
INDUSTRYWIDE STUDIES REPORT OF
INDEPTH SURVEY

OF

NALCO CHEMICAL COMPANY
Garyville, Louisiana

PROJECT NUMBER: P:84:30

SURVEY CONDUCTED BY:
Bruce Hills

Alice Greife

DATE OF SURVEY:
April 23-25, 1984

REPORT WRITTEN BY:
Bruce Hills

DATE OF RE PORT:
June 12, 1985

REPORT NUl1BER:
145.13 b

Industrial Hygiene Section
Industrywide Studies Branch

Division of Surveillance, Hazard Evaluations and Field Studies
National Institute for Occupational Safety and Health

Centers for Disease Control
Cincinna"ti, Ohio

L



DISCLAIMER

Mention of company or product name in this report does not constitute
endorsement by the National Institute for Occupational Safety and Health
(NIOSH) •
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ABSTRACT

An in-depth survey was conducted at Nalco Chemical Company, Garyville,
Louisiana on April 23-25, 1984. A portion of this plant produces acrylamide
and polyacrylamide. Acrylamide is manufactured by the hydration of
acrylonitrile to yield a 50% acrylamide solution which is then polymerized
to produce polyacrylamide products. Industrial hygiene monitoring for
acrylamide was conducted in production areas and on potentially exposed
workers. Nineteen personal eight hour time-weighted-average exposures to
airborne acrylamide ranged from 0.003 to 0.012 mg/m3 with an arithmetic
mean of 0.005 mg/m3 •

This work was performed by NIOSH researchers under an interagency agreement
with the o.s. Environmental Protection Agency. The interagency agreement
was initiated after the EPA received a notice, from several acrylamide
manufacturers, under Section 8(e) of the Toxic Substance Control Act
indicating that preliminary results from a two-year chronic
toxicity-oncogenicity study on acrylamide were positive. The EPA requested
occupational exposure data from NIOSH in order to develop risk assessment
data.
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INTRODUCTION

The National Institute for Occupational Safety and Health (NIOSH), under
Public Law 91-596, Section 20(a)7, has the responsibility to conduct and
pUblish industrywide studies of the effects of chronic low level exposure to
industry materials, processes, and stresses on the potential for illness,
disease, or loss of functional capacity in the aging adult. Given this
responsibility, NIOSH researchers have undertaken a study to assess
acrylamide exposure in the work place based on the following background
information on acrylamide.

Since commercial production of acrylamide began in 1954, there have been at
least 48 reported cases of acrylamide poisoning in workers. All of these
cases have involved occupational dermal or inhalation exposure to acrylamide
monomer from either acrylamide and polyacrylamide manufacture or acrylamide
monomer grouting (1-9). Acrylamide exposure can occur by ingestion,
inhalation of vapors or aerosols, and dermal exposure. Since acrylamide is
very soluble in water and is often used in a solution form, there is the
likelihood of skin contact. In the above cases of acrylamide poisoning,
dermal absorption appears to be the major route of exposure. The initial
symptoms of skin exposure experienced by exposed workers are numbness,
tingling, and coldness in the hands and feet followed by excessive sweating
and erythema. Later, muscular weakness, peripheral neuropathy, absent deep
tendon reflexes, severe atoxia, weight loss, fatigue, sleepiness, and
lethargy are common symptoms (10,11) •.

Similar symptoms, effecting the nervous system, have been reported in
animals dosed with acrylamide by all routes of administration - ingestion,
inhalation, injection, skin contact or contact with the eye (12). Based on
these animal studies, exposure limits for airborne concentrations of
acrylamide have been developed in which nearly all workers may be repeatedly
exposed day after day without adverse effects.

The reco~~ended levels or applicable standards used in this report as
related to acrylamide are (1) NIOSH recommended levels, (2) Federal
Occupational Standards as promulgated and enforced by the Occupational
Safety and Health Administration (OSHA), U.S. Department of Labor (29 CFR
1910, 1000) Permissible Exposure timits (PEL) and, (3) American Conference
of Government Industrial Hygienists (ACGIH) Threshold Limit Values (TLVs)
and Short Term Exposure Limits (STELS). (10,12,13).

Listed below are the recommended levels or applicable standards for
acrylamide.

NIOSH OSHA* ACGIH ACGIH
RECOM~ffiNDED ~WL ~L T~ TLV-STEL

0.3 mg!m3 0.3 mg!m3 0.3 mg!m3 0.6 mg!m3
(10 hr TWA) (8 hr TWA) (8 hr TwA) (15 min TWA)

* Acrylamide has been given a nSkin Notation W because of its ability to
penetrate cutaneous tissue including mucous membranes and eyes.
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The OSHA standard corresponds to an approximated dose of 0.04 mg/kg/day of
acrylamide in a 70 kg worker who is breathing 10 m3 of air in 8 hours. It
should be noted that the standards are based solely on acrylamide's
neurotoxic properties and do not take into account possible carcinogenic
effects.

Until recently, no completed studies existed· that have evaluated the
carcinogenicity of acrylamide in laboratory animals. In July, 1983, the
Environmental Protection Agency (EPA) received a notice from several
acrylamide manufacturers, under Section 8(e) of the Toxic Substance Control
Act indicating that preliminary results from a two-year chronic toxicity and
oncogenicity study on acrylamiae were positive. The histopathologic data
showed a statistically significant increase of neoplasms in exposed female
rats at the 2.0 mg/kg/day dose level via drinking water for the following
sites: central nervous system (brain and spinal cord), mammary gland,
clitoral gland, uterous, oral cavity, pituitary gland, and thyroid gland.

Because of the concern about acrylamide's carcinogenic effect on laboratory
animals, NIOSH researchers developed this study to: (1) Gather information
on the extent of worker's exposure to acrylamide by requesting air
monitoring data from acrylamide manufacturing companies, and by conducting
indepth industrial hygiene surveys at facil~ties that produce or utilize
acrylamide. (A minimal amount of pUblished information is available
regarding the concentrations of acrylamide to which workers are exposed. In
1976 NIOSH obtained liJ.llited air sampling d~ta from one acrylamide
manufacturing plant (10). The data, reported as eight-hour.time-weighted
averages (TWA), showed area airborne concentrations of acrylamide to range
from 0.1 to 3.6 mg/m3.) and (2) to provide current estimates on the number
of workers exposed to acrylamide to aid in a risk assessment study to be
performed by the United States Environmental Protection Agency, Office of
Pesticides and Toxic Substances.

