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SUMMARY

A request to the National Institute for Occupational Safety and Health (NIOSH) for a health
hazard evaluation (HHE) was received from the United Steelworkers of America in December,
1990.  The request, made on behalf of employees of Union Tank Car Company, Cleveland,
Texas, concerned worker exposures to hazardous residues and other substances during railroad
tank car repair.  Specific areas of concern among employees at this facility were:  arc gouging
and welding, and gas welding and cutting on railroad cars (particularly inside the buildings);
interior sweeping and cleaning of chlorine cars; handling ceramic fiber and fiberglass insulation;
exposure to airborne dust during baghouse emptying; acute exposure incidents during welding
and cutting on an acrolein car and after backflow of contaminants into the supplied breathing air
system; and scraping and buffing of asbestos-containing gaskets.  The primary health symptom
which had been reported was respiratory irritation.

Two NIOSH site visits were made for this HHE.  The purpose of the first site visit, on February
19-21, 1991, was to measure employee exposures and to establish the level of reported symptoms
of respiratory and skin irritation among workers potentially exposed to isocyanates.  On the basis
of the preliminary findings, NIOSH investigators conducted a followup site visit, on January 29-
31, 1992, for additional environmental monitoring, and biological monitoring for inorganic
arsenic and cadmium.  

During the initial visit, seven workers were sampled during gas welding and cutting, and air arc
gouging on chlorine cars.  Because the sampling periods were less than the full shift,  8-hr time-
weighted averages (TWAs) were extrapolated for the highest exposures by assuming no other
exposure during the workshift.  Three of seven extrapolated 8-hr TWA iron oxide exposures
(range:  5.6-6.4 mg/m3) exceeded the NIOSH Recommended Exposure Limit (REL)-TWA of 5
mg/m3.  Three of seven extrapolated 8-hr TWA arsenic exposures (range:  12-14 µg/m3)
exceeded the OSHA Permissible Exposure Limit (PEL)-TWA of 10 µg/m3, and four actual
TWAs exceeded the NIOSH REL-Ceiling of 2 µg/m3 (range:  17-23 µg/m3).  Two of the
overexposures, for both iron oxide and arsenic, were during air arc gouging, and one was during
gas welding and cutting.  None of the seven extrapolated 8-hr TWA lead and chromium (metal)
exposures exceeded the respective exposure criteria.  Ten area samples were collected with
impingers during cutting and burning on foam-insulated chlorine cars; no isocyanates were
detected in the samples, below the minimum detectable concentration (MDC) of 1.7 :g/m3. 
Fifteen exposures were measured for fiberglass during insulation handling, all of the measured
values were well below the NIOSH REL of 3 fibers/cc.  Potential worker exposures to asbestos
and polyisocyanate foam decomposition products were identified with sampling of bulk
materials.  The most frequently reported symptoms among workers potentially exposed to
isocyanates were eye, mouth and throat irritation; however, equivalent levels of irritation
symptoms were reported among unexposed workers.

This Health Hazard Evaluation (HHE) report and any recommendations made herein are for the specific facility evaluated and may not be universally 
applicable.  Any recommendations made are not to be considered as final statements of NIOSH policy or of any agency or individual involved.   
Additional HHE reports are available at http://www.cdc.gov/niosh/hhe/reports 

 

This Health Hazard Evaluation (HHE) report and any recommendations made herein are for the specific facility evaluated and may not be universally 
applicable.  Any recommendations made are not to be considered as final statements of NIOSH policy or of any agency or individual involved.  
Additional HHE reports are available at http://www.cdc.gov/niosh/hhe/reports 

 

This Health Hazard Evaluation (HHE) report and any recommendations made herein are for the specific facility evaluated and may not be universally 
applicable.  Any recommendations made are not to be considered as final statements of NIOSH policy or of any agency or individual involved.  
Additional HHE reports are available at http://www.cdc.gov/niosh/hhe/reports 

 

This Health Hazard Evaluation (HHE) report and any recommendations made herein are for the specific facility evaluated and may not be universally 
applicable.  Any recommendations made are not to be considered as final statements of NIOSH policy or of any agency or individual involved.  

 

This Health Hazard Evaluation (HHE) report and any recommendations made herein are for the specific facility evaluated and may not be universally 
applicable.  Any recommendations made are not to be considered as final statements of NIOSH policy or of any agency or individual involved.  
Additional HHE reports are available at http://www.cdc.gov/niosh/hhe/reports 

 

applicable.  Any recommendations made are not to be considered as final statements of NIOSH policy or of any agency or individual involved.  
Additional HHE reports are available at http://www.cdc.gov/niosh/hhe/reports 

 

http://www.cdc.gov/niosh/hhe/reports
http://www.cdc.gov/niosh/hhe/reports
http://www.cdc.gov/niosh/hhe/reports


Environmental monitoring indicated that during arc gouging, welding, cutting, and
interior sweeping on railroad tank cars, worker exposures to arsenic, iron, nickel, and
nitrogen dioxide were a health hazard.  Exposures to other contaminants, including
isocyanates, chromium, and asbestos were a potential health hazard during car
maintenance activities surveyed.  Urine testing suggested occupational exposure to
arsenic among some workers tested.  Recommendations are provided for installation of
engineering controls, and improved respiratory protection and administrative controls to
prevent both routine overexposures and acute exposure incidents.

