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TOXICITY DETERMINATION

It has been determined that employees at Heath Engineering Campany in
Fort Collins, Colorado, were exposed to toxic concentrations of toluene,
cadmium, iron oxide fumes, and combined exposures to isopropanol, methyl
ethyl ketone (MEK), and methyl isobutyl ketone (MIBK). This determination
is based on environmental data collected on May 14 and June 24, 1975, and
January 20, 1976. The medical evaluation conducted on January 20 showed
that employees frequently complained of burning, itching, and tearing of
the eyes. Dry and sore throats were also found among many of the workers;
all of these symptoms are typical of exposures to ketones such as MEK and
MIBK. ATl blood tests were within the normal range. One worker had
dermatitis about the face.

DISTRIBUTION AND AVAILABILITY

Copies of this hazard evaluation determination report are available upon
request from NIOSH, Division of Technical Services, Information Resources
and Dissemination Section, 4676 Columbia Parkway, Cincinnati, Ohio 45226.
Copies have been sent to:

(a) Heath Engineering Campany
(b) U.S. Department of Labor - Region VIII
(c) NIOSH - Region VIII

For the purpose of informing 70 affected employees, copies of the report
shall be provided to these employees or the report shall be posted in a
prominent place accessible to the employees for a period of 30 calendar
days.

INTRODUCT ION

Section 20(a)(6) of the Occupational Safety and Health Act of 1970, 29 U.S.C.
669(a)(6), authorizes the Secretary of Health, Education, and Welfare,
following a written request by any employer or authorized representative of
employees, to determine whether any substance normally found in the place

of gmp1oyment has potentially toxic effects in such concentrations as used

or found.

NIOSH received such a request from plant management at the Heath Engineering
Canpany, Fort Collins, Colorado, to evaluate the potential hazards associ-
ated with spray paint booths, welding operations, and various other
fabrication operations performed during the manufacture of flame cutting
machinery.


http:i:OMPJl.NY

Page 2 - Health Hazard Evaluation Determination Report 75-79

HEALTH HAZARD EVALUATION

A. Plant Process

The Heath Engineering Campany produces flame cutting machines of the
autanatic variety, primarily using optical scanning techniques. The
company fabricates everything fram steel parts to electrical scanning com-
ponents. Various parts of the finished product are spray painted. Welding
and soldering also are performed at this plant. The principal air contami-
nants of concern in this evaluation include welding fumes and contaminants
coming fran the paint booths and painting rooms. Workers exposed during
these operations include welders, flame cutters, spray painters, and
assembly line workers.

B. Emvironmental Design and Methods

A preliminary observational and envirommental study was conducted on May 14,
1975, by a team of two NIOSH industrial hygienists. Breathing zone and
general area samples were obtained in the painting roams on painters and
painter helpers. General room sampies were also collected. These samples
were analyzed for isopropanol, MEK, MIBK, and toluene. The painter's
exposure time varies fran one to eight hours per day. Same days a painter
will work continuously for eight hours, whereas other days he may only
work for one hour or less. Periodic ventilation measurements were taken
on the two paint booths in operation at this time. The face velocity was
never below 200 linear feet per minute. ATl samples were collected using
Sipin pumps (with flow rates of approximately 50 cubic centimeters per
minute) and organic vapor sampling tubes.

The exposures of flame cutters and welders to iron oxide fumes, lead, and
cadmium were also monitored. Sampling times ranged from 51 to 304 minutes.
Samples were collected on AA Tilters using MSA Model G pumps and flow rates
of 1.5 to 2.0 1iters per minute.

The exposure of the metal electroplater to cadmium was also monitored. The
worker performing the electroplating only stayed in the metal electropiating
room for short periods. Sampling times ranged fram 143 to 230 minutes.
General room samples were taken in order to establish what the maximum
exposure would be if a person stayed in the room continuously. The metal
electroplating room has been closed since August 1, 1975. ATl1 samples were
taken on AA Tilters using MSA Model G pumps and flow rates of 1.5 to

2.0 liters per minute.

