 2

Prezaration of Sarples. In preparatlcn for zaglvsis,
eacn £1liza gel tuce is scoved with & file i~ froat cof
the first secticn of silica gel and breken oper, The
plzss wool is vencveo and discarded Tre s1lica gel I=
tne first {larper) sectficn is transferrec to & 2-rl
stoprered sample contailner or adtematic sample injector
vizl The separating sectlon of foar 1s reroved and
discarded: the second serction 3is transferrec to another
sample container or vial. These two seciiors are
analvzed separatel..

Descrption of Samoles Pricr to analvs:s, 1 O ml of
distilled water is pipetted intec eacn sarple container.
Deserption sheuld be gone for &4 hours. Tests indacate
that “his is adeguate if the sample is agitatec
cecrsionally during this period, The secple vials
should be capped as soon 2s the water is acded to
rini=ize evaporatior

&7 Conditioms Tre tvoleal eperatimg ce-citicns for o-¢
ras chre~atopreph are

1. 30 vlfmin (£0 psig) nitropen carraier pes flow

cetecior

L]

2. 30 rl/vain (50 -~ea1g) wdrogen gas flc. ¢

390 mlfwin {57 csie) air flow to cetecier

LY}

G, I0C C injecror ternerature

L

307 € manifole ter~erature (detector)

£. B0 € column re-perazore
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B.a.4

B.4,3

Injection. The first step in the analysis is the in-
jection of the sample into the gas chromategraph. To
elirinate difficulties arising from blow back or dis-
tillation within the syringe needle, one shoula exploy
the solvent flush fnjectron technique. The 10-ul
syrirpe 18 first flushed with solvent several times to
wet the barrel and plunger. Three micrpliters of sclvent
are Jdrawn into the svyringe to increase the accuracy znd
revroducibility of the injected sample volume Tre
needle 15 repoved fror the solvent, and the plunger is
pulled back about .2 11 to separate the selvert {lush
fror the sample with 2 pocket of alr to be usec as a
marker. The needle 1s then immersed in the szrole, and
a 3-.1 gliguot is vitharavn, taking into consiceératicsn
the volume of the neeale, since the sample in ine neecle
will be completely injected. Afrer the needle 25 re-
moved fre™ the sample atd prior te Injection, tne
plunger is pulled back 1.2 1l to minimize evaporetizon of
the sample from the tip of the needle. Obgerie that

the samrple occuples 4.9=5.0 pl in the barrel cof the
syringe Duplicate injectiens ¢f each sample ard
standard should be mace No more than a 3% difference
in area {5 t¢ be expectec. 2

‘A

An automatic sample injector cen be used 17 1t 1g shown
to give reproducibility at least as good as the solvent
flushk technique. i~

Meagurement of area. Tne areez of the sarole peal is
reasured by &n electreonic Irlegrgtol OY S0mE QIVEY
suiteble form of zrea measurerent, and prelimi-zr. re-
sulrs ate Tead from & standard curve preparec a5 cis-
cussez below {gee Section ©)

Determinatic~ ¢©f Desorprion Efficziency

g 5.1

Imboriance of deterrinat:on Tne desorption efficiencw
of z particular compound cen verv from one laveratery
to ancother and z2lse fror one batch of siliea gel to
another  Thus, It 1s necessavy to determine gt ieast
once the percentape of the gpecific compound the: 1is
removed in the desorpiion Drecess.

Procecure for aererrinirg cesoroticn efficiency, S$1lzce
gel eruirvalent te rhe grot=t in tHe firsr sectis- cf
the sa—pling rube (130 rg) is measured irte & 2 O-rl
sa~plé cortainer. This silica gel must be tne same

o
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t.pe as that veed 11 gbrziring the szmoles and can

be obtainec Iror unused salica gel tubes. A known amount
pf tne anegl* te 15 1wjected cirectly irto the silacz gel
with &2 13-_1 s'ringe, and the corteiner 15 caponec The
amoumt irfectec s egueiveler:t to tnat present in z 3
liter samnle 2t tre selectes level.

At least si rtubes at each of tnree levels (0.5Y, Ik, and

2¥ tne stanczrel} ere prenarez -r this menner z2qd allowed

to stand for 2zt least overalght to assure coTplete aasorp-

tion of rthe zralv+te pnto the s:lice gel. These siv tubes

are referred to zs the semnles. A nmaszaiiel bBlar: tube

suould Te -regted in the sare mznner excest tret ro sample
Kl

b=
.
18 anced o it Tme samnle ans olank Sunes are cescoried
ard anslveed ir e actly the seré —antier 85 the sarplirg
tube descrined in Secticy 8.4

er—ined

Tne welght o7 analyte found sr cach tuce is det
eyntrcn efficiency

from the s=zrZarz curse (Sectais— 8%, Descwn
is deterrirez v the folloving equation:

DLF = dverzge Welgnt
e Welgnz (~g)

Tha desorotzer efficiency Is dependent on the arcust of
snalyte ccliectec on the silica gel. Plpt the vescrptieon
efficlenc. rgrsas tne weight of analvte feuns  This
curve 18 used 1n Sectien 10.4 tc correct fer acserptigs
lesses,

~gim_ of elugmt. 4 sev_gs & BT -

the ra~gé cf LrieTrest, Le IreniTed VI @TAL S£2 Lvger The Tl LD
TRTTOTLOTS AN CUTATE L'E EETC L1TE PEYLO. LE TTE LT T oEznT_sg

J-r es sve estatlistes T ~LoIiing civcemuratiits ot o mpftl ersuax

veak £resd

Yete fta=zarc solesiems sroois bte zmalviec &L tne sane tive Lhas

tre sa~:le spalnsis is cone This will ina-.ze the effect "aizeticns

¢f ¥ID resoonse.

-
.

ZoTYESTSOUILITE LC 22l fe
Tal =t s
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10.2

18.3

10.4

10.6

standard curve, ¥o volume corrections are needed, because
the standard curve is based on mg/ml eluent &néd the volume of
sample injected 1s identical to the volume of the standards
infacred,

Corrections for the blank must be made for each sample,
mg = wg sample — mg blank

where:®

ng sample = mg found in front section of sample tube

mg blank = mpg found in iro%t section of blank tube

A similar preocecure 1s followed fror the backup sectiouns.

Add the weights present 4n the front anc backup sections of the
sane samnle tube reo deternine the totzgl weight 1n tne sa=ple

Read the desorption efficlency from the curve (Secstion B.5.2)
for the ampunt &f analvte found in the front section. Davide
the total weipht by this desorption efficiency to obtain the
corrected mg/sauple.

Total Ueipht
D.E.

Corrected mg/sample =

The concentratien of amalyte in the air sarpled cza be expressed
in 7g per cu w, which is numerilcally equal to pg wer liter of
air

Corrected rpg (Secrion 10.4) < 1000 (later/cu m)
Air Valume Sempled (iiver)

mglou ™ =

anotner rethed of erpressing concentration is pEn

3

a i) -
por = ngley m x 20t ;gu 14213

MW 298
where
P = pressure (mm Hg) of air sampled
T = tempergture [C) cf zir sampled

24.45 = molar volume (liter/mole) at 25 € and 760 me Hp
MW = oelecular werght (gfmole) of anzlyrte
760 = standard pressure (mm Hg)
298 = crandard temperature (1)
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