During the followup visit, twelve workers were sampled during welding and air arc gouging, and
interior sweeping.  Ten of 12 arsenic exposures exceeded the NIOSH REL-Ceiling of 2 µg/m3,
and five of 12 were above the OSHA PEL-TWA of 10 µg/m3.  Four of 12 iron oxide exposures
exceeded the NIOSH REL-TWA of 5 mg/m3.  All of the personal breathing zone (PBZ)
exposures measured for cadmium, chromium (metal), chromium VI, lead, and nickel were below
the respective exposure criteria.  Results of bulk sampling indicated that one of four paint
samples analyzed contained zinc chromate, a potential source of chromium VI exposure;
however, due to analytical interferences air sampling for chromium VI was inconclusive.  Six of
19 short-term arsenic exposures measured exceeded the NIOSH REL-Ceiling of 2 µg/m3; the
highest (range:  89-240 :g/m3) were during carbon air arc gouging.  Bulk material sampling
indicated that the arsenic was probably a trace constituent of the tank car steel.  Nineteen samples
for nitrogen dioxide (NO2) and carbon monoxide (CO) were collected during carbon air arc
gouging, welding, and torch cutting.  Twelve of 19 NO2 exposures (range:  <0.38 to 4.5 ppm)
were equal to, or exceeded the OSHA PEL-short-term exposure limit (STEL) and the NIOSH
REL-STEL of 1 ppm.  None of the 19 short-term CO exposures (range:  <5 to 70 ppm) or the 13
hydrogen cyanide exposures measured (range:  <0.09 to 3.1 ppm) exceeded the respective
evaluation criteria. 

A total of 25 employees, all males, submitted urine samples for arsenic and chromium
evaluation.  All of the urinary arsenic (range:  2 to 14 :g/g creatinine) and chromium (range:  <1
to <7:g/g creatinine) concentrations were below the respective American Conference of
Governmental Industrial Hygienists Biological Exposure Indices.  Three of 25 workers had
urinary inorganic arsenic concentrations which exceeded those usually seen in the general
population (<10 :g/L), suggesting occupational exposure.

KEYWORDS:  SIC 4789 (transportation services, not elsewhere classified), railroad car repair,
tank cars, arsenic, chromium, welding, cutting, air arc gouging, isocyanates.
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INTRODUCTION

A request to the National Institute for Occupational Safety and Health (NIOSH) for a health
hazard evaluation (HHE) was received from the United Steelworkers of America office in
Pittsburgh, Pennsylvania in December, 1990.  The request, made on behalf of employees of
Union Tank Car Company, Cleveland, Texas, concerned worker exposures to hazardous residues
and other substances during railroad tank car repair.   According to the local union president,
specific areas of concern among employees at this facility included:  arc gouging and welding,
and gas welding and cutting on sulfur and polyisocyanate foam-insulated chlorine cars
(particularly inside the buildings); interior sweeping and cleaning of chlorine cars; handling
ceramic fiber and fiberglass insulation; exposure to airborne dust during baghouse emptying;
acute exposure incidents during welding and cutting on an acrolein car and after backflow of
contaminants into the supplied breathing air system; and scraping and buffing of asbestos-
containing gaskets.  The primary health symptom which had been reported was respiratory
irritation, and at least one worker had reported health problems from a previous exposure to
acrolein. 

Two NIOSH site visits were made for this HHE.  The purpose of the first site visit, on February
19-21, 1991, was to measure employee exposures in the areas of concern and to establish the
level of reported symptoms of respiratory and skin irritation.  On the basis of the preliminary
findings, NIOSH investigators conducted a followup site visit, on January 29-31, 1992, for
additional environmental monitoring of selected contaminants in the areas of concern, and
medical monitoring of workers exposed to arsenic and cadmium.  An interim report, dated
September 24, 1991, with findings from the initial visit and interim recommendations, was
provided to the union and management.  Following the second visit, employee notification letters
were provided to workers who participated in the medical monitoring.

BACKGROUND

The Union Tank Car Company (UTC) facility in Cleveland, Texas, refurbishes, repairs, and
performs routine maintenance on railroad tank cars.  At the time of the initial NIOSH site visit,
the workforce consisted of 237 full-time employees (48 salaried) over three shifts per day, with
most on the first and second shifts.  The number of workers was reduced to 164 full-time
employees (47 salaried) at the time of the second NIOSH visit.  On-site facilities included an
outdoor car cleaning station (known as the "LPG rack"), three buildings for maintenance interior
work, a paint shop, and outdoor and indoor areas for abrasive blasting.  UTC has operated this
facility since 1978.  

Railroad tank cars which arrive for servicing are either customer-owned or leased from UTC. 
UTC's car repair customers represent a number of industries, including chemical and agricultural
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product producers.  Approximately 800 commodities are reportedly transported by UTC
customers, ranging from non-toxic food products to highly toxic industrial chemicals, such as
acrolein.  Tank cars of one type, such as cars used to transport chlorine or sulfur, may arrive in
large batches for scheduled maintenance.  According to management representatives, tank cars
which arrive for repair are generally "empty" as defined by the Resource Conservation and
Recovery Act1, that is, no more than one inch of residue in the bottom, or 0.3 percent by weight
of the total capacity of the container remains.  