There was one person operating a cleaning tank containing Stoddard solvent.
A personal sampie and a general room sample were taken using organic vapor
sampling tubes and Sipin pumps with flow rates of approximately 50 cubic
centimeters per minute, with sampling times of 185 and 178 minutes.
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On June 24, 1975, exposures of painters to methanol were monitored.
Samples were taken using a Sipin pump with flow rates of approximately
50 cubic centimeters per minute and silica gel sampling tubes. Sampling
times were 180 and 178 minutes.

On January 20, 1976, a medical evaluation was scheduled; therefore, the
NIOSH industrial hygienist did Timited sampling of painters, welders, and
flame cutters. Welders and flame cutters were monitored for exposures to
iron oxide fumes and lead using methods identical to those used on

May 14, 1975.

Exposures of painters to isopropanol and MEK were monitored using sampling
methods identical to those used on May 14, 1975.

A1l breathing zone and general room samples collected for iron oxide fumes,
lead, and cadmium were collected on AA Tilters and analyzed by atamic
absorption spectroscopy. A1l breathing zone and general room sanples
collected for isopropanol, MEK, MIBK, toluene, and Stoddard solvent were
collected on organic vapor sampling tubes and analyzed by gas chramatography.

C. Medical Design and Methods

A nondirected and directed medical questionnaire was administered by the
NIOSH medical officer to randamnly selected workers. Twenty workers were
selected. Age of the cohort varied from 18 to 62 years, with a mean of

30 years. The blood of 20 workers was examined as follows in an effort

to determine any changes related to the toxic substances.

1. Hematology, white blood cells, red blood cells, hemoglobin,
hematocrit, mean corpuscular volume, mean corpuscular
hemoglobin and mean corpuscular hematocrit, blood cell
differential.

2. Chemistry, blood Tead.

3. Urine--in this study 20 urine specimens were analyzed for
protein, glucose, creatine, total hippuric acid, and cadmium.

The Personnel Department provided the shift schedule and personnel roster
by job description of the production workers and administrative personnel
who work in the production area. Utilizing sectional random sampling
techniques, 20 workers were chosen to include all of the production
procedures.
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The NIOSH medical officer performed a short physical examination,
emnphasizing examination of the skin, auscultation of the Tungs, and
examination of mucous membranes of the eyes, throat, and nose.

Two 10 cc tubes of blood were collected from each worker utilizing oxylated
vacuum tubes. The biood was refrigerated and sent to the National Health
Laboratories, Engiewood, Colorado, to perform the procedures previously
described. No sample controls were used, as the normal range for these
procedures are well known.

Urine specimens were collected. Each worker in the cohort was given a
125 m1 specimen bottle and asked to collect the urine and return it
immediately to the medical officer. This was refrigerated for transporta-
tion to NIOSH laboratories in Cincinnati, Ohio. A1l specimens were
ident if jed by consecutive numbers only. The NIOSH medical officer per-
formed Ames Dipstick Test for urobilinogen. This study was performed in
the field at the time of the urine collection. At the time of the visit,
the cadmium plating process had been discontinued at the Heath Engineering
Company plant; however, due to the delayed reaction potential of cadmium,
urine cadmium levels were performed at the NIOSH T1aboratories.

D. Evaluation Criteria

The three sources of criteria used to assess workroom concentrations of

air contaminants in this evaluation are: (1) The NIOSH criteria Tor
recanmended standards; (2) recommended and proposed threshold Timit values
(TLV's) and their supporting documentation as set forth by the American
Conference of Governmental Industrial Hygienists (ACGIH) (1975); and

(3) Occupational Safety and Health Standards (29 CFR 1910.1000), U.S. Depart-
ment of Labor, as of January 1, 1976.

In the following tabulation of criteria, the most appropriate value 1is
presented with its reference and other information footnoted.