In addition, this project will determine the feasibility of conducting an
epidemiological stUdy to assess the carcinogenic potential of acrylamide.

DESCRIPTION OF THE FACILITY

The Nalco Chemical plant in Louisiana lies in St. John the Baptist Parish
and is located about 2 miles northwest of the village of Garyville. The
site is in a rural area and borders the Mississippi River. The plant was
constructed in 1974, the same year that acrylamide production began.
Besides manufacturing acrylamide and polyacrylamide, a wide .range of other
chemicals which are used in water treatment are produced at this facility.
All bUildings and storage tanks are located on approximately 250 acres. The
monomer and polymer production is ~ontained within one building separated by
a wall. No other production activities are conducted in this building.
Occasionally small amounts of acrylamide are used in another building to
manufacture terpolymers.
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DESCRIPTION OF PROCESS

Acrylamide is produced within a closed reactor system by the catalytic
hydration of acrylonitrile. A water solution containing 30 to 40%
acrylonitrile by weight reacts on a metal catalyst at an elevated
temperature and pressure. The solution of acrylamide is stripped of
acrylonitrile and this is recycled to the reactor. The final product
contains approximately 50% acrylamide with less than 100 ppm acrylonitrile.
All acrylamide remains in solution; no acrylamide powder is manufactured at
this facility. The production process typically begins on Monday mornings
and ends on Friday evenings. This procedure is repeated throughout the
year. Approximately 98% of the monomer is used to produce various
polyacrylamides and copolymers at the Garyville plant and at Nalco's Chicago
facility. The remaining 2% of monomer solutions is sold to chemical
manufacturers for other process reactions.

The polymers are used in two broadly characterized types of applications in
many industries. The first broad application is as a coagulant, flocculant,
de-watering aid, thickening aid, retention aid, and dust binder. The major
areas for this application are potable water and wastewater treatment
processes for municipal, steel industry, refining, pulp and paper
manufacture, automotive and other industries, enhanced oil recovery, mining
and mineral processing, agriculture, paints and coatings.

The second brDad area of application is as-a dispensing agent, scale
inhibitor and anti-foulant. The major applications involved are boiler and
cooling water treatment for industrial facilities.

Liquid acrylamide is transported within the plant via pipe. The loading af
trucks or rail cars is solely for ahipping outside the facility. The bulk
of the monomer is stored in tanks on the north side of the plant. Air is
continuously bubbled through the tanks to prevent polymerization.

DESCRIPTION OF WORKFORCE

Currently, there are 90 production employee~ throughout the plant with 26 of
these employees involved in either acrylamide or polyacrylamide production.
In addition, there are approximately 14 maintenance employees, which inclUde
electricians, millwrights, pipe fitters and welders to service the
acrylamide equipment on an as needed bases. The maintenance workers are not
Nalco Chemical employees but are contracted by a company called Southern
Maintenance Incorporated.

The workforce appears to be very stable with a yearly turnover rate of less
than 5 percent. There are no labor unions at this plant. In 10 years of
operation, the company estimates that between 50-80 employees have worked in
either the acrylamide or polyacrylamide areas. Production is continuous
over 3 shifts starting at 8:00 a.m., 4:00 p.m., and-12:00 a.m. Employees
have 30 minutes for lunch.

Employees have job titles and a description of duties, however, all
employees may, at times, fill in or perform other'duties on a temporary
basis. This is especially true in the acrylamide building. Workers may
rotate jobs or work in both the monomer and polymer areas. A total of 40
employees work in these areas, approximately 9 per shift. The f~llawing
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list is a general description of the number of employees, job titles and
duties in the monomer and polymer building:

2 Process Operator - spends on an average 6 hours per shift in the control
room. Starts up the process, monitors the reaction, shuts down the
process. Also backs up the utility operator.

2· Utility Operator - collects production samples for analytical testing,
occasionally may unload raw materials from rail cars or trucks. Does
drumming of the final polymer products into 55 gallon and some 5 gallon
drums.

1 Groups Leader - supervises the processes in both departments.

2 Loaders - fills tank cars or trucks with the liquid polyacrylamide and
sometimes with acrylamide. They are also assigned to other parts of the
plant when needed.

2 Engineers - supervise the processes in respective departments.

2 Chemists - conduct research and development on the monomer and polymer
products.

2 Laboratory Technicians - performs analysis of the liquid production
samples collected by the utility operators. Technicians and chemists
remain in the laboratory which is not connected to the process building.-

0-8 Maintenance - welding, electrical work, pipe fitting, equipment repair,
and housecleaning accomplished mainly by washing the equipment with
water.

DESGRIPTION OF PAST EXPOSURES

The company has performed acrylamide air sampling since 1980 at the
Garyville facility. A summary of the results are listed below.

4



ACRYLAMIDE AIR SAMPLING DATA - NALCO GARYVILLE
BREATHING ZONE SMIPLES - JULY 1, 1982 TO PRESENT

TOTAL
NO. OF DURATION HIGHEST AVERAGE

JOB GROUPS SAMPLES (MIN. ) (mg/M3) (mg/H3)

Maintenance 7 2864 0.13 0.076

Production Operators 30 12484 0.23 0.095

Q.C. Technician 4 1712 0.056 0.052

Utility & Loading Operators 13 5442 0.094 0.060
54 22502 0.081

Median Result 0.061

This table was reproduced from information provided by Nalco Chemical
Company.

DESCRIPTION OF MEDICAL, INDUSTRIAL
HYGIENE, AND SAFETY PROGRAMS

Nalco Chemical has a medical director but no company physician permanently
assigned to the Garyville plant. Under th~ direction of the corporate
medical director a local physician is contacted to .provide medical services,
both for emergencies and regular physical examinations. The plant does have
a first aid room and all supervisors are trained in first aid, CPR, and fire
fighting. All employees are given a preemployment physical which'include:
EKG, chest x-rays, pulmonary function test, audiometric test, visual test,
occult-stool test, prostrate check, blood and urine test: There is also a
yearly nerve conduction velocity test given to all employees in the
acrylamide areas. These tests are performed by a university based
neurologist. In addition, every 6 months all employees undergo a test Which
determines the degree of Vibratory sensation in the fingers. There is
also a weekly check for skin peeling in the hands. Since 1974, there has
been only one case of skin peeling on the hands Which may be attributable to
an acrylamide exposure.