A manifest which is attached to the cars upon arrival identifies the car contents and the amount
of residue.  Cars delivered for maintenance are inspected and cleaned by UTC at the facility prior
to maintenance work.  UTC has specific written tank car cleaning instructions, which include
confined space entry procedures, for many of the products transported.  The instructions call for
ventilation and testing of the atmosphere inside the tank cars for oxygen deficiency, explosive
atmosphere, and where applicable, specific hazardous materials; prior to worker entry.  

Tank cars may undergo a variety of repair and refurbishment processes at the facility, including
oxyacetylene gas torch or electric arc welding and cutting, air arc gouging with carbon
electrodes, removal and replacement of insulation material, removal of interior and exterior
coatings by abrasive blasting, pressure head and valve repair, and interior and exterior spray
painting.  The coatings used to repaint cars are specified by the UTC's customers; reportedly the
formulations required change frequently.  A ventilation system is used in the abrasive blasting
areas to collect dust and fines in an exterior baghouse.  Reportedly, the baghouse dust is emptied
into trucks for transportation to a disposal site quarterly, or sooner if it becomes full.  Workers
reported that they were exposed to airborne dust during this operation. 

During welding and cutting, and air arc gouging, constituents of the tank car surface coatings,
surface contaminants, metal alloy components, and product residues may be volatilized,
potentially exposing car repairers and welders to a complex mixture of compounds.2  During
welding and cutting on chlorine cars, which are double-walled cars insulated with a
polyisocyanate foam (Isofoam®, I.P., Inc., Elkton, MD), the foam may be ignited, exposing
workers to smoke containing thermal decomposition products.  This smoke has been found to
contain potentially toxic substances, including 4,4'-methylenediphenyl isocyanate (MDI), a
respiratory and dermal sensitizer.3  The ventilation provided inside the three general maintenance
buildings consisted of passive roof openings, with axial wall fans in some areas.  

Company representatives indicated that complaints have been received from workers over a
number of years regarding exposures during maintenance on sulfur cars.  The conditions of
concern reportedly occurred when welding or cutting took place on more than one sulfur car
inside one of the buildings, particularly on the older cars built in the 1960's.  Reportedly, an
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     *NIOSH investigators had planned to sample exposures during welding and cutting on older sulfur cars inside the maintenance buildings
conditions did not occur during this investigation.

 irritating smoke containing sulfur dioxide was produced when sulfur solid residues on the car
are ignited.

EVALUATION DESIGN AND METHODS

ENVIRONMENTAL

During the first site visit on February 20-21, 1991, personal breathing zone (PBZ) and area air
samples were collected during the first shift, primarily during periods of highest work activity. 
During the sampling periods, work practices were observed. Processes sampled were (analytes in
parentheses):  

< gas and arc welding and cutting, and air arc gouging, on foam-insulated chlorine cars 
(isocyanates, metals, hydrogen cyanide, nitrous oxides, carbon monoxide)

< interior sweeping of chlorine cars (chlorine, metals) 

< valve gasket replacement and fiber insulation handling (asbestos, fibers)

< welding and cutting on a sulfur car (sulfur dioxide)*  

Bulk materials were sampled to determine potential worker exposures to hazardous materials. 
Processes sampled were (analytes in parentheses):  

< baghouse dust (metals) 

< valve gaskets, fibrous glass (asbestos)

< poly-isocyanate foam insulation (thermal decomposition products)   

A walkthrough survey was conducted, during which the breathing air system was inspected,
workers who perform maintenance on tank car pressure heads were interviewed and observed,
and three workers involved in a February 1989 acute exposure incident involving acrolein were
interviewed. 



Page 6 - Health Hazard Evaluation Report No. 91-053

During the followup visit, on January 30, 1992,  PBZ and area air samples were collected during
the first and second shifts to measure full-shift and short-term (15-min) exposures to selected
contaminants.  Processes sampled were those in which worker overexposures to arsenic and other
metals had been measured during the initial visit.  Processes sampled were (analytes in
parentheses):

< gas and arc welding and cutting, and air arc gouging on foam-insulated chlorine cars 
(metals, hydrogen cyanide, nitrogen dioxide, carbon monoxide).  

< interior sweeping of chlorine cars (metals) 

UTC job categories which were represented in the NIOSH personal sampling conducted during
this evaluation were Car Repairman 1, 2, and 3; and Certified Welder.

Air Samples

Sampling and analytical methods used in this evaluation are summarized in Table 1; the NIOSH
analytical methods referenced are described in the NIOSH Manual of Analytical Methods, Third
Edition.4  Each of the laboratory methods has a limit of detection (LOD) and limit of quantitation
(LOQ), which are determined for each sample set in the laboratory.  The minimum detectable
concentration (MDC) and minimum quantifiable concentration (MQC) for a given sample can be
determined by dividing the LOD and LOQ, respectively, by an appropriate sample volume.  The
MDC or MQC for laboratory methods are reported with the results.  For methods using direct-
reading instruments, the manufacturer's LOD or MDC is reported in Table 1.  