Permissible Exposures
8 -Hour Time-Weighted

Substance Exposure Basis
IMethamol . . . .. .. .. .. ... 200ppn
IIsopropanol . . .. .. .. ... . 400 pm
MEK . . .. . . s e e e e+ .. . 200 ppm
MIBK o 2 v v v e . . e e+ . . . 100 ppm
3Toluene . . . . . . .. .« « « « . 100 ppm
AStoddard Solvent . . . . . . .« . . . 200 ppm
4Tron Oxide Fumes . . . . . . . . . . 5 mg/M3
dead . . . v e e e e e e e .15 mg/M3
fadmium . . . . . a e e e e 0.05 mg/M3 g

ppm = parts per million . .
mg /M3 approx imate milligrams of substance per cubic meter of air
e ceiling concentration and should never be exceeded
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TReference: NIOSH criteria for recommended standards; recommended
and proposed TLV's and their supporting documentation
as set forth by the ACGIH (1975); and Occupational
Safety and Health Standards (29 CFR 1910.1000) as of
January 1, 1976.

2Reference: Recommended and proposed TLY's and their supporting
documentat ion as set forth by the ACGIH (1975);
Occupational Safety and Health Standards
(29 CFR 1910.1000) as of January 1, 1976.

SReference: NIOSH criteria for recommended standards; recommended and
proposed TLY's and their supporting documentation as set
forth by the ACGIH (1975).

fReference: Recommended and proposed TLV's and their supporting
documentation as set forth by the ACGIH (1975).

E. Toxic Effects of Substances

Cadmium

Cadmium is a silver-white, blue-tinged, Tustrous, malleable and very ductile
metal. It volatilizes and burns with a bright flame when heated in air,
producing a brownish-yellow fume. The operations in which cadmium plated

or cadmium containing metal parts are subject to heat treatment, welding

or soldering are dangerous. Some silver solders contain 20% cadmium.

Cadmium fumes have no pronounced odor or immediate irritating effect at
concentrations which are sufficient to cause fatal injuries. Symptamatoiogy
following exposure may include irritation of the throat and Tungs, short-
ness of breath, and chest tightness. Chronic exposure m?y cause proteinuria,
giycosuria, emphysema, and elevated urine cadmium levels.! The present
evidence indicates that serious chronic effects following exposure to cadmivm
can occur.

Iron Oxide

Prolonged excessive exposure to this agent gives rise to "iron pigmentation”
of the Tungs known as "siderosis," which is considered a benign pneumo-
coniosis at the present time in that it does not lead to progressive
pulmonary fibrosis "scarring" or predisposes to lung cancer and tubercuiosis
as do asbestosis and silicosis, respectively. This type of dust or fume

is found in a number of occupations such as welding, iron ore mining,
foundry work, and fettling operations. Regarding the systemic absorption

of iron from iron oxide inhalation, no evidence of systemic disease has

been noted. With regard to local effects, mucous membrane irritation of

the upper respiratory tract and sinuses have been known to occur with
excessive exposure to this agent 2
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Toluene

Toluene is a coloriess, fiammable 1iquid with an odor similar to benzene.
Although toluene resembles benzene in many of its physical and chemical
properties, it does not produce the chronic blood disease characteristic
of benzene absorption. Toluene has a strong narcotic action, and
dermatitis may result fram repeated skin contact. Toluene is used
extensively as a solvent for a wide variety of gum resingaand fats.
It is also used as a diluent in cellulose ester lacquers.

Methyl Ethyl Ketone (MEK)

Methyl Ethyl Ketone is a colorless 1iquid with a characteristic ketonic
odor. This chemical is widely used as a solvent for resins and lacquers.
It can be recognized by its characteristic odor which is similar to
acetone but more irritating. It is this irritant property of the vapor
that Timits the possibility of volunteer exposure to high concentrations.

It may cause drying and irritatapn of the skin as well as irritation
of the eyes and nasal passages.
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Methyl Isobutyl Ketone: (MIBK):

Methyl isobutyl ketone (MIBK) is widely used as a solvent for
lacquers, cellulose, esters, vinyl polymers and copolymers and for natural
and synthetic resins. MIBK does not present a serious inhalation hazard
under normal industrial applications. The vapor can be irritating to
the eyes, nose and throat. Workmen exposed to MIBK often complained of
headache and nausea and with a tolerance developing. Repeated or prolonged
exposure to the skin will cause defatting.”> Exposure to high vapor concen-
tractions require installation of adequate ventilation. Until ventilation
is installed, approved respiratory protection must be used.