All production employees are provided and required to wear safety glasses,
hard hat, goggles on the hard hat, rubber so~e work boots, and at all times
carry an air purifying cartridge respirator. Quantitative fit testing is
performed on these respirators. Also provided, and required according t.o
activity, are neoprene gloves and cloth coveralls. A full body protective
suit with a supplied air respirator are issued to employees for maintenance,
repair activities or reactor cleaning. If gloves become contaminated at any
time, the employee is instructed to dispose of the gloves. Coveralls and
gloves are provided whenever needed. The plant has a locker room with
showers. Time is provided at the end of each shift for showers and change
of clothes. The company has a policy that all production employees have no
facial hair that will reduce the effectiveness of respirators.

- 5 -



safety meetings are held at a m~n~mum of once a month. In these meetings
there is a review of all toxic materials used in the plant and the proper
handling of these chemicals. The company reports that there has been no
lost work days due to accidents in 2 1/2 years. At the Garyville plant
there is a full-time industrial hygienist and a safety specialist assigned.
In addition, the corporation has 6 industrial hygienists and 6 safety
specialists at other locations who are periodically available to the
Garyville facility.

PERSONNEL RECORD SYSTEM

Personnel records of present employees and those terminated within 2 years
are kept on-site. Earlier employee's records are kept at the corporate
office in Oak Brook, Illinois. These records contain name, Social Security
Account number, date of birth, address, job title, starting and termination
dates of employment. A record of work histories is not kept. The current
personnel form has been used since April 1977.

POTENTIAL EXPOSURES AND CONTROLS USED

The starting material in the manufacture of acrylamide is acrylonitrile. In
1978, OSHA enacted regulations to reduce worker exposure to acrylonitrile
based on a suspected cancer hazard, by establishing a standard of 2 ppm
(4.5 mg/m3 ) as a time-weighted average. This standard requires personal
protective equipment, -training, medical surveillance, signs and labeling,
and engineering controls. Nalco has installed a Bendix-C~ continuous
acrylonitrile monitoring system with 20 sample points in the acrylamide
production building. Any release of acrylonitrile may indicate an
acrylamide release, thus efforts to control acrylonitrile exposure also
reduce a worker's potential exposure to acrylamide. The company has also
installed local exhaust hoods at the collection sites for grab samples.

DESCRIPTION OF SAMPLING METHOD

This survey was designed to obtain typical environmental exposure data at
this facility. Personal air monitoring samples were collected to assess
employee's exposure to airborne acrylamide. Area samples were collected as
an indication of air concentrations in various rooms in the production
building, and outdoors to measure ambient air concentrations. A few wipe
samples were collected as an indication of general housecleaning and the
potential for dermal exposure in workers.

General area samples and personal breathing zone samples were collected
using SKC Universal ModelRc 224-03 sampling pumps calibrated at a flow rate
of 1 liter per minute. The collection media consisted of a mixed cellulose
ester filter for aerosol collection followed by a silica gel tube to trap
acrylamide vapors. The filters are 37 mm MilliporeR type AA with a pore
size of 0.8 microns, placed in a cassette filter holder. The silica gel
tubes are SKCR No. 226-10. The filter cassette and tube were clipped to
the front collar of the worker in order to sample air in the breathing
zone. A flexible plastic tutiing connects the collection media with the
battery powered pump which is attached to the worker's belt.
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All samples were analyzed by high performance liquid chromatography (HPLC)
using a modified method developed by the American cyanamid Company (14).
This method was validated over the range of 0.03-0.6 mg acrylamide/m3
air. The modification to this method was that instead of sending the
cassette to the laboratory after sampling, the filter and backup pad were
removed from the cassette and placed in a glass vial with 5 ml of water then
sealed and shaken. The sample vials and silica tubes were shipped to Utah
Biological Testing Labs (UBTL) for analysis.

Sampling was conducted on two consecutive days, April 24 and 25. Everyone
who worked in either the monomer or polymer production areas volunteered to
wear the sampling equipment. Other employees who participated, but spent
little or no time in these areas, included a laboratory technician and a
process engineer. Nineteen employees chose to participate with 7 of these
employees also volunteering on the second day. In nearly every case a
single full period, or shift sample was collected for approximately 8 hours.

The wipe samples were collected from the inside surface of a respirator and
from two hard hats used in the monomer production area. Additional wipe
samples were collected from table tops in the cafeteria, monomer and polymer
control rooms, and on a locker door in the mens locker room. To collect the
sample, a mixed cellulose ester filter was dampened with water and gently
used to wipe a surface area of approximately 10 cm2 • The filter was then
placed in a glass vial with 5 mI. of distilled water. These samples were
analyzed by the same method as the air samples.

DISCUSSION OF Sk~PLING AND ANALYSIS

Acrylamide air concentration data are listed in Tables I through 4.
Tables 1 and 2 lists exposure data according to job title or location,
sample number, sampling time, date, amount of sample collected, the actual
calculated air concentration, and the air concentration adjusted to an 8
hour time weighted average (TWA). When calculating the personal 8 hour TI~A

from samples collected for less than 8 hours, no exposure was assumed to
have occurred for the time not sampled. In all cases the employee left the
work site at the end of the sampling period.

Table 3 summarizes the personal exposures by job category. Acrylamide
exposures for all groups were low, ranging from 0.003 to 0.014 mg/m 3,
actual air concentrations, with an arithmetic mean of 0.006 mg/m 3; The 8
hour TwA exposures ranged from 0.003 to 0.012 mg/m3 with a mean of
0.005 mg/m3• The two maintenance employees, who each spent 215 minutes in
the monomer area had exposures to acrylamide air concentrations of 0.011 and
0.014 mg/m3• One polymer process operator, who worked 517 minutes was
exposed to acrylamide air levels of 0.012 mg/m3 • Exposure levels for the
remainder of employees were below 0.010 mg/m3 8-hour TWA with no elevated
levels in anyone job category.