PBZ and area samples were collected with the specified sampling media connected via plastic
tubing to portable battery-operated personal sampling pumps.  The pumps were calibrated
immediately before and after sampling with a mass flowmeter which had been calibrated with a
primary standard (bubble flowmeter).  The means of the measured pre- and post-sampling flow
rates were used to calculate sample volumes.  PBZ samples were collected in workers' breathing
zones by attaching the media on the workers' shirt collars; except that for workers wearing
welding facemasks the samples were collected in the facemasks.  Area air samples for asbestos
were collected with electric-powered high-flow pumps connected to a laboratory-calibrated
critical orifices (flow rates of 8.25 and        8.9 liters per minute (L/min)).

Bulk Material Samples

Polyisocyanate Foam Insulation.
A sample of foam insulation from a chlorine car in the shop was collected on the first site visit. 
A qualitative analysis of volatile organic compounds (VOCs) produced by the ignited foam was
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performed in the laboratory to determine potential worker exposures.  Milligram amounts of the
sample were placed in a ceramic boat, and heated in a quartz/Pyrex-lined microcombustion
furnace set to 360°C.  The effluents were sampled for 30 min periods--10 min with the oven at
temperature, and 20 min after the oven was turned off, with both charcoal and ORBO-23® 
sorbent tubes at flow rates of 0.1 and 0.05 L/min, respectively.  Front and back sections of the
charcoal tubes were analyzed separately, using 1 mL carbon disulfide for desorption, followed by
gas chromatography flame-ionization detector (GC-FID) with a 30-meter column, and gas
chromatography with mass spectrometry detection (GC-MSD).  Front and back sections of the
ORBO-23 samples were analyzed separately, using 1 mL toluene in an ultrasonic bath for 60
min, followed by GC-MSD using a 15-meter column.

Valve Gaskets, Gasket Dust, and Fiberglass Insulation.
Bulk samples were collected on the first site visit of valve gaskets and gasket dust in the buffing
area; and of fiberglass insulation to determine potential sources of asbestos exposure.  After
ensuring homogeneity of the samples, representative portions of each sample were immersed in
Cargille liquids and analyzed for percent asbestos by polarized light microscope (PLM) at a
magnification of 100X.

Baghouse Dust.
Bulk samples were collected on the first site visit to determine if the material was potentially
hazardous.  Three replicate aliquots from each sample were weighed and placed in separate
vessels, then wet-ashed with concentrated nitric and perchloric acids.  The resulting residues
were dissolved in a dilute solution of the same acids, and analyzed for 30 metals by inductively
coupled argon plasma, atomic emission spectroscopy (ICP/AES)--NIOSH Method 7300.

Tank Car Paints, Polyisocyanate Foam Insulation, and Chlorine Car Interior Dust.  Bulk samples
were collected on the followup visit.  The samples were analyzed to  identify potential sources of
previously measured arsenic and chromium exposure. Samples were analyzed by ICP/AES--
NIOSH Method 7300 (see digestion procedure above).

MEDICAL

During the initial site visit, first and second shift employees present (on February 20 and 21,
1991) were asked to complete a self-administered questionnaire.  The purpose of the
questionnaire was to determine the prevalence of potentially work-related respiratory and skin
symptoms.  The questionnaire addressed specific symptoms, including those associated with
MDI exposure; and demographic, medical, smoking, and work history information.  Specific
questions were asked regarding the presence of respiratory symptoms and skin irritation that
occurred during the past month, and whether the symptoms occurred while at work, home, or
both. 
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During the followup visit urine samples were collected from employees thought to have the
highest potential exposure to arsenic and chromium.  Workers who spent the largest proportion
of time welding or arc gouging were identified by the union representative and invited to
participate.  The urine samples were analyzed for arsenic, chromium, and creatinine levels.  (The
creatinine concentration is not related to any occupational exposures; it is used to standardize the
concentrations of arsenic and chromium).  On the day the sample was collected, each participant
completed a brief questionnaire which asked how many days during the present week he had
spent most of the day welding.  

The urine samples were collected near the end of the work week (Thursday) so that they would
reflect cumulative occupational exposure for that week.  For chromium, the ACGIH recommends
that specimens be collected at the end of the work shift.5  However, because the workers do not
shower and/or change clothes at the end of the work shift, we chose to collect the specimens at
the beginning of the work shift, prior to the employees entering the work area, to avoid
contaminating the specimen with arsenic or chromium from the workers' clothes.  The urine
samples were collected privately by each individual and transferred into preservative-containing
plastic bottles supplied by the laboratory.  The samples were shipped by overnight mail to the
laboratory for analysis of inorganic arsenic and its metabolites (methylarsonic acid and cacodylic
acid) and chromium.  Arsenic found in fish and seafood is primarily organic, so by measuring
only inorganic rather than total arsenic, the interference of dietary arsenic is reduced.6  

EVALUATION CRITERIA

GENERAL

As a guide to the evaluation of exposures to chemical and physical agents in the workplace,
NIOSH employs criteria which are intended to suggest levels of airborne 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 important to note, however, 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 combination with other workplace exposures, the general environment, or
with medications or personal habits of the worker to produce health effects even if the
occupational exposures are below the evaluation criteria.  Some substances are absorbed by
direct contact with the skin and mucous membranes, or by ingestion, and thus the overall
exposure may be increased above measured airborne concentrations.  Evaluation criteria change
over time as new information on the toxic effects of an agent become available.
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The primary sources of evaluation criteria for the workplace are:  NIOSH Criteria Documents
and Recommended Exposure Limits (RELs)7, the American Conference of Governmental
Industrial Hygienists (ACGIH) Threshold Limit Values (TLVs)8, and the Occupational Safety
and Health Administration (OSHA) Permissible Exposure Limits (PELs)9.  Employers are
required to comply with the OSHA PELs, and other OSHA standards.