Isopropanol:

Isopropanol is an "exempt solvent" under Los Angeles "Rule 66" and
San Francisco "Bay Area Three" air pollution regulations. Extensive use of
it is made in reformulating solvents and thinners to meet these reguiations.
Isopropanol is an ingredient in several approved ethanol-based special
industrial solvents. Isopropanol is an effective germicide. It is used as
a rubbing compound for massage and in lotions, liniments, liquid socaps and
antiseptic solutions.

Isopropanol is not classed as a highly toxic material. It does not penetrate
the skin in harmful amounts nor is it a skin irritant. Contact with the

eyes causes irritation comparable to liquid hand soap. The breathing of high
vapor concentrations should be avoided®

Stoddard Solvent:

Relatively few data are available on industrial exposures to stoddard solvent.
Based on the projected toxicities of its major aliphatic components and the
1limited data on aromatic components present in the amount of 15%., a threshold
1imit for stoddard solvent of 150 or 200 parts per million is recommended to
prevent narcotic and irritant responses. As a first approximation for toxi-
cological purposes, stoddard solvent may be considered to consist of a
mixture of 85% noname and isodecane and about 15% trimethylbenzene. 1IT a

TLV of 35 parts per million is assumed for trimethylbenzene, the stoddard
solvent value would be 131 parts per million. This reasoning is in general
agreement with the statement that heavy benzene is one and one-half times

as toxic as 1ight benzene although the data indicate a twofold ratio of
toxicity or even more if concentration is based on parts per million rather
than milligrams per liter.
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Methyl Alcohol (Methanol)

Based on human experience and animal experimentation, the recommended

max imal atmospheric concentration for eight hours of methanol is 200 parts
of vapor per million parts of air by volume (ppm). Inhalation of very

high concentrations produces central nervous system depression and optical
nerve damage. Recovery is slow and delayed death may occur. These more
serious effects and death following inhalation are reported chiefly in the
older literature., Lower concentrations may cause headache, dizziness,
weakness, or fatigue, gastrointestinal or visual disturbances. Many

deaths or permanent eye damage have been reported from ingestion. An amount
in the neighborhood of three to four ounces may be fatal, and methanol may
be absorbed through the skin. Methanol has wide use as a solvent,
especially 1in the paint and varnish, dye manufacturing, printing, photo-
graphic, and plastic industries. However, odor and irritation occur only at
high concentrations. Methanol 1is slowly eliminated from the body, hence
repeated exposures result in an increase in concentration in the blood and
tissues. Headaches and blurred vision are reportedly frequent symptoms

of exposure. Other manifestations include conjunctivitis, giddiness,
insomnia, and gastric disturbances.8

Lead

NIOSH recammends that occupational exposures to inorganic lead be controlled
so that workers shall not be exposed to a concentration greather than

0.15 milligrams per cubic meter of air determined as a time-weighted
average exposure for an 8-hour workday.2 Lead presents a moderate health
hazard for brief exposure and a high health hazard for prolonged exposure.
Lead dust and the dust and fumes of most insoluble lead compounds are
readily absorbed on inhalation but to a 1esser degree after ingestion.

Lead and its inorganic compounds are usually not absorbed through the skin.
High exposure to Tead may immediately cause loss of appetitie, metallic
taste in the mouth, constipation, anemia, pallor, malaise, weakness,
insomnia, headache, nervous firritability, muscle and joint pains, fine
tremors, encephalopathy, and colic. For the workers who repeatedly are
overexposed and develop Tead colic over many years, there is a tendency
toward the occurrence of weakness of extensor muscle groups. This weakness
may progress to palsy, often observed as a characteristic "wrist drop" or
“foot drop." 10
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F. Envirommental Results and Discussion

The results of envirommental sampling are presented in Tables I through VII.

Concentrations of toluene measured in the painting roams at the Heath
Engineering Company ranged fram 1 to 391 parts per million. Two out of
ten painters' breathing zone samples exceeded the most recent evaluation
criteria (samples 23 and 24 in Table I). These high values were perhaps
due to improper use of spray paint booths, since the face velocity of
these booths exceeded 200 Tinear feet per minute, and other samples taken
in the same area were well below evaluation criteria. Combined exposures
to isopropanol, MEK, and MIBK exceeded the most recent evaluation criteria
(samples 23 and 24 1in Table I). Excessive levels of these chemicals may
produce burning, itching, and tearing of the eyes as well as upper
respiratory firritation, which were found during the medical evaluation.
A1l other environmental samples taken for isopropanol, MEK, and MIBK were
well below the most recent evaluation criteria.

