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I SUMMARY

In December 1S€2, the National Institute for Occupational Safety and Health (NIOSH)
received a request from employees at Raygo-Wagner, Portland, Oregon, to determine if
exposure to paint solvents was the cause of seizures experienced by three painters.

Between December 30, 1982, and June 15, 1983, a NIOSH medical officer administered a
standardized questionnaire to 12 of the 14 current or former painters. NIOSH was
unable to locate the other two painters. A follow-up environmental/medical survey
occurred on August 18-1S, 1963. Environmental air samples and personal breathing
zone samples of two painters were collected during the spray painting operation., In
addition, the purchase orders of paints, thinner, and paint remover were reviewed.
NIOSH also interviewed a neurologist and a neuropsychologist who had seen four of
the painters.

Due to changes in the composition and type of paints and solvents, the methods of
paint preparation, and the use of personal protective equipment by the painters, it
was not possible to predict/determine painters' exposures to solvents that occurred
in the 1870's. These changes would have had the effect of reducing the painters'
exposures to the solvent vapors. Air sampling under 1683 conditions showed one
painter's solvent exposure was 1.1 times the E-hour time weighted average criteria
and 4.4 times the short-term criteria.

Nine of twelve (75%) interviewed painters reported trouble with memory or thinking
ability. In addition, these painters reported a variety of other symptoms similar
to those described in workers with solvent-associated chronic toxic encephalopathy.

Review of the guestionnaires and medical records revealed five painters with
significant neurological or neuropsychological problems. Of these five painters a
detailed medical history, neurological examination, and neuropsychological testing
was available for four. The medical history and the results of testing were
compatible with the presence of chronic toxic encephalopathy in two painters and
possibly a third., A fourth painter had abnornalities in neuropsychologic tests,

but his history of encephalitis and seizures, which can produce the abnormalitities
seen, confounds the interpretation of the abnormalities. Finally, two painters
developed complex partial seizures during employment at Raygo-Wagner, but NIOSH was
unable to determine whether these were related to chemical exposures at Raygo-liagner.

On the basis of the data collected from this evaluation, NICSH has determined
that the painters were exposed to paint and solvent vapors that could be the
cause of 1) chronic toxic encephalopathy in two and possibly a third painter, and
2) subjectively reported decrements in memory in nine of twelve painters
interviewed. This is based on the 1imited environmental sampling that indicates
the environmental criteria could have been exceeded and the medical information
acquired through personnel interviews, questionnaires and medical records. Since
the plant has ceased production, there are no recommendations offered in this
report.

KEYWORDS: SIC 3531 (Construction, Mining, and Materials Hancling Machinery and
Equipment) Paint Solvents, Clycol Ethers, Painting, Seizures, Neurological Symptoms,
Chronic Toxic Encephalopathy.
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Number of Employees

In February 1983 there were 95 employees, including three painters. During
the period of peak employment, there were 350 employees and up to nine
painters.

B.

Materials Used

1. The composition of the products used by painters at R-W is given in
Table 1. Use of some of these products, as determined from purchase
orders, is shown in Table 2 (Dates are based on the month in which R-W
received the product).

2. The paint thinner (products C and D) used from 1961 to 1975 was not
available after July, 1975. At that time, Raygo-Wagner began using a
similar paint thinner produced by a local firm (Product J).

3. Prior to 1980, the primer paint and top coat paint were lead based
paints. The yellow top coat paint used on over 98% of the equipment was
a2 lead chromate paint. Since 1980 the paints have heen lead free.

4, 1In 1978 and/or 1979 the reqular paint used on one unit did not cure
properly and had to be removed using a paint remover (Product B). The
paint remover contained methylene chloride. Some small parts were
stripped inside the booth. The larger pieces were stripped outside of
the building.

5. The paints used since 1969 were heated just prior to entering the
spray qun tn permit the application of thicker paint with a lower solvent
content.

Paint Preparation

Prior to painting the metal had to be clean. Until 1978 the metal parts
were sanded and hand wiped with solvent wetted rags prior to painting.

In mid-1978 a shot blast facility was installed. 1In April, 1981, an
internal plant memo indicated that selected parts, i.e., hyvdraulic
cylinder heads, were still being hand wiped with solvent-soaked rags.
After final assembly the units were steam cleaned; any rust spots sanded;
occasionally 0il and grease residues wiped off with paint thinner; and
the top coat applied.

Personal Protective Equipment

From 1961 to 1979 half-face cartridge type respirators for use with
organic vapors and paint mist were used during spray painting. A cotton
respirator sock was usually placed over the edge of the respirator face
piece. The use of these socks will prevent a good seal between the
respirator and the face. Before 1978 respirators were sometimes not worn
when hand wiping the parts with solvent. After 1978 their use was
mandatory. The use of respirators approved for dust was optional during
sanding operations.