These values are usually based on a time-weighted average (TWA) exposure, which refers to the
average airborne concentration of a substance over an entire 8-hour (PEL-TWAs, TLV-TWAs)
or up to 10-hour (REL-TWAs) workday.  Concentrations are usually expressed in parts per
million (ppm),  milligrams per cubic meter (mg/m3), micrograms per cubic meter (µg/m3), or
fibers per cubic centimeter (fibers/cc).  To compare results with the NIOSH REL-TWAs and
OSHA PEL-TWAs, it is sometimes useful to extrapolate an equivalent 8-hr TWA exposure for
sampling times of shorter than 8-hr duration.  In extrapolating an 8-hr TWA, an assumption is
made that there was no other exposure to the compound of interest over the remainder of the 8-hr
work-shift.  

In addition, for some substances there are short-term exposure limits (STELs) or ceiling limits,
i.e., NIOSH REL-Ceiling (15 min), which are measured over a 15-minute period unless
otherwise specified; and are intended to supplement the TWA limits where there are recognized
toxic effects from short-term exposures.  NIOSH has defined a number of substances as potential
occupational carcinogens; these are substances which are known to initiate or promote cancers in
humans or one or more experimental mammalian species.  NIOSH policy regarding exposure to
potential carcinogens is that occupational exposures should be reduced to the lowest feasible
limit (LFL).

SPECIFIC SUBSTANCES

A list of the substances for which exposures were evaluated in this survey is presented in Table
2.  The table presents the applicable occupational exposure criteria (NIOSH, OSHA, and
ACGIH) and a brief description of the primary health effects that one or more of the exposure
limits are designed to prevent.   More detailed discussions of arsenic, chromium, and
diisocyanates are provided below.

Arsenic

Exposure to inorganic arsenic can produce dermatitis (skin inflammation), keratoses (horny
growths on the skin), peripheral neuropathies (diseases of the nerves of the extremities),
peripheral vascular diseases (diseases of the arteries and veins of the extremities), and cancer of
the skin, liver, and lungs.6   Arsenic is absorbed primarily via inhalation and ingestion.  Oral
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     *Since arsenic concentrations in urine are dependent on urine output,  they are normalized  with reference to creatinine co
the same sample.  Creatinine is usually excreted from the body in urine at a constant rate.

     **Code of Federal Regulations.Code of Federal Regulations.Code of Federal Regulations.Code of Federal Regulations.

 ingestion from contaminated hands may result in absorption of toxicologically significant
amounts of arsenic.10

Inorganic arsenic is eliminated from the body through metabolism and urinary excretion.  The
total amount excreted in urine accounts for about 60% of the absorbed amount.  Inorganic arsenic
metabolites appear in urine shortly after the start of exposure.  The concentration rises slowly
during the first days of the exposure, and then levels off.6  If a worker's exposure on following
days is similar, the arsenic concentration in urine remains more or less the same.

The ACGIH has proposed a Biological Exposure Index (BEI) for arsenic.  The BEI is 50
micrograms per gram (µg/g) of creatinine* for inorganic arsenic metabolites in urine measured in
workers at the end of the workweek.6  The current ACGIH TLV-TWA of 200 :g/m3 for
inorganic arsenic is primarily intended to prevent overt systemic effects of exposure, and does
not reflect arsenic's potential to cause cancer.  ACGIH has proposed a TLV-TWA of 100 :g/m3

for inorganic arsenic, with the designation of confirmed human carcinogen.8   Both NIOSH 7 and
OSHA [29 CFR 1910.1018]** consider inorganic arsenic to be a potential occupational
carcinogen.  The NIOSH REL (ceiling limit) is 2 :g/m3, and the OSHA PEL-TWA is 10 :g/m3.  

Sources of non-occupational exposure to arsenic are drinking water, food and polluted air.11 
Cigarette smoking is also a source of exposure to arsenic (12 to 42 µg/cigarette).12  Therefore,
arsenic is found in the urine of people who have no occupational exposure to arsenic. 
Concentrations of inorganic arsenic and its metabolites in the urine of the general population are
usually below 10 µg/L (generally equivalent to µg/g creatinine) in European countries, but
slightly higher in the United States.13  Given the NIOSH REL for arsenic, biological monitoring
by urinalysis is of little value in determining whether or not workers' arsenic exposures exceeded
the REL, as normal levels of arsenic in urine could easily mask the contribution of occupational
exposures near the REL. 

Chromium VI

The toxicity and solubility of chromium compounds, that contain chromium in the Cr2+, Cr3+, or
Cr6+ valence state, vary greatly, but those that contain chromium VI (Cr6+) are of greatest health
concern.  Chromium VI compounds include lead chromate and zinc chromate pigments, chromic
acid, and soluble compounds such as those used in chromium plating.  Some chromium VI
compounds are severe irritants of the respiratory tract and skin, and some (including chromates)
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have been found to cause lung cancer in exposed workers.14  Allergic dermatitis is one of the
most common effects of chromium toxicity among exposed workers.