The eighteen acrylamide area samples ranged from 0.004 to 0.009 mg/m 3 with
a mean of 0.006 mg/m3 (Table 4). Production areas ranged from 0.005 to
0.009 mg/m3 • The control rooms ranged from 0.006 to 0.007 mg/m3 • Lunch
room and locker room were each 0.005 mg/m3• Outdoor monitoring was
performed north, south, east, and west of the acrylamide monomer-polymer
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production building. The acrylamide air concentrations from these samples
ranged from 0.004 to 0.007 mg/m3 with little difference between locations
or the day of sampling.

The limit of detection (LOD) on the sample analyses was 0.6 ug/sample for
the filters, and 0.6 ug/sample for the silica gel tubes. The overall LOD
(0.6 ug/sample) for the sampling train was obtained by taking the sum of
one-half of the LCD for the filters and tubes.

It was discovered during the analysis of the samples that 7 of the 9 filter
blanks had registered an acrylamide level greater than the limit of
detection (0.6 ug/sample). The source of this problem was identified as the
5% methanol used "in the mobile phase of the HPLC. The methanol caused a
small peak in the same region as acrylamide. The interference was
eliminated when 100% water was used in place of 5% methanol in water for the
mobile phase. The mean value for all the blanks is 1.76 ug/sample. linen
calculated for an 8-hour TwA, this gives a value of 0.0037 mg/m3 • It is
possible that air monitoring values below 0.004 mg/m3 may be due to this
interference rather than actual air concentrations of acrylamide. This is
supported by the fact that ambient air data up wind of production, storage,
and loading facilities had readings of 0.004 and 0.005 mg/m3 • The sample
results reported in the tables are not corrected for the blanks.

Table 5 lists the locations where wipe samples were collected. Levels
detected range from 3.6 to 5.5 ug per sample. Be~ause of the interference
in the analytical method, there" is little confidence in the accuracy of the
air "and wipe samples, except to say that the· levels in all instances were
below·O.Ol mg/m3 for the air samples and barely detectable for the wipe
samples.

CONCLUSIONS

At this facility all acrylonitrile and acrylamide is produced, transported
by pipe, and stored in closed systems. Potential acrylamide exposure may
occur from leaks in defective valves, during the collection and analysis of
bulk samples for quality control, during the loading of trucks and rail
cars, and from contact with polymers that contain a monomer residue.
Exposure may occur from dermal contact or by inhalation of dust, mist, or
vapors. Although dry acrylamide is not manUfactured, spilled acrylamide
solution will evaporate leaving a powder if not cleaned up. From
observations during the walkthrough survey the plant has good housekeeping.
Dried acrylamide powder was not apparent on equipment or floors. The
company stated that no major acrylamide spills have occurred which would
elevate acrylamide air concentrations.

Unfortunately, the problem with the reagent in the analytical method was not
discovered before this survey began. The problem did not appear in sample
analyses from the surveys before or after this survey. Although there was
interference in this analysis, the method was still capable of detecting
airborne acrylamide levels at or below 1/10 the OSHA standard. Exposures to
airborne acrylamide at this facility are very low, slightly above the limit
of detection for the analytical method.
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RECOMMENDATIONS

Appendix 1 is a copy of Section 1-8 of the NIOSH criteria for a Recommended
standard, Occupational Exposure to Acrylamide (10). The sections listed
describe procedures on:

1. Environmental (workplace air)
2. Medical
3. Labeling and Posting
4. Personal Protective Equipment
5. Informing Employees of Hazards from Acrylamide
6. Work Practices
7. Sanitation
8. Monitoring and Recordkeeping Requirements.

Based on observations during the walk-through survey (March 15, 1984) and
from this survey, which inclUdes air and surface monitoring for acrylamide,
it appears that the company is following the recommendations listed in
Sections 1-8.

During this survey, 40 employees, which inclUde maintenance employees,
worked in the acrylamide areas. Since 1974, as many as, 80 employees have
worked in the acrylamide and polyacrylamide production areas. This cohort
is too small to conduct an epidemiological stUdy at this facility, but may
possibly be included in a larger industry-wide stUdy.
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TABLE 1 Ccon ttHued)
PERSONAL AIR MONITORING DATA

Nalco Chemical Company
Garyville Plont

Ap~il 24-25, 1984

JOB TITLE SAMPLE NO.

Polymer Process
Engineer FlO/TlO

Maintenance
Welder-Pipefitter Fli/TII

Haintenance
Welder-Pipefitter F12/F12

Monomer Process
Operator F2l/T21

TIME
MINUT1~S

503

215

215

.491

DATE
APR;I.L

24

24

24

25

ug/sample

1.5

3.1

2.3

2.6

ACTUAL AIR
'CONC mg/m3

0.003'

0.014

0.011

0.005

ADJUSTED*
8-hr TWA

IUg/tII3

0.003

0.006

0.005

0.005

Monomer Assistant
Process operator

Honomer & Polymer
Utility Operator

Polymer Process
Operator

Senior Laboratory
Technician

Loading Operator

Loading.Operator

F22/T22

F23/T23

F24/T24

F25/T25

F26/T26

F27/T27

335

493

465

469

491

496

25

25

25

25

25

25

2.2

2.1

2.0

<1.7

2.0

2.1

0.007

0.004

0.004

< 0.004

0.0011

0.004

0.004

0.004

0.004

< 0.004

0.004

0.0011

C'-l
.-t

* A method of calculating average daily exposure by weighting the concentration of acrylaluide
Cug/sample) by 8 hours:assuming no exposure during the unsBmpled portion of the work shift.

Limit of Detection: 1.76 ug/sample or 0.004 rng/m3 of air for 8-hr. TWA.