EVALUATION CRITERIA

A. Environmental Criteria

As a guide to the evaluation of the hazards posed by workplace exposures,
NIOSH field staff employ environmental evaluation criteria for assessment of
a number of chemical and physical agents. These criteria are intended to
suggest levels of exposure to which most workers may be exposed up to 10
hours per day, 40 hours per week for a working lifetime without experiencing
adverse health effects. It is, however, important to note that not all
workers will be protected from adverse health effects if their exposures are
maintained below these levels. A small percentage may experience adverse
health effects because of individual susceptibility, a pre-existing medical
condition, and/or a hypersensitivity (allergy).

In addition, some hazardous substances may act in comhination with other
workplace exposures, the general environment, or with medications or personal
habits of the worker to produce health effects even if the occupation
exposures are controlled at the level set by the evaluation criteria. Also,
some substances are absorbed by direct contact with the skin and mucous
membranes, and thus potentially increase the overall exposure. Finally,
evaluation criteria may change over the years as new information on the toxic
effects of an agent becomes available.

The primary sources of environmental evaluation criteria for the workplace
are: 1) NIOSH Criteria Documents and recommendations, ?) the American
Conference of Governmental Industrial Hygienists' (ACGIH) Threshold Limit
Values (TLV's), 3) the U.S. Department of Labor (0SHA) occupational health
standards, and 4) the Oregon State Standards. Often, the NIOSH
recommendations and ACGIH TLV's are lower than the corresponding OSHA
standards. Both NIOSH recommendations and ACGIH TLV's usually are based on
more recent information than are the OSHA standards. The OSHA standards also
mav be required to take into account the feasibility of controlling exposures
in various industries where the agents are used; the NIOSH-recommended
standards, by contrast, are based primarily on concerns relating to the
prevention of occupational disease. In evaluating the exposure levels and
the recommendations for reducing these levels found in this report, it should
be noted that industry is legally required to meet only those levels
specified by an OSHA or state standard.

A time-weighted average (TWA) exposure refers to the average airborne
concentration of a substance during a normal 8- to 10-hour workday. Some
substances have recommended short-term exposure 1imits or ceiling values
which are intended to supplement the TWA where there are recognized toxic
effects from high short-teym exposures,
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NTOSH Oregon
and/or ACGIH State
Recommended or (DSHA)
Criteria Standard Health
Substance 10 Hr TWA 8 Hr TWA Effects
Aliphatic 75 ppm 200 ppm dizziness, drowsiness,
naphtha headache, irritation of eyes,
nose, throat, dry skin
2-butoxy-* 25 ppm 50 ppm irritation of eyes, nose, &
ethanol (ACGIH) throat, skin ahsorption,
(skin) hemolytic anemia
N-butyl 50 ppm 100 ppm irritation of eyes, nnse &
alcohol ceiling throat, drowsiness, blurred
(skin) { ACGIH) vision, dry skin, corneal
inflammation
2-ethoxyethy1* 50 ppm 100 ppm eye and nose irritation
acetate (ACGIH)
(skin)
Isopropy! 400 ppm 400 ppm skin irritation, headache
alcohol fatiague, conjunctivitis
Toluene 100 ppm 100 ppm headache, dizziness, fatique
{skin) weakness, dermatitis
Xylene 100 ppm 100 ppm headache, dizziness, nausea
irritation of eyes, nose &
throat, dermatitis
NOTE: When there are two or more suhstances present that have similar health effects,

their exposure levels are combined and an equivalent permissihle exposure level

determined for each exposure,

*See last paragraph of the toxicity section which follows.

B. Igifcitv

Aromatic Hydrocarbon Solvents
Acute Toxicity

The acute toxicity of aromatic hydrocarbon snlvents (e.qg., toluene, xvlene) is
well known. At Tow exposures, symptoms may include headache, lassitude, nausea,
and irritation of eves and mucous membranes. As concentration increases,
impairment of coordination, momentary loss of memory, and anorexia result. At
even higher concentrations palpitation, extreme weakness, pronounced loss of
coordination and impairment of reaction occur. This may he followed hv narcasis
and coma. In addition, ahnormalities in renal and liver function may he seen
(8-11),
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Permissible Exposure Limits (PEL's) led to increased incidences of embryonic
death, teratogenesis, or growth retardation. Exposure of male animals resul ted
in testicular atrophy and sterility. In each case the animals had been exposed
to ?ME or 2EE at concentrations at or below their respective Occupational Safety
and Health Administration (0OSHA) Permissible Exposure Limits (PEL's). Concern
also extends to structurally related glycol ethers, such as 2-butoxyethanol and
2-ethoxyethanol, that have not been tested adequately to assess fully their
potential for causing reproductive effects. Preliminary test results of some
structurally related glycol ethers indicate that they also have the potential
for causing adverse reproductive effects similar to 2ME and 2EE (49),

RESULTS

A. Environmental

The composition of the solvents used by painters at R-W is given in Table 1.