The ACGIH BEIs for chromium VI are a 10 µg/g of creatinine increase during the work shift,
and 30 µg/g of creatinine when measured in exposed workers at the end of the workweek.5 
These recommended BEIs apply only to operations where water soluble chromium VI fume is
present.  The BEIs represents levels that are likely to be found in biological samples collected
from healthy workers who have inhalation exposure to water soluble chromium VI at the current
TLV-TWA of 50 :g/m3.   The NIOSH REL-Ceiling for chromates, based on designation as a
potential occupational carcinogen, is 1 :g/m3.

Non-occupational sources of exposure to chromium include food, water, air, and cigarette
smoking.  Persons not occupationally exposed generally have very low urinary levels, less than 1
µg/L.

Isocyanates

Isocyanates, including MDI, cause irritation to the skin, mucous membranes, eyes and respiratory
tract.  Worker exposure to high concentrations may result in chemical bronchitis, chest tightness,
nocturnal dyspnea (shortness of breath during sleep), pulmonary edema (fluid in the lungs), and
death.15,16  

The most debilitating health effects from exposure to MDI and other diisocyanates are respiratory
and dermal (skin) sensitization.  Development of this sensitization can depend on the type of
exposure, the exposure concentration, the route of exposure, and individual susceptibility.  After
sensitization, any exposure, even to levels below occupational exposure limits, may produce
symptoms and allergic responses which may be life-threatening.  The symptoms of both
respiratory and dermal sensitization may develop immediately or several hours after exposure (in
someone already sensitized), after the first few months of exposure, or may be delayed in onset
until after several years of exposure.17,18,19  The only effective treatment for the sensitized worker
is cessation of all diisocyanate exposure.  In respiratory sensitization, the response is an asthmatic
reaction characterized by coughing, wheezing, shortness of breath, and tightness in the chest; this
phenomenon has traditionally been referred to as "isocyanate asthma."20 
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RESULTS AND DISCUSSION

INITIAL VISIT

Environmental Sampling 

Welding, Cutting and Gouging--Chlorine Cars

Personal air sampling results for selected metals are shown in Table 3.  PBZ exposures were
measured for seven workers representing Car Repairman (1, 2, and 3) and Certified Welder job
categories.  The samples were collected during gas welding and cutting, and air arc gouging on
chlorine cars.  Ranges for PBZ exposures (irrespective of respirators) to selected metals of
potential health significance were:  arsenic (ND-23 µg/m3), iron (1.1-11 mg/m3), lead
(ND-15 µg/m3), chromium (ND-8.7 µg/m3), and nickel (ND-12 µg/m3).  Other elements
measured (see Table 1"--metals") were either not detected or were at insignificant levels.  It was
assumed, because the primary processes were welding and arc gouging, that the iron exposures
were in the form of iron oxide fume.21

Four of seven arsenic exposures measured exceeded the NIOSH REL-Ceiling of 2 µg/m3 (range: 
17-23 µg/m3).  The arsenic sample results are TWAs for 131-409 min sampling periods, and thus
do not preclude the possibility that 15-min ceiling levels were much higher.  Arsenic, which
NIOSH considers to be a potential occupational carcinogen, is an ingredient in some metal alloys
and color pigments used for industrial coatings.22,23 

Because the sampling periods were less than the full shift,  8-hr TWAs were extrapolated for the
highest exposures by assuming no other exposure during the workshift.  Since that assumption
was not always valid, the extrapolated 8-hr TWAs reported should be considered minimum
values.   

Three of seven extrapolated 8-hr TWA iron oxide exposures (range:  5.6-6.4 mg/m3) exceeded
the NIOSH REL-TWA of 5 mg/m3.  Three of seven arsenic exposures (range:  12-14 µg/m3)
exceeded the OSHA PEL-TWA of 10 µg/m3.  Two of the overexposures, for both iron oxide and
arsenic, were during air arc gouging, and one was during gas welding and cutting.  None of the
seven extrapolated 8-hr TWA lead and chromium (metal) exposures exceeded the respective
exposure criteria.  The valence state of the chromium was not determined (that requires a
separate analytical method).  Four of seven chromium exposures may have exceeded the NIOSH
REL of 1 µg/m3 for chromium VI, if the chromium present was in the form of chromates. 
Chromates are found in industrial paints, and have been found to be potential occupational
carcinogens.24



Page 13 - Health Hazard Evaluation Report No. 91-053

Results of  grab sampling for nitrous fumes (NO+NO2), CO, and HCN during cutting on a
chlorine car are shown in Table 4.  Direct-reading grab samples were collected at two locations
near a Car Repairman torch cutting on the side of a car; the ranges for results were:  NO+NO2
(<2-6.5 ppm) , CO (35-110 ppm), and HCN (>2-2 ppm).  The short-term exposures measured did
not exceed  the NIOSH RELs-Ceiling (15 min) of 200 ppm and 4.7 ppm for CO and HCN,
respectively.  There is no exposure criteria for total nitrous fumes.  However, the NO+NO2
measurements indicate that the NIOSH REL-Ceiling (15 min) for NO2 of 1 ppm may have been
exceeded in three of eight samples (range:  4-6.5 ppm).