TABLE 2
AREA AIR MONITORING DATA

Nalco Chemical Company
Garyville Plant

April 24-25, 1984

TIME DATE ACTUAL AIR
LOCATION SAMPLE NO. MINUTES APRIL ug/sample CONC mg/m3

Monomer Building
on Catwalk F13/T13 428 24 2.6 0.006

Monomer Building
Control Room F14/T14 436 24 3.2 0.007

Outdoors North
End of Plant FlS/TlS 421 24 2.2 0.005

Outdoors South
End of Plant E'l6/Tl6 425 24 2.1 0.005

Outdoors East
End of Plant E'l7/T17 407 24 2.9 0.007

Outdoors West
End of Plant F20/T20 405 24 1.9 0.005

Polymer Building on
Stairs Between First
& Second Floors F18/T18 407 24 2.9 0.007

Polymer Building
Control Room F19/T19 433 24 2.6 0.006

Polymer Building
Control Room F31/T31 485 Z5 3.1 0.006

Outdoors North
End of Plant F32/T32 459 25 1.8 0.004
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TABLE 2 (continued)
AREA AIR MONITORING DATA

Nalco Chemical Company
Garyville Plant

April 24-25, 1984

TIME DATE ACTUAL AIR
LOCJl..TION SAMPLE NO. MINUTES APRIL ug/sample CONC mg/m3

Outdoors west
End of Plant F34/T34 469 25 2.2 0.005

Outdoors South
End of Plant F35/T35 458 25 1.7 0.004

Outdoors East
End of Plant F28/T28 481 25 2.0 0.004

Monomer Building
on Catwalk F33/T33 482 25 • 4.2 0.009

Monomer Building
Control Room F30/T30 483 25 3.4 0.007

po~ymer Building on
Stairs Between First
and Second Floor F29/T29 481 25 3.2 0.007

Locker Room F38/T38 435 25 2.0 0.005

Cafeteria F39/T39 434 25 2.0 0.005

Ambient Sampling Conditions, April 24, 1984, 11:00 a.m.
26oC, 28% R.H., Wind from the SWat 8 mph.

April 25, 1984, 2:30 p.m.
27oc, 44% R.H., Wind from the SWat 15 mph.

Wind speed at the area sampling pump, located outdoors, ranged from 1-9 mph.

Limit of Detection: 1.76 ug/sample or 0.004 mg/m3 of air for a 8-hr. TWA.
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0.005 1.470

TABLE 3
SUMMARIZED PERSONAL AIR MONITORING DATA

MONOMER AND POLYMER PRODUCTION
NALCO CHEMICAL COMPANY

GARYVILLE PLANT
APRIL 24-25, 1984

ACTUAL CONC. I
mg/m3 I 8 hour-TWA

JOB TITLE NO. SAMPLED RANGE MEAN SD I RANGE MEAN
J

Operators 9 < 0.003-0.012 0.006 0.003 1<0.003-0.012 0.006
I

Utility Operators 2 0.004 0.004 I 0.004 0.004
I

Lab Technicians 2 < 0.003-0.004 0.004 1<0.003-0.004 0'.004
I

Material Handlers 4 < 0.003-0.005 0.004 0.001 1<0.003-0.005 0.004
I

Naintenance 2 0.011-0.014 0.013 I 0.005-0.006 0.006
I
J

Total 19 < 0.003-0.014 0.006' 0.003 1<0.003-0.012 0.005

Limit of Detection: 0.004 mg/m3 of air for a 8-hr. TWA.

SD

0.003

0.001

0.002

GM GSD

In
.-l



TABLg II

SUMMAHIZED AREA AIR ~1ONITOHING DATA
MONOMEH AND POLYMER PRODUCTION

NALCO CIIEI1ICAL COMPANY
GARYVILLE PLANT

APRIL 24-25, 1984

LOCATION NO. SAMPLED RANGE mg/m3 MEAN S.D. GM GSD

Control Room 4 0.006-0.007 0.007 0.001

Production Areas 4 0.005-0.009 0.007 0.002

Lunch Room 1 0.005

Locker Room 1 0.005

Outdoors 8 < 0.004-0.007 0.005 0.001

Total 18 < 0.004-0.009 0.006 0.001 0.006 1.180
'".-I

Limit of Detection: 0.004 mg/m3 of air for a 8-hr. TWA.



Location

Cafeteria Table

Mens Locker Room Outside
Surface of Locker

Desk Top Monomer
Control Room

Desk Top Polymer
Control Room

Inside Respiration
Face Piece

Outside of Hard Hat

Inside of Hard Hat
on the Head Band

TABLE 5
ACRYLAMIDE WIPE SA-~PLE DATA

NALCO CHEMICAL COMPANY
GARYVILLE PLANT

APRIL 24-25, 1984

SAMPLE NUMBER

W-l

W-2

W-3

W-4

W-5

W-6

W-7

ug per SA.'1PLE

4.4

3.9

4.0

3.6

4.5

4.4

5.5

Limit of Detection: 1.76 ug/sample.
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A Recommended Standard for Occupational Exposure to.....

Acrylamide

A. complete criteria document. for occupa­
tional exposure to monomeric acrylamide has
been prepared by the National Institute for Oc­
cupational Safety and Healrh (NIOSH). NIOSH
recommends adherence to the present Federal
standard of 0.3 mg/cu m as a time-weighted
average concentration for up to a lO-hour work­
day, 4O-hour workweek.

The major application for monomeric
acrylamide is in the production of polymers as
polyacrylamides. Polyacrylamides are used for
soil stabilization, gel chromatography,
electrophoresis, papermaking strengtheners,
clarification and t~eatment of potable water, and
foods. Approxi~ate!y 70 million pounds of
acrylamide were produced in 1974 in the United
States. NIOSH esrimatesth:at approximately
20,000 workers in the United States are poten­
tia.lly e:rposed to acrylamide. As applicable under
tne Occupational Safety and Health Act, the pro­
posed standard would apply co the processing,
manufacture, use, or other occupational exposure
to acrylamide.

Toxic manifestations of exposure to
acrylamide involve both localized and systemic
effects. Localized effects include peeling and red­
ness of the skin of the hands and less often of the
feet, numbness of the lower limbs, and excessive
sweating of the feet and hands. The systemic
effects due to actylamide intoxication involve
central and peripheral nervous system damage
manifested primarily as ataxia, weak or absent
reflexes, positive Romberg's sign and loss of
vibration and position senses.