Flame cutters and welders were monitored for iron oxide fumes, lead, and
cadmium (Table II). A1l lead and cadmium samples were below NIOSH
detection Timits with the exception of one cadmium sample which was

0.01 milligrams per cubic meter, which is well below the evaluation
criteria of 0.05 milligrams per cubic meter. Iron oxide fume samples
ranged fram 0.2 milligrams per cubic meter to 13.3 milligrans per cubic
meter with a mean of 4.6 milligrams per cubic meter. Two out of ten
breathing zone samples grossly exceeded the most recent evaluation criteria
of 5.0 milligrams per cubic meter.

Stoddard solvent concentrations were well below the most recent evaluation
criteria (Table III).

Cadmium concentrations in the metal electroplating room ranged from

0.002 to 0.16 milligrams per cubic meter on May 14, 1975. Only one out of
six samples exceeded the most recent evaluation criteria of 0.05 milligrams
per cubic meter (Table IV). As previously mentioned, the metal
electroplating shop is now closed.

Concentrations of methanol posed no health hazard. The highest concentration
was 13.0 milligrams per cubic meter, and the evaluation criteria for an
8-hour exposure is 260.0 milligrams per cubic meter (Table V). On

January 20, 1976, workers were monitored for iron oxide fumes, lead,
isopropanol, and MEK. A1l envirommental levels were well below the most
recent evaluation criteria (Tables VI and VII).

G. Medical Results and Discussion

In this study 20 urine specimens collected from workers in the survey were
analyzed for protein using the glucose oxidase oxygen rate method (Beckman
Glucose Analyzer); creatine by the standard Jaffee Auto Analyzer method;
total hippuric acid by the spectrophotametric method. (Tomokuni-K-Ogata,
M. Clin. Chemistry, Vol. 18, p 349)
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A1l urine test results for protein and glucose are within normal 1imits.
The urobilinogen in the second column of Table VIII wes performed by the
Ames Dipstick Test in the field.

The 20 urine samples were also examined for micrograms of cadmium per ml of
urine, utilizing the nitric acid ash solvent extraction method (ABDC/MIBK).
For purposes of verification, the test results were compared by the direct
extraction technique as well (Table IX).

Table X presents the results of blood morphology and of blood Tead for
those workers on which it was performed. It is noted that the mean for
each column falls within the accepted normal Timits. One worker had a high
normal blood lead; however, it was still within acceptable limits.

Symptan complaints were given to the NIOSH medical investigator by 45% of
the sample. Table XI gives the percentage response by symptan. The
frequency distribution indicates burning, itching, or tearing of the eyes
and dry or sore throat as the most common complaints, followed by headaches
and stuffy or runny nose and subsequent coughing up of phlegm. With one
exception, the dermatologic complaint seems not to be related to work
practices. One worker experienced an acne-form reaction about the face.

It is interesting to note that only 40% of the work sample smoke an sverage

of one pack of cigarettes per day (mean 18.6) for an average of §-1/2 years
(mean 8.5).

Table XII indicates upon physical examination 90-95% of the cohort were
judged normal. Two workers had inflamed nasal mucosa; two workers had
inflamed conjunctiva; two workers had rales in their Tungs; and one worker
had dermatitis as previously mentioned. One worker had pharyngitis.

The respiratory symptans were judged to be probably due to combined exposures
to MEK and MIBK.

Medical and Environmental Conclusions

A medical survey at Heath Engineering Campany, Fort Collins, Colorado, was
concluded on January 19-21, 1976. The entire production department was seen.
A sample of 20 workers were interviewed--divided among two shifts. Frequent
complaints regarding burning, itching, and tearing of the eyes and dry or
sore throat were found. These medical findings are consistent with over-
exposures to toluene, MEK, and MIBK. A1l blood tests were determined to be

within the normal range of mean or accounted for. One worker had dermatitis
about the face.
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RECOMMENDAT IONS

1. Proper use of spray paint booths should be taught to all spray
painters, since all paint booths had a face velocity of at Teast 200 Tinear
feet per minute. Even though a spray paint booth may be operating properly
with adequate ventilation, a worker will still receive excessive exposures
if he stands between the part being painted and the exhaust fans.

