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. SUMMARY

On April 20, 1988, the Nationd Ingtitute for Occupationa Safety and Health (NI OSH) received a
confidentid request for a Hedlth Hazard Evauation from an authorized employee representative at
the Mudler Company, agrey iron and brass casting foundry located in Decatur, Illinois. The
request concerned employee exposures to formaldehyde in the core-making room and pour deck
aress.

On July 26-27, 1988, an initid site visit was conducted to eva uate employee exposure to
formaldehyde and review medica records. Preliminary recommendations were provided in a
|etter to the Mueller Company dated August 11, 1988. Results of forma dehyde sampling
were reported to the company in aletter dated September 22, 1988. 1n an effort to assess
the effects of seasondly reduced dilution ventilation upon formadehyde levelsin the core-
making room, NIOSH returned to Mudler on December 2, 1988, to perform formaldehyde
monitoring in the winter months, medica interviews of employees and, air monitoring for slica
and metals were a so conducted.

Results of the forma dehyde exposure monitoring from the initid survey ranged from 0.32 ppm to
0.65 ppm. The forma dehyde exposures during the follow-up survey ranged from 0.27 ppm to
1.21 ppm. These persona formaldehyde exposure levels exceeded the NIOSH recommendation
to maintain forma dehyde exposures at the lowest feasible level. Three of seven exposure results
exceeded the OSHA permissible exposure limit of 1 ppm; al but two exposures were in excess of
the OSHA action leve of 0.5 ppm. Results for respirable dust sampling measured 4.34 mg/nt in
the breathing-zone of the muller operator and 1.46 mg/m? a alocation 10 feet from the front of the
muller at breathing zone height. The silica content of these respirable dust samples were 60.2% and
50.0%; yielding respirable silica concentrations of 2.43 mg/m?® and 1.38 mg/n®, respectively. The
respirable silica exposure exceeded 0.05 mg/m?, the NIOSH REL published before NIOSH
considered silicaa potentia occupational carcinogen, the OSHA PEL of 0.1 mg/m?, and the
ACGIH TLV of 0.1 mg/m?. Cristobolite was not detected in these samples. Exposure monitoring
for metas on the pour deck area measured detectable concentrations of duminum, calcium,
cadmium, copper, iron, magnesium, manganese, lead, and zinc. Exposure to cadmium, leed, and
zinc exceeded one or more of the OSHA, NIOSH, or ACGIH exposure criteriafor these metals as
fume.

Medicd interviews of workers from the core room identified symptoms of headache, snus pain,
nausea, and eyeirritation. One worker was verified as having been diagnosed with silicos's,
another worker had been removed from the core-making area for having formaldehyde-related
dermdtitis.
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Based on the environmenta air monitoring results, worker exposures to formaldehyde
and silica exceeded the NIOSH Recommended Exposure Limits and the OSHA
Permissible Exposure Limits. Exposures to meta fumes of cadmium, lead, and zinc on
the pour deck exceed the NIOSH recommended Exposure Levels, the OSHA
Permissible Exposure Limits, and/or the ACGIH Threshold Limit Vaues. However, the

workers on the pour deck wore appropriate respiratory protection. Medica complaints
included headaches, sinus pain, nausea, eye irritation, dermatitis, and a diagnosed case of
dlicoss. Recommendations to reduce the exposure potentia to formaldehyde, silica, and
metal fumes within thisfoundry are provided in Section VIII.

KEYWORDS. SIC 3362 (Brass, Bronze Casting Foundries), formadehyde, silica, cadmium,
lead, zinc, foundry.
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Based on the environmental air monitoring results, worker exposures to formaldehyde
and silica exceeded the NIOSH Recommended Exposure Limits and the OSHA
Permissible Exposure Limits. Exposures to metal fumes of cadmium, lead, and zinc on
the pour deck exceed the NIOSH recommended Exposure Levels, the OSHA
Permissible Exposure Limits, and/or the ACGIH Threshold Limit Values. However, the
workers on the pour deck wore appropriate respiratory protection. Medical complaints
included headaches, sinus pain, nausea, eye irritation, dermatitis, and a diagnosed case of
silicosis. Recommendations to reduce the exposure potential to formaldehyde, silica, and
metal fumes within this foundry are provided in Section VIII.
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1. INTRODUCTION

On April 20, 1988, the Nationd Ingtitute for Occupationa Safety and Health (NI OSH) received a
confidentia request for a Hedlth Hazard Evauation from an authorized employee representative at
the Mudler Company, agrey iron and brass casting foundry located in Decatur, Illinois. The
request concerned employee exposures to formaldehyde in the core-making room and pour deck.

On duly 26-27, 1988, an initid site visit was conducted to eva uate employee exposure to
formaldehyde and review medicd records. Prdiminary recommendations regarding materid
subdtitution, loca exhaust ventilation, biological monitoring, medica survellance, preventive
maintenance, machine guarding, work practices, persond hygiene, hazard communication, and
the establishment of a safety committee were made in aletter to the Mueller Company dated
August 11, 1988. Results of formaldehyde sampling were reported to the company in aletter
dated September 22, 1988. NIOSH returned to Mueller to perform formal dehyde monitoring
in the winter months (December 2, 1988) to assess the effects of reduced dilution ventilation
upon formaldehyde levels and to conduct sampling for slica, lead, solvent, and metd fume
exposures in the core room and pour deck. A medica evauation, conssting of employee
interviews, was aso performed at that time. A letter dated December 20, 1988, provided the
Mueler Company with summary results of the medicd interviews and additiond
recommendations for improving the work environment of the plant.

1. BACKGROUND

Mueler Company isagrey iron and brass foundry that produces valves for water and gas
digribution service. At the time of these surveys, the Mueler Company operated amulling
operation, core room, and pouring deck operation within the brass foundry. The company
prepared cores by atraditiona foundry casting process using a formaldehyde-based resin
system. The required ingredients (sand, clay, and binders) were mulled and transferred to the
appropriate packing location. The sand core was then made by placing the mulled mixture
into a core box (bench molding) or core molding machine. The sand core then passed
through a curing oven. After curing, the cores were cleaned, ingpected, and transferred to the
pour deck of the foundry.

The raw metd charge consisted of ingots, which were composed of gpproximeately 76%
copper, 12-13% zinc, and 6-7% lead. The ingots were charged into eectric induction
furnaces and melted. At the correct temperature, the melted charge was tapped and
transferred to pouring sations. On the pouring lines, the molten metal was poured into molds
and cores under loca exhaust ventilation. After pouring, the molds were adlowed to cool for a
pre-determined amount of time. The molds were transferred to the shake-out area where the
castings were separated from the mold and sand. After shake-out, cast parts were transferred
to the rough grind area, where casting surfaces were ground to remove gross imperfections.
As necessary, parts received find finishing, were assembled, and packed for shipment.
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V. METHODS
A. Environmenta Evaugion

On July 27, 1988, persona bregthing zone (PBZ), full-shift, samplesfor formadehydein
ar were collected for various jobs in the core making process of the foundry. These
samples were collected on solid sorbent media (Orbo-22 tubes from Supelco, Inc.)
using battery-powered sampling pumps calibrated at aflow rate of 80 milliliters per
minute (mL/min).

On December 2, 1988, afollow-up survey was conducted to characterize persona
exposures to formaldehyde, respirable slica, and metd fumes. This formadehyde
exposure monitoring was performed to eva uate exposures when dilution ventilation was
at aminimum (i.e. closed windows and doors) compared to the initial survey conducted
on July 26-27, 1988. Full-shift PBZ and generd area (GA) air samples were collected
to represent employee exposures to formadehyde during various jobs in the core making
process. Samples were collected as above, using solid sorbent media (Orbo-22 tubes,
Supelco, Inc.) and battery-powered personad sampling pumps caibrated at 50 mL/min.
The sampling media from both surveys was andyzed for formadehyde by gas
chromatography in accordance with NIOSH Method 25021

Two full-shift ar samples, one PBZ and one GA, were collected to represent employee
exposure to respirable dust and respirable slicawhile mixing sand in the muller. Samples
were collected using 10 millimeter (mm) nylon cyclones (Mine Safety Appliance Co.)
and FWSB filters in two-piece cassettes with battery-powered persona sampling pumps
cdibrated to 1.7 liters per minute (L/min). Gravimetric analyss for respirable dust was
done in accordance with NIOSH Method 0600. The method was modified as follows:
1) Thefilterswere stored in an environmentaly controlled room (21+3 C and 40+3%
RH) and were subjected to the room conditions for along duration to effect sabilization.
Therefore, the method's 8-16 hour time for stabilization between tare weighings has been
reduced to 5-10 minutes. 2) Thefilters and back-up pads were not vacuum desi ccated.
A modified verson of NIOSH method 7500 was used to anayze the samplesfor silica
(quartz and cristobalite) by X-ray diffraction.! The modificationsincluded dissolving the