Since skin contact with the substance may

result in localized or systemic effectS, NIOSH
recommends that medical surveillance be made
available co all employees working in an ar~

where acrylamide is stored, produced, processed,
or otherwise used, except as an 'unintentional
contaminant in other marerials at a concentration
of less than 1 percent by weight. Engineering
controls should be used wherever feasible to
maintain airborne acrylamide concentrations
~low the prescribed limit, and respirators should
be used only in nonroutine or ;:-•.;rg~ncy situa­
tions which may result in e:rposure concentra­
tions in excess of the TWA environmental limit.
Personal protective clothing is recommended for
all workers occupationally exposed to acrylamide
co further reduce the likelihood of skin Contact
with' the substance.

The recommended standard is part of a CO:1­

tinuing series of criteria documents developed by
NIOSH in accordance with the Occupational
Safety and Health Act of 1970. The document
was transmitted to the Department of Labor Oc­
tober 21,1976, for review and consideration in
the standard setting process. Tne criteria docu­
ment was reviewed by eight consultants, tWO
professional societies, and Government agencies
having interest and responsibility for occupa­
tional safety and health. The proposed standard is
considered appropriate, and·no additional infor­
macion that would affect the recommended stan­
dard is available.

The following is the first chapter of the cri­
teria document. It contains the NIOSH recom­
mendations for controlling workers exposure to
Acrylamide.

u. S. DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE
Public Health S~rvice
Center for Disease Control
National Institute for Occ=upatiooal Safety and Health
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I. RECOMMENDATIONS FOR AN ACRYLAMIDE STANDARD

The National Institute for Occupational Safety
.and Health (NIOSH) recommends that
employee exposure to acrylamide in the
workplace be controlled by adherence to the
following sections. The standard is designed to
protect the health and safety of employees for up
to a lO-hour work shift, 20-hour workweek, over
a 'working lifetime. Compliance with all sections
of the standard should prevent adverse effects of
acrylamide on the health and- safety of
employees. Sufficient technology exists to permit
compliance with the recommended standard.
Although the workplace environmental limit is
considered to be a safe level based on current in­
formation, it should be regarded as the upper
boundary of exposure and every effort should be
made to maintain the -exposure at levels as low as
is technically feasible. The criteria and Standard
will be subject to review and revision as necess­
ary.

Synonyms for acrylamide include pro-
. penamide, acrylic amide. and akrylamid. The
terms "acrylamide" or "acrylamide monomer"
are used in this document interchangeably. "Ac­
tion level" is defined as a time-weighted average
(T'WA) concentration of one-half the environ­
menul limit. "Occupational exposure to
acryiamide," because of systemic effecrs and der­
ma! irritarion produced by contact of acrylamide
with the skin, is defined as work in an area where
acrylamide is stored, produced, processed, or
otherwise used, except as 3.."1 unintentional con­
taminant in other marerials at a concentration of
less than 1% by weight. If an employee is occupa­
tionally exposed to airborne concentrations of
acrylamide in excess of the acrion level, then all
sections of the recommended standard shall be
complied with; rf the employee is occupationally
exposed at or below the action level. then all sec­
tions of the recommended standard shall be com­
pli~ with except Section 8.

Se.ction 1 - Environmental <workplace Air)

(a) Concentration
The employer shall comrol workplace con­

centrations of acrylamide so that no employee is
exposed at a concentration greater than 0.3
miUigram per cubic meter of air determined as a
TWA concentration for up to a lO-hour work
shift, 4Q-hour workweek.

(b) Sampling and Analysis
Procedures for the colle<..:tion and analysis of

environmental samples shall be as provided in
Appendixes I and II, o~ by any method shown to

be at least equivalent in accuracy, precision, and
sensitivity to the methods specified.

Section 2 - Medical

Medical surveillance shall be made available to
all persons subject to occupational exposure to
acrylamide as described below.

(a) Preplacement medical examinations shall
include:

(1) Comprehensive medical and work
histories with special emphasis to such areas as
weight loss and neurologic disturbances.

(2) Complete physical examination giving
particular attention to the skin, eyes, and nervous
system.

(3) Judgment of tlle ~·orker's ability to use
positive-or negative-pressure respirators.

(b) Periodic examinations shall be made availa­
ble on an annual basis, or as otherwise determined
by the responsible physician. These examinations
shall include at least:

(1) Interim medical and workhiscC";es'­
(2) Weekly examination by tralned person­

nel of the fingertips of hands and other portions
of the body exposed to acrylamide for evidence of
skin peeling. .

(3) Physical. examination as outlined in
paragraph (a) (2) of this section.

(c) In an emergency involving exposure to
acrylamide, all affected personnel shall be pro­
vided immediate first-aid assistance and prompt
medical attention, especially with respect to the
skin and eyes. Medical attendants shall be in­
formed of the need of observation and followup
for any delayed neurologic effects.

(d) In the event of skin comact with
acrylamide, grossly contaminated clothing and
shoes shall be removed. Any exposed body area
shall be immediately and tho;ouzhly ';ashed

. with soap and water. In the case of eve contact
with acrylamide, eyes shall be fl~hed with
copious amounts of water and a physician shall be
consulted prompcly.

(e) Pertinent medical records shall be main­
tained by the employer for all employees occupa­
tionally exposed to acrylamide. Such records shall
be. retained for 20 years after termination of
employment. These records shall be made availa­
ble to the designated medical representatives of
the SecretarY of Labor. of the Secretarv of Health

. Education. ~nd Welfare. of the empl~yer, and of
the employee or former employee.

- 19 -



Section 3 - Labe!ing a.nd Posting

All. labels .and w~rning signs shall be primed
both In Engll.Sh and In the predominant language
of non- English-reading employees. All
employees shalLbe trained orally and informed of
the hazardous areas, with specific instruCtions

. $iven to illiterate employees and employees read­
109 only languages other than chat used on labels
and posted signs.

(a) Labeling
Containers of acrylamide shaH carry in a

re2dily visible location a label stating:

ACRYtAMlDE

(PROPENAMIDE)

IRRITATING TO SKIN AND EYES

REPEATED SKIN CONTACT,
INHALATION, OR SWALLOWING MAY

CAUSE NERVE DAMAGE

Avo.id contact with skin, eyes, and clothing.
Avoid prolonged or repeared breathing ofdust,

mist, or vapor.
Wash thoroughly after handling.
Use with adequate ventilation.

Keep away from heat.

Fkst Aid:ln case of skin or eye contaet, flush
with plenty of water; call a physician.