2. In situations where the painter has to paint equipment without
adequate ventilation, he should be provided with a NIOSH-approved respirator,

3. Al1 workers new to production, and all presently employed workers
in this department, should receive preplacement and periodic medical
examinations consisting minimally of dermatologic examination, Tung auscul-
tation and x-ray, examination of nasal mucosa, conjunctiva, and pharynx.

A complete CBC and differential should be accomplished on a routine basis.
Certain workers, especially solderers, should have periodic blood Tead
determinations. Periodic urine examinations for proteinuria, urobilinogen,
glucose, creatine, and hippuric acid should be performed on all workers
using solvents, lacquers, or spray paint and all workers in adjacent exposed
work areas.

4. An accurate Tog should be maintained on the actual work per{ormed
on a shift basis for each worker. The present practice of work rotation
is desirable, but the inability to pinpoint exposure time of individual
workers should be corrected.

5. The practice of hand-dipping metal parts in solvents should be
discouraged. Until such time as engineering changes can be accomplished,
workers should be required to wear approved gloves.
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TABLE I

ATMOSPHERIC CONCENTRATIONS OF ISOPROPANOL , MEK, MIBK, AND TOLUENE

Heath Engineering Campany
May 14, 1975

Atmospheric Concentrations

Comb1ined
Exposures to

Time of Isopropanol,
Sample Sample Isopropanol MEK MIBK MEK, MIBK Toluene
Number Location (min.) (ppms) (ppm) (ppm) (ppm) (ppm) Type of Sample
4 Waterfall Paint Booth 95 8.4 8.0 5.4 25.2 PBZ
b Waterfall Paint Booth 96 < 0.2 15.9 3.4 17.3 PBZ
6 Painting Roan 129 = 0.2 3.2 0.3 151 General Roam
7 Waterfall Paint Booth 142 9.4 7.0 7.0 2 PBZ
8 Waterfall Paint Boaoth 142 6.3 9.5 S 18.0 PBZ
9 Painting Room 48 < 0.2 6.6 0.5 19.8 PBZ
20 Painting Room 103 1:8 11.9 6.3 33.3 PBZ
21 Painting Room 129 % .2 = 0.2 1.4 4.4 PBZ
22 Painting Room 117 7.6 9.0 S 28.1 PBZ
23 Painting Room 43 105.4 131.3 66.6 1.6 391.5 PBZ
24 Paint ing Roam b8 85.56 118.9 23.4 1.0 143.3 PBZ
EVALUATION CRITERIA 400.0 200.0 100.0 i 100.0

PBZ = Painter's Breathing Zone

Lower Timit of detection for all of the above chemical agents is 0.2 ppm.



TABLE II

ATMOSPHERIC CONCENTRATIONS OF Fe203, LEAD, AND CADMIWM

Heath Engineering Company
May 14, 1975

Time of Atmospheric Concentrations
Sample ) Sample Fe203 Lead Cadm ium
Number Location (min.) (mg/M3) Type of Sample
100 Flame Cutting 304 2. " * 0BZ
101 Welder 268 0.2 = 0.01 WBZ
102 Welder 168 4.9 * % WBZ
104 Welder 51 12.6 ® # WBZ
106 Welder 69 13.3 % * WBZ
203 Welder 149 2l v * WBZ
204 Welder 150 0.2 bl * WBZ
205 Welder 58 4.8 - " WBZ
207 Flame Cutting 135 Tt * * 0BZ
208 Welder 90 3.7 * * WBZ
EVALUAT ION CRITERIA 5.0 0.15 "L 005

"C" = Ceiling concentration and should never be exceeded

OBZ = Operator's Breathing Zone

WBZ = Welder's Breathing Zone

Lower 1imit of detection for lead is .006 mg per sample; for cadmium it is .002 mg per sample.