Use of these solvents and paints, as determined from purchase orders, is shown
in Figure 1 and Tahle 2 (Dates are hased on the month in which R-W received the
product). The results of the air samples conducted during the spray painting of
the enamel top coat on a 1ng handling unit are shown in Table 3. There were
seven solvents that were present in sufficient amounts to quantify. They were
aliphatic naphtha, 2 butoxyethanol, N-butyl alcohol, 2-ethoxyethyl acetate,
isopropyl alcohol, toluene and xylene.

There were two painters who conducted the spray painting during the sampling
period. First they sprav painted the front portion of the unit since only part
of the unit could fit into the spray hooth at a given time. This took 55
minutes. This portion had heen prepared (sanded and masked) the previous day.
The unit was then turned around, the remaining portion was sanded by the
painters, residual oil and grease were removed, and the rear portion was

masked. These steps took 240 minutes. The rear portion was then painted, which
took 95 minutes. During 20 minutes of the 95 minute period, the area under the
unit which surrounded the drive train, was painted and a simultaneous sample was
collected to obtain the peak exposure., The painters wore supplied air
respirators while painting and sanding; consequently, the samples represent an
exposure that would have occurred if respirators were not worn or if the
cartridges in a cartridge type respirator were spent or used,

The following table gives the ratio of the measured exposure to the standard or
criteria used. Each solvent is compared to its individual allowable exposure
criteria. However, when there are two or more substances present that have
similar health effects, their exposure levels are combined and an equivalent
permissible exposure level determined for each sample. Their combined potential
exposure is compared to both the recommended evaluation criteria available and
the current Oregon State Standards.
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390 Minute TWA Exposure VERSUS

Recommended TWA Oregon State

Evaluation Criteria TWA Standard
Painter A 0,60 0.35
Painter B 1.09 0.60

1.0= equivalent permissible TWA exposure level determined for each sample.

20 minute exposure while painting area under unit by the drive train VERSUS

Recommended Short-Term Oregon State
Evaluation Criteria Long Term Standards
Painter A 3.0 1.5
Painter B 4.4 Ced

1.0= equivalent permissible short term exposure level determined for each sample.

The time weighted average for painter A was 0.6 (60%) of the criteria while
painter B was 1.09 (109%) of the criteria. This difference shows the

variability of exposure that the painter can receive. The 20 minute exposure
while painting the underside of the unit, were 3.0 and 4.4 times the short term

exposure criterion which is 1.5 times the 8 hours TWA.

These 1imited data suggest that exposure to solvent vapors during spray painting

had a large variability; they could have exceeded the TWA criteria; and high

peak exposures could have occured when painting in semi-confined areas, It is
anticipated that exposure while hand wiping parts with solvent soaked rags would
have been at least as high as when spray painting. If the painters did not wear

respirators or rubber gloves when conducting this job, the health effects
included headache, nausea, tiredness, eye, nose and throat irritation, would
have been 1ikely to occur.

B. Medical

Review of the company personnel records, NIOSH questionnaires and personal

interviews with the painters revealed the following: 13 men and possibly a 14th

man had worked at R-W as painters or painter's helpers between 1965 and 1983.

At the time of the hazard evaluation only three of these were current employees

of R-W. Two of the three still worked as painters. The third worked in the

sandblasting area. Of the twelve painters interviewed, the mean time spent at

R-W as painter or painter helper was 78 months (range 17-204 months). The

current mean age of the painters is 37 years (range 29-51 years). The responses

of the painters on the neurological history portion of the questionnaire are

summarized in Table 4. The most frequently reported symptom was trouble with

memory or thinking ability (75%).
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Review of the questionnaires and medical records turned up five painters with
significant neurological or neuropsychological problems:

Case #1

This former painter was a full-time painter at R-W in late 1978 when he noted
the onset of memory problems and was told by another worker that he was "acting
strange." He reported periods of being "spaced out" and fading off" lasting
5-10 minutes which occurred over the course of several years, apparently
beginning in either late 1978 or 1979. These epidsodes were generally preceeded
by an aura and have been diagnosed by three neurologists as representing complex
partial seizures. In addition to these complex partial seizures, he reported
two grand mal seizures, one in January 1979 (while blowing on a fire he was
trying to start) and one in November 1981. Following the first grand mal
seizure, he had an EEG and CT scan in January 1979, which were reported as
normal, and was started on antiseizure medication. None of these sejzures had
been observed by a physician. He has been treated for these seizures (with
apparently poor to fair response) with several drugs and has reported some
improvement in his symptoms. He had two neuropsychological evaluations in 1982,
initially reported as abnormal. However, a review of the 1982
neuropsychological tests showed that these tests may have been improperly
interpreted. An EEG, done in August, 1982, was reported as abnormal and
suggestive of a temporal structural lesion. A CT scan in November 1982 was
reported as normal. This painter had a history of a head injury at age seven
with possible 1oss of consciousness, and several other head injuries prior to
work at R-W but no history of seizures prior to 1978.

Case #2

This former painter had a history of seizures (complex partial) starting in
early 1981, At the time he was a full-time painter at Raygo-Wagner. None of
his seizures have been observed by a physician, and several physicians have
stated that his problems were not epileptic but rather functional.
Nevertheless, he was treated with antiepileptic medication. Following

sel f-termination of his medication on two separate occassions, he reported
having seizures. He has been evaluated by three neurologists. Two of them have
felt that the patient had historical evidence for a seizure disorder best
characterized as complex partial. The third felt that he had a "history of
syncopal episodes and possible seizure states that are best typified as complex
partial" but "unexplained as to etiology." He had two awake and asleep EEGs in
1981: one, performed in May, was reported as abnormal; and one, performed in
July, was reported as normal. He had a CT scan in July 1981 reported as
normal. He had neuropsychological testing in 1983, reported as abnormal.

Case #3

This current employee but former painter had a history of poor memory, change in
personality, and feelings of unreality. The worker stated that he felt he had
had the problems with concentration and memory for several years prior to an
examination in 1983 (onset approximately late 1960's or early 1970's). Neither
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neurologist that has seen him feels that his history is consistent with a
seizure disorder. He has a history of significant hypertension, probably
essential, first diagnosed, according to available records, in 1981, which has
heen poorly controlled. He also has a past history of heavy alcohol intake of
more than 4 beers per day. An EEG, dynamic and static brain scans, and an
echoen- cephalogram, all performed in May 1981, were reported as normal. He
had neuropsychological evaluations in August 1982 and October 1983, bhoth
reported as abnormal.

Case #4

This former painter was hospitalized on several occassions in 1981 with grandmal
seizures. Multiple diagnostic studies were conducted including CT scan, EEG,
CSF analysis, and a left hemispheric brain biopsy. Nevertheless, the etiology
of his seizures could not be confirmed. The diagnosis made was probable
encephalitis. At the time of onset of his seizures, he was working at R-W as a
mechanic and had not worked for R-W as a painter for approximately one year.
However, he may have worked as a substitute painter intermittently during 1980.
Both the neurologist and neuropsychologist who saw him felt that the course and
nature of his neurological problems was fundamentally different than the cases
described above and was probably not related to solvent exposure at R-W.

Case #5

This former worker had an EEG in the summer of 1981, reported as abnormal.
NIOSH has been unable to contact this worker. Thus, there is no medical and
only limited work history available.

Other Painters

In addition to these cases, there were reports of four painters. passing out on
the job from solvent fume exposure, (workers #2, 5, 13, 14 - See Figure 2),
necessitating visits to local emergency rooms.

The other eight painters who completed interviews reported no seizures. Except
for EEGs, which several painters had in 1981, no neurological or
neuropsychological testing has been done on any of these eight men. Two workers
(#6, 8) reported having EEGs in 1981, but reports were not available for NIOSH
review,

DISCUSSION

The preparation and painting processes at R-W changed significantly over time.
In addition, there had been marked improvements in the personal protective
equipment used by the painters. These included the introduction of supplied air
respirators in 1979 and regular use of these respirators beginning in 1981,
which reduced the inhalation exposures of painters to solvents and paints, and
the installation in 1978-1979 and full use in 1981 of the shot blast facility,
which reduced the amount of hand wiping and thus the solvent exposure associated
with hand wiping. Thus, it is not possible to determine full exposure levels
that may have been routinely encountered in the past. However, the following
body of evidence persuasively argues that exposures in the past to solvents were
considerably higher than recent exposures:
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XI DISTRIBUTION AND AVAILABILITY OF REPORT

Copies 1of this report are currently available upon request from NIOSH, Division
of Standards Development and Technology Transfer, 4676 Columbia Parkway,
Cincinnati, Ohio 45226. After 90 days, the report will be available through
the National Technical Information Service (NTIS), 5285 Port Royal, Springfield,
Virginia 22161. Information regarding its availability through NTIS can be
obtained from the NIOSH Publications Office at the Cincinnati address. Copies
of this report have been sent to:

1. Raygo Wagner, Minneapolis, Minnesota.
2. Sign Painters, Paint Makers, and Allied Trades, Seattle, Washington.
3. Oregon State Accident Prevention Division, Salem, Oregon.