(b) Posting
Areas where acrylamide is present shall be

posted with a sign reading:

ACRYLAMIDE

IRRITATING TO SKIN AND EYES

REPEATED SKIN CONTACT
INHALAnON, OR SWALLOWING MAY

.CAUSE NERVB DAMAGE

Avoid contaa with skin, eyes, and clothing.
Avoid prolonged or repeated brearhing of dust,

mist, or vapor.
Do not emer areas where used, unless adequately

ventilated.

Se'Ction 4 - Personal Protective Equipment

(a) ProteCtive Clothing
(1) Appropriate proteCtive clothing, in-

_eluding gloves, aprons, long-sleeved overalls,
footwear, and face shields (8-inch minimum),
shall be worn where needed co limit skin contact
with acrylamid~. ~mpervious clothing may be
ne~ded in speclalized operations. Appropriate
eye prOteCtion (chemical safety goggles or face
shields and safety glasses with sid.e shieids) shan
be !,or~ ic:- any operation in which acrylamide
(soltd, liqUid, or spray) may come in contaCt with
eyes.

(2) The employer shall provide the emplovee
with the appropriate equipment specified' in
paragraph (20)(1) of this seCtion. .

(b) Respirarory Protection

(1) Engineering conrrols shall be used if
ne~ded co keep aery!amide concentrations at or
below the .TWA ~nvironmenta1limit. Respirato­
ry prOteCtIve eqUIpment may be used:

(A) During the time necessary to in­
stan or test the required engineering controls.

(B) During eme~gencies or during the
performance -:J:' nr>nroutine maintenance or
repair aCti~ities. which may cause e~posures at
concentratiOns 10 e~cess of the TWA environ­
mental limit.

(2) When a respirato~ is'permitted by
paragraph (b)(1) of chis secrion, it shall be
se1:aed and used pursuant to che following re­
qUIrements:

(A) The employer shall establish and
enforce a respiratory proteCtive program meering
the requirements of 29 CFR 1910.134-

(B) The employer shall provide
respirarors in accordance with Table I-I and shall
e~sure that the emp{oyee uses the respirator pro­
vlded when necessary. The respiratOry prOtective
devices provided in conformance with Table I-I
shall compty with the standards joindy appwved.
by NIOSH and the Mining Enforcement and
Ssf.ety l'"drninistncioo {formerlvBureau of
Mines) as specified under the pr~visions of 30
CFR 11.

(C) RespiratOrs specified fot use in
~ighet concentrations of acrylamide may be used
In atmospheres of lower concentrations.

. (D) The employer shall ensure that
respitators ate adequately cleaned and main­
tained, and that employees are instrucred in the
proper use and testing for leakage of respirators
assigned to them.

(E) Respirators shall be easil y accessi­
bIe, and employees shall be informed of their
location.

(F) In case of an accidem which could
result in employee exposure to aerylamide in ex­
cess of the environmental limir, rhe employer
shaH provide respiratory proreCtion as listed in
Table I-I.
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TABLE I-I

RESPIRATOR SELECTION GUIDE

Concentration

less than or equal to 1
ppm (3 mg/cu· m)

Less than or equal to 5
ppm (15 mgfcu m)

Less than or equal to 100
ppm (300 mg/cu m)

Greater than 100 ppm
(300 mg/cu m)

Emergency_ .entry (into
an area of unknown
concentration) .

Escape (from an area of
unknown can centra-
cwo)

Respirator Type

Supplied-air respirator, demand (negative pres­
sure) mode, with half-m~k facepiece

(1) Supplied-air respirator, demand mode, with full
facepiece

(2) Self-contained breathing apparatus, demand
mode, with full facepiece

(1) Supplied-air respirator, continuous-flow type or
pressure-demand (positive pressure) mode, with
half-mask or full facepiece

(2) Supplied-air respirator, continuous-flow type,
with hood, helmet, or suit

(1) Self-contained breathing apparatus with full
facepiece operated in pressure-demand or other
positive-pressw:e mode

(2) Combination Type t supplied-air respirator with
full facepiece operated in pressure-demand mode,
with an auxiliary self-concalDe.: au supply

(1) Self-contained breathing apparatus with full
facepiece operated in pressure-demand or other
positive-pressure mode

(2) Combination Type C supplied-air respirator with
full facepiece operated in pressure-demand mode,
with an auxiliary self-contained air supply

(1) Gas mask, full facepiece, equipped with a com­
bination organic v~or canister and a Jy~-~W­
dency filter

(2) Self-contained breathing apparatus operared in
either demand or pressure-demand mode

Se1:tion 5 - Informing Employees of Hazards
from Acrylamide

(a) The employer shall ensure that each
employee occupationally exposed co acrylamide
is informed at the beginning of employment or
on assignment to an acrylamide area of the
hazards, relevant symptoms such as skin peeling,
numbness ("pins and needles" in fingers), sleepi o

ness, loss of weight, and weakness, appropriate
emergency procedures, and proper conditions
and precautions for the safe use of acrylamide.

People engoaged in maintenance and repair shall
be included in these training programs. The
employee shall be reinformed at le~ once aye-d.
Each employee shall be advised of the availability
ofsuch relevant information kept on file,)ndud­
ing the material safety dara shee~.

(b) Required information shaH be recorded on
.the"Marerial Safe~y Data. Sheet" shown in Ap­
pendix III, or on a similar form approved by the
Occupational Safety and Health Adm!nistrarioo,
U.S. Department of Labor.
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Section 6 - WorK Practices

(a) Engineering Controls
(1) Ventilation systems if used shall be

designed co prevent the accumulation or recir­
culation ofaerylamide in the workplace, to main­
tain acrylamide concentrations at or below the
recommended environmental limit, and to effec­
tively remove acrylamide from the breathing
zones of employees. Ventilation systems shall be
subject to regular preventive maintenance and
cleaning to ensure effectiveness, which shall be
verified by periodic performance measurements.

(2) A partially enclosed, ventilated, and
automated system should be used to empty and
transfer bags of solid acrylamide into a bin, so
that dust are effectively removed. The bag should
be CUt open automatically and any dust should be
removed by local exhaust ventilation.

(3) Concrete floors in operations areas shall
be sealed in a manner that minimizes permeation
of aerylamide into the concrete.