TABLE III
ATMOSPHERIC CONCENTRATIONS OF STODDARD SOLVENT

Heath Engineering Campany
May 14, 1975

Time of Atmospheric Concentrations
Sample Sample Stoddard Solvent
Number Location (min.) (mg /M*?) Type of Sample
2 Cleaning Area 185 103.2 0BZ
3 Cleaning Area 178 L ¢ General Room
EVALUATION CRITERIA 575.0

0OBZ = Operator's Breathing Zone



TABLE IV

ATMOSPHERIC CONCENTRATIONS OF CADMIUM

Heath Engineering Company

May 14, 1975

Time of Atmo spheric Concentrations
§3$E;g Location ?$2E1§ %;d;§§T Type of Sample
; g
103 Metal Electroplating 230 < 0.002 General Roam
200 Metal Electroplating 146 < 0.002 0BZ
202 Metal Electroplating 153 0.01 General Room
206 Metal Electroplating 143 0.16 0BZ -
1 Metal Electroplating 178 0.03 0BZ
2 Metal Electroplating 173 0.002 0BZ
EVALUATION CRITERIA 0.05

OBZ = Operator's Breathing Zone

The lower Timit of detection for cadmium is 0.002 mg.



TABLE V
ATMO SPHERIC CONCENTRATIONS OF METHANOL

Heath Engineering Company
June 24, 1975

Time of
_ Sample Atmospheric Concentrations
Sample Number Location (min.) Methanol (mg/M°) Type of Sample
1 Waterfall Paint Booth 180 # .0 0BZ
2 Waterfall Paint Booth 178 13.0 0BZ
EVALUATION CRITERIA 260 .0

0BZ = Operator's Breathing Zone



TABLE VI
ATMOSPHERIC CONCENTRATIONS OF IRON OXIDE FUMES AND LEAD

Heath Engineering Company
January 20, 1976

Atmospheric Concentrations

Time of
Sample _ Sample Iron Oxidg Fumes Lead
Number Location (min.) (mg/M°) (mg ) Type of Sample
1 Pedestal Welding 165 1,31 < 0.006 WBZ
2 Pedestal Welding 155 0.84 < 0.006 WBZ
3 Flame Cutting 1556 0.16 < 0.006 WBZ
4 Flame Cutting 155 0.24 < 0.006 WBZ
EVALUATION CRITERIA 5.0 .15

WBZ = Welder's Breathing Zone

Lower 1imit of detection for iron oxide is 0.001 mg per sample; for lead it is 0.006 mg per sample.



TABLE VII

ATMOSPHER IC CONCENTRATIONS OF ISOPROPANOL AND MEK

Heath Engineering Company
January 20, 1976

Time of
Sample Sample Isopropanol MEK
Number Location (min.) (ppm) (ppm) Type of Sample
2887 Painting Roam 170 * * PBZ
2889 Painting Room 168 * * PBZ
EVALUATION CRITERIA 400 200

PBZ

Painter's Breathing Zone

A11 samples were below 0.01 mg per sample, which is the lower 1imit of detection by the
most recent analytical methods.



TABLE VIII
Urine Examination Resuits

Heath Manufacturing Company

Protein Glucose Creatinne Hippuric mg Hippuric
in in in acid per .

Name mg/d] Urobilinogen mg/d1 mg/d1 mg/m1 mg/Creat.
1 0 0 5 20 0.40 2.00
2 4 0 10 208 5.33 2.56
3 2 1 7 148 0.63 0.43
4 9 0 8 183 0.70 0.38
5 4 1 7 190 3.87 2.04
6 0 0 6 88 0.30 0.34
7 4 1 4 163 0.47 0.29
8 4 1 5 43 0.53 1.23
9 4 0 6 190 0.23 0.12
10 4 1 9 . 128 ; « 0.50 0.28
11 4 .5 . b 148 0.57 0.39
12 4 5 6 238 0.90 0.38
13 13 1 14 203 313 1.54
14 2 1 7 233 2. 10 0.90
15 2 1 4 63 0.87 1.38
16 4 1 6 180 3.50 1.94
17 2 . 5 163 1.313 0.69
18 2 0 4 88 | 1.44
19 2 B 6 128 0.60 0.47
20 0 0 5 48 0.53 1.10
Mean 3.50 .b5 6.45 140.2 1.38 1.00