4. U. S. Department of Labor, Occupational Safety and Health Agency (OSHA),
Region X, Seattle, washington.

For the purpose of informing affected employees, copies of this report shall be posted
by the employer in a prominent place accessible to the employees for a period of 30
calendar days.



TABLE 1

Products used by painters at Raygo-Wagner 1977-1981.
Composition based on MSDS data supplied by manufacturer.

RAYGO-WAGNER
PORTLAND, OREGON

HETA 83-113
Product A (Lacquer Thinner #2): %
Paraffins (including naphthenes) 25
Aromatics (not benzene) 26
Oxygenated Solvents 49
Product B (Painter Remover)
Methylene Chloride 76
Methanol 10
Toluene 3
Product C (Solvent)
Isoparaffins 18
Naphthenes 9
Toluene 73
Product D (Solvent)
Paraffins (including naphthenes) 22
Toluene 49
Ethyl Benzene 6
Xylene 23
Product E (Xylene)
Paraffins (including naphthenes) 2
Benezene 1
Toluene 2
Ethyl Benzene 21
Xylene 74
Product F  (Thinner #200)
Paraffins (including naphthenes) 93
Benzene 1
Toluene 6

MSDA not available for: Product G (Stoddard Solvent), Product H (#325
Solvent), and Product I (Lacquer Thinner #3).



Table 2

Products received 1977 through 1981 by
R-W but not depicted in figure 1.

RAYGO-WAGNER
PORTLAND, OREGON
HETA 83-113
Product Date of Receipt Quantity (gallons)
B 9/77 10
3/80 5
2/81 5
9/81 5
F 6/79 55
G 2/77 55
5/77 55
7/77 165

1/77 76



TABLE 3
BREATHING ZONE AIR CONCENTRATIONS FOR
PAINT SOLVENTS
AUGUST 1983

RAYGO-WAGNER
PORTLAND, OREGON

HETA B3-113
Sample  Sample Z2-Butoxy- Z-Ethoxyethy!  N-butyl Isopropyl Aliphatic
Sample time volume Toluene Xylene ethanol acetate alcohol alcohol naphtha
Job Number (min.) liters ppm ppm ppm ppm pom ppm ppm
Painter A
Paint front end 1 143 72.43 10 2 5 <1 3 5 18
Sand and mask 3 240 Feud 6 0.2 <1 <1 <1 <1 ?
back end
Paint back and 5 95 3.9? 30 4 10 ! 13 20 55
underside
Paint underside 7 20 3.h5 R0 8 18 4 32 a7 176
only
Painter B
Paint front end 2 55 ?2.55 27 4 o 1 9 14 50
Sand and mask 4 2R? 12.4 2 0.2 <1 <1 <1 <1 <1
back end
Paint back & 6 95 5.02 49 f 15 3 27 38 128
underside
Paint underside 8 20 3.64 81 13 27 i 55 78 235
only
TWA - Painter A 1,3,5 390 18.6 13 1 3 <1 4 5 17
TWA - Painter B 2,4.6 402 20.0 17 2 5 1 8 1y 37

Limits of detection - toluene - 0.01 mg; xylene - 0.01 mg; 2-butoxyethanol - 0.05 mg; 2-ethoxyethyl acetate - (.01 mg;
N-butyl alcohol - 0.01 mg; isopropyl alcohol - 0.01 mg; alaphatic naphtha - 0.1 mqg.



Table 4.

Frequency of neurological symptoms with four or more
positive responses as reported during questionnaire
survey of current (N=2) and former (N=10) painters.

RAYGO-WAGNER
PORTLAND, OREGON

HETA 83-113
Symptom Number reporting symptom
Trouble with memory or thinking ability 9
Drowsiness/sleepiness during day 7
Change in hearing 6
Ringing in ears 5
Nausea 5
Loss of balance or staggering 5
Dizziness 5
Nervousness 5
Sleep disturbance 5

Fainting/Black-out

Numbness/tingling in hands or feet

L =

Incoordination

Frequent headaches 4
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