(b) Storage, Handling, and General Work Prac­
tices .

(l) Containers of acrylamide shall be kept
tigh~ly dosed when not in use. Only properly in~

formed, trained, and equipped personnel shall be
invoived in storing, loading and unloading, or
processing acrylamide.

(2) lI.crylamide contact with skin and eyes
of workers shall be prevented. Equipment, walls,
and floors should be kept dean to limit worker
exposure. _.

(3) Prior to maintenance work, sources of
acrylamide and its vapor shall be eliminated to
the extent feasible. If concentrations at or below
the recommended workplace environmental
limit cannot be ensured, respiratory protective
equipment as specified in Table 1-1 shall be used
during such maintenance work.

(4) Employees whose skin becomes can­
-wnirr-:rre-d with acrylamidestmllimmediarely
wash or shower to remove all traces of acrylamide
from the skin. Clothing COntaminated with
acrylamide shaH be disposed.of or cleaned before
reuse.

(5) Any spills shall be either wet vacuumed
or mopped up immediately and etth:r deco?­
taminated or disposed of approprIarely In
covered diums as contaminated waste; the spill
arez shall be decontaminated by washing.

(c) Waste Disposal
Solid acrylamide waste shall be disposed of

either by burial in an environmentally acceptable
manner or by burning in an approved manner.
Liquid acrylamide waste shall be drained to a
sump for subsequent tre:ument.

(d) Confined Spaces
(1) Confined spaces which previously con­

tained acrylamide shill be thoroughly aerated, as

well as inspected and tested for oxygen deficien­
cy, acrylamide, and ocher known COntaminant
exposure concentrations prior to encry.

(2) Individuals entering confined spaces
where they may be exposed to acrylamide shall
wear respirators as outlined in Section 4.

(3) Confined spaces shall bevencilated
while work is in progress to keep the concentra­
tion of aerylamide at or below the workplace en­
vironmental limit.

(4) When a person enters a confined space,
another properly protected worker shall be on
standby· outside.

(e) Emergency Procedures
For all-work areas where there is a reasonable

potential fot accidents involving acrylamide, the
employer shall take all necessary sreps to ensure
that employees are instructed in and follow the
procedures specified below and any others ap­
propriate for a specific operation or process.

(1) Procedures shall include prearranged
plans for obtaining emergency medical care and
for the necessary transportation of injured
workers. Employees shall also be trained in ad­
ministering immediate first aid and shall be pre­
pared to render such assistance when necessary.

(2) Approved eye, skin, and respiratory
proteCtion as specified in Section 4 shall be used
by persons involved in the cleaning procedure of
the accid-:n-. sire.

(3) All persons who may be required to shut
off sources of acrylamide, clean up spills, and
repair leaks shall be properly trained in emergen­
cy ptocedures and shall be adequately protected
against attendant hazards from exposure to
aerylamide.

(4) Employees not essential to clean-up
operations shall be evacuated from exposure areas
during emergencies. Perimeters of hazardous ex­
posure areas shall be delineated, posted, and
secured.

(5) Eyewash fountains and showers shaH be
orovided in accordance with 29 CFR 191O.15l..
Section 7.-;, Sanitation

(a) Food preparation, dispensing (induding
vending machines), "and eating ~ha.ll be
prohibited in work areas where acrylamlde IS pre­
sent.

(b) Employees who handle any form of
acrylamide shaH be instructed to wash their
hands thoroughly with soap or mild detergent
and water before eating, smoking, or using toilet
facilities.

(c) All COntaminated gloves shall be washed
before removal.

Section 8 -Monitoring and Recordkee~ing
Requirements
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Within 6 months of the promulgation of a
standard based on these recommendations, each
employer who has a place of employment in
which acrylamide is present shall determine by
an industrial hygiene survey if exposures to air­
borne acrylamide at concentrations above the ac­
tion level occur. Records of these surveys, includ­
ing the basis for concluding that air levels are at
or below the aCtion level, shall be maintained.
Surveys shall be repeated annually and within 30
days of any process change likely to result in an
increase of airborne acrylamide concentrations. If
it has been decided that the acrylamide environ­
mental concentrations may exceed the aCtion
level, then the following requirements apply:

(a) Personal MOnItoring
(1) A program of personal monitoring shall

be· instituted to identify and measure, or permit
calculation of, the exposure of, all employees oc­
cupationally exposed to airborne acrylamide.

(2) In all personal monitoring, samples
representative of the exposure to airborne
acrylamide in the breathing zone of the employee
shall be collected.

_ (3) For each TWA determination, a suffi­
cient number of samples shall be taken to charac­
terize-the employee exposure:> during each work
shift. Variations in work and production
schedules as well as employee locations and job
functions shall be considered in deciding sam­
pling times, locations, and frequencies.

(4) Each operation in each work area shall
be sampled at least once every 3 months at as
otherwise indicated by a professional industrial
hygienist.

(5) Iian employee is found to be exposed to

acrylamide in excesS of the recommended TWA
environmental limit, the exposure of that
employee shall be measured at least once a week,
contro measures shall be initiated, and the
employee shall be notified of the exposure and of
the control measures being implemented. Such
monitoring shall continue until twO consecutive
determinations, at least 1 week apart, indicate
that the employee's exposure no longer exceeds
the recommended environmental limit; routine
monitoring may then be resumed.

(b) Recordkeeping
Records of environmental monitoring shall be

kept by the employer for at least 20 years. These
records shall include the dates of measurements,
job function and location of the employees at the
worksite, sampling and analytical methods used,
number, duration, and results of the samples
taken, TWA concentrations estimated from these
samples, type of personal protective equipment
used, and exposed employees' names. All
employees shall have access to information on
their own environmental exposures. Environ­
mental records shall be made available to desig­
nated representatives of the Secretary 'Df Labor,
and of the Secretary of Health, Education, and
Welfare. Pertinent medical records shall be re­
;ained by the employer for 20 years after termina­
tion of employment. Records of environmental
exposures applicable to an employee should be
included in that employee's medical tecords.
These medical records shall be made available to
the designated medical representatives of the
Secretary of Labor, of the Secretary of Health,
Education, and Welfare, of the employer and of
the employee or former employee.
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