Ten area samples were collected with impingers during cutting and burning on foam-insulated
chlorine cars on February 20 and 21, 1991.  No isocyanates were detected in the samples, less
than the MDC of 1.7 :g/m3 (based on a sample volume of 180 L).
 
All workers who were sampled were wearing single-use respirators under their welder's
facemasks on the days of the survey.  According to the company, workers are required to wear
high-efficiency particulate air (HEPA) filter respirators (3M® 9920) during arc gouging, but not
during torch cutting.  These respirators do not protect against exposures to gases (i.e. NO2) and
organic vapors, and are not recommended by NIOSH for protection against potential
occupational carcinogens.

Chlorine Car-Interior Sweeping

Results for PBZ exposures to selected metals are shown in Table 3.  PBZ sampling, which
included all of the workers' interior sweeping during the shift, was conducted on two workers,
both Car Repairman 3 job category.  

Both arsenic exposures measured (irrespective of respirators) exceeded the NIOSH REL-Ceiling
(15 min) of 2 µg/m3.  These exposures were 280 and 135 µg/m3. 

Because the PBZ sampling periods were less than full-shift (50 and 207 min),  8-hr TWAs were
extrapolated for the highest exposures by assuming no other exposure during the workshift. 
Since that assumption was not always valid, the extrapolated TWAs reported here (which are
irrespective of respirator use) should be considered minimum values.

Both extrapolated 8-hr TWA exposures to arsenic (29 and 57 µg/m3) exceeded the OSHA PEL-
TWA of 10 µg/m3.  Both extrapolated 8-hr TWA nickel (19 and 38 µg/m3) and iron (14 and 28
mg/m3) exposures exceeded the respective NIOSH REL-TWAs of 15 µg/m3 and 5 mg/m3. 
NIOSH considers arsenic and nickel to be potential occupational carcinogens.  Neither PBZ
exposure for lead and chromium exceeded the NIOSH RELs of <100 µg/m3, and 500 µg/m3,
respectively.  However, the valence state of the chromium detected was not determined (that
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requires a separate analytical method).  Both samples may have exceeded the corresponding
NIOSH REL of 1 µg/m3 if the chromium was in the form of chromates (chromium VI), which are
found in industrial paints.  

PBZ and area air sampling results for chlorine during interior sweeping are shown in Table 5. 
Area and PBZ samples were collected during three periods (41-101 min) in which a single Car
Repairman swept the interior of a chlorine car.  The concentrations of chlorine measured ranged
from ND (<2 µg/sample) to 0.008 mg/m3; the latter result being between the LOD and LOQ.  All
three area concentrations and PBZ exposures measured exposures were well below the NIOSH
REL-TWA of 1.5 mg/m3, and the NIOSH REL-Ceiling of 3 mg/m3 for chlorine.

Workers performing chlorine car interior sweeping were wearing supplied-air respirators on the
day of the survey, but stated that use of these respirators was not required during this activity. 

Welding and Cutting--Sulfur Tank Cars

UTC had no welding and cutting on older sulfur cars inside the maintenance buildings, the
condition of concern in the HHE request, scheduled during the NIOSH visits.  Reportedly, these
work conditions occur at unpredictable and infrequent intervals.  Two workers were welding or
cutting on a newer (built in 1980's) sulfur car outside the building; and a total of 14 PBZ and area
samples were collected for sulfur dioxide.  Results of quality control samples in the sulfur
dioxide sample set were not within acceptable limits; therefore these sulfur dioxide results are
not valid and will not be reported.  

Baghouse Dust

The results of the analyses of two bulk samples of baghouse dust for 30 trace elements are shown
in Table 6.  The samples were collected of dust accumulated directly underneath the exterior
blasting baghouse hopper.  The primary trace elements detected (and respective concentration
ranges) were:  iron (20.4-22.6%), barium (3.55-3.88%), calcium (2.17-2.41%), zinc (1.42-
1.46%), chromium (0.41-0.46%), aluminum (0.24-0.31%), and lead (0.29-0.33%).  Other
elements were either measured as less than 0.30% of the sample or were not detected (less than
LOQ of 0.01%).  Since the baghouse collects dust from abrasive blasting rooms, it is likely that
some of the metals detected, such as barium, zinc, lead, and chromium, were from the industrial
steel coatings which were removed from tank cars by abrasive blasting.  The presence of
concentrations in the percent range of these potentially toxic elements indicates that handling the
baghouse dust is a potential health hazard for workers.
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Fiber Insulation Handling

Results of PBZ sampling for fiberglass and ceramic fibers are shown in Table 7.  Fifteen PBZ
exposures were measured for four workers in the Car Repairman job category.  Exposures
measured were TWAs for work periods (54-109 min) during installation of fiberglass insulation,
and replacement of ceramic fiber insulation.  The exposures ranges measured were:  0.017 (value
between LOD and LOQ) to 0.39 fibers/cc  for fiberglass installation; and 0.26 to 0.61 fibers/cc
for ceramic fiber insulation replacement.  All of the measured values were well below the
NIOSH REL-TWA for fibrous glass of 3 fibers/cc.  Currently there are no evaluation criteria for
exposure to ceramic fibers.

Three of the air samples with detectable concentrations of fibers were selected for subsequent
analysis for asbestos fibers by TEM (NIOSH Method 7402).  In two of the three samples, a single
asbestos fiber was identified by TEM, indicating the possible presence of airborne asbestos (see
Table 7).  However, to positively confirm the presence of asbestos in an air sample, a minimum
of three fibers must be identified3.  Asbestos was not detected in one bulk sample of new
fiberglass insulation collected during the installation of fiberglass insulation on a tank car, it was
composed exclusively of fibrous glass.  The source of any asbestos detected in this area may have
been an adjacent work area, the valve gasket replacement area (see below).

Valve Gasket Replacement

Five valve gasket bulk samples were collected from different sizes of gaskets and submitted for
asbestos analysis by PLM.  All were found to be 90% chrysotile asbestos, indicating a potential
health hazard due to airborne asbestos exposure during gasket buffing and valve cleaning.  Two
samples of dust collected on the desk top in the buffing area were 1% chrysotile asbestos; the
remainder of the samples was primarily rubber and metal fragments.  

Area concentrations, and PBZ exposures for three workers (Valve Repairman and Car Repairman 
job categories) were measured during valve gasket buffing, and valve cleaning and reassembly. 
The gasket buffing process generated large amounts of dust, which necessitated short-term
sampling for asbestos to reduce the overloading of filters with particulate matter.  Three to eight
samples of 8 to 98 minutes duration were collected for each worker sampled.  A total of 32 air
samples were submitted for asbestos analysis by PCM, and if appropriate TEM.  None of the
samples contained detectable levels of fibers (limit of detection 7 fibers/mm2).  However, the
sampling results were inconclusive (and may include "false negatives"); high total dust levels
necessitated short-term sampling, and nine of the 32 samples were so heavily overloaded with
particulate matter that fibers could not be counted.  Analysis of fiber samples collected in an
adjacent area in the same building indicated the possible presence of airborne asbestos (fiber
insulation handling, above).  Asbestos exposures have been documented among workers cutting
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and handling asbestos-containing gaskets in the oil industry25.

On the day of the survey the valve repairman wore a supplied air respirator during the periods of
gasket buffing.

Polyisocyanate Foam Thermal Decomposition Products

To measure potential exposures when the foam insulation (Isofoam®) used in chlorine cars is
ignited, a sample was collected and submitted for laboratory analysis of thermal decomposition
products.  A qualitative analysis, by GC-MSD, of VOCs released when a sample of the foam was
heated to 360° C (680° F) was performed.   

The primary compound identified on the charcoal tube sample of effluents were benzene
isothiocyanate, trichlorofluoromethane (Freon 11), chloroethane, and dioctyl phthalate (DOP).  In
addition to these components, alkyl dioxanes and dioxolanes, aniline, phenols, glycol ethers
including butyl cellosolve, benzene, toluene, carbon tetrachloride, chlorobenzene, and xylene
were detected.  

The primary compound detected on the ORBO-23 tube sample of effluents was acetaldehyde. 
Propanal was also identified, plus possible traces of formaldehyde and acrolein.  Other (non-
aldehyde) compounds identified included numerous glycol ethers, aniline, an p,p' methylene
dianiline (MDA).  The presence of MDA is a good indication that the original foam was a MDI-
based polyisocyanate.

Walkthrough Survey

A walkthrough survey was conducted February 20-21, 1991, to address the concerns regarding
the adequacy of the plant's breathing air supply system, an acute exposure incident involving
acrolein, and tank car pressure head cleaning and repair.

Adequacy of the Breathing Air Supply System

Four oil-lubricated electric high-pressure compressors supplied compressed air to power tools,
breathing air lines, abrasive blasting and spray painting lines, and the car cleaning area (known as
the LPG rack).  At the cleaning area, tank cars were pressurized after a water rinse as part of the
cleaning process.  Reportedly, an incident had occurred several years ago after compressed air
was used to pressurize an ammonia tank car.  An unplanned shut down of the facility's air
compressors resulted in backflow of residual pressurized ammonia gas into the breathing air
supply lines overnight.  The next morning, when the breathing air was used workers were
reportedly exposed to ammonia.
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At the time of our survey, a check valve system was in use to prevent backflow of contaminated
air from pressurized cars into the breathing air lines.  According to an employee, the current
practice is to manually test the check valves prior to connection of a car to the compressed air
system; and to replace the valve immediately if it fails the backflow pressure check.

Breathing air supply lines in the three buildings were equipped with continuous-operation carbon
monoxide alarms (Mine Safety Appliances #478850), which were set to sound an alarm at 20
ppm.  Reportedly, the alarms are calibrated monthly with 20 ppm calibration gas obtained from
the manufacturer.  At their terminus, supply lines were equipped with pressure-reducing
regulators and a filter housing with high-efficiency particulate air (HEPA) and organic vapor
filters.  The filters were reportedly changed when an odor is noticed, or every 2-3 months.

Three air compressors were located in the compressor room, one of which was in operation on
the days of the survey.  Air intakes on two of the compressors were ducted to the roof, however
the remote air intake duct on the compressor which
































