Std. Dev. & L .46 2:39 65.6 1.44 v s



TABLE IX

Heath Manufacturing Company
Ft. Collins, Colorado

Microgram Cadium/m1 Urine

(0—> .0004)

1 .0002
2 .0011
3 . 0004
4 . 0009
5 - .0002
6 - .0003
7 .0004
8 . 0005
9 .0018
10 .0004
11 .0029
12 . 0006
13 .0005
14 0012
15 .0006
16 .0032
17 .0004
i8 .0012
19 . 0006
20

. 0006



TABL"

Heath Manufac. g Company
Ft. Collins, Colorado

A1and Examinatinon Results 2

) ) (4.8-10.8) (4.2-6.2) (12-8B) {37-52) (79-97) (27-31) (32-36) (40-65%) (20-40%) (4-8%) (1-3%) (0-30
IIE:‘ an
Wonen uB~ x 103 pac x 108 Hagb ¢m HCT % MCV uu MCH uug MCHC % Polys % Lymph % Mano % EQS % Lead ug
1 6.5 4.70 15.2 42.4 a7. 31.4 35.6 a1 57 0 2
2 5.6 4.90 15.7 42.3 g4, 31 36.7 45 54 0 1
3 (0 5.5% 16.5 45.1 a1. 23.9 35.4 52 41 a2 4
4 8.2 5.40 1583 42.1 76. 27.5 36.0 85 15 0 0
3 7.2 E.23 14.6 40.3 75, 27.1 35.8 47 50 0 3
6 7.9 5.18 16.8 45.7 B86. 31.4 36.3 39 58 2 1
7 9.3 5.32 16.5 46.9 86. 30.1 34.8 59 40 1 0
B 6.7 5.07 157 44.7 ° 86. 30.2 34.8 48 50 0 2
9 6.8 5.09 15.3 43.4 83. 29.2 34.8 80 19 0 1
10 6.4 5.28 5. 42.0 78. 27.8 38.6 67 33 0 0 17
1 0.8 £.79 15.3 44,4 90 .31.0 331 71 27 2 0
12 8.1 5.91 18.1 51.8 86. 29.6 34.4 79 21 0 0 12
13 8.0 5.06 15.4 44.4 85, 29.6 34.4 66 33 0 1.
14 Y%A 521 16.3 45.5 85. 30.4 35.4 . 84 16 i 0 0 12
15 g 4.96 151 43.7 86. 29.6 34.1 60 32 1 7 7
18 123 5.06 15.1 42.4 ¢ 82. 28.9 35.1 71 26 0 3
17 7.0 £.77 14.4 e [ ¢ £5. 29.3 34.2 47 51 0 2
13 5.0 5.04 1581 43.5 g4, 29.2 34.4 69 29 : 2 0
19 5.0 4.69 14.1 41.0 85, 29.2 34.1 40 60 0 0
20 6.8 5.04 15.9 45,2 87. 30.8 34.8 89 N 4] 0 25
Mean . 7.66 L9 | 15.6 44.0 83.9 29.6 35.0 62.0 36.2 .6 1.4 14.6

Std. Dev. 1.66 .30 .9 2.57 3.8 12 .8 16.4 15.8 .9 1.8 6.8



TABLE XI

Heath Manufacturing Company

Ft. Collins,

Colorado

System Complaints Related to Work

Burning, itching and tearing of eyes
Dry or sore throat |

Headaches

Stuffy, runny or sore nose

Itching of skin

Dryness of skin

Irritation of skin

Nasal irritation

Coughing and phiegm

Shortness of breath

Chest tightness, soreness and heaviness

Wheezing/whistling in chest

Sometimes
40%
35%
25%
25%
20%
15%
15%
15%
15%
10%
10%

5%

Usually
b



TABLE XII

Heath Manufacturing Company
Ft. Collins, Colorado

Physical Findings

Inf]améd Tubrinates
Conjunctiva
.Pharyngitis
Lungs (auscultation)

Skin

Percent
Positive Negative
10 80
10 90
5 85
10 90
5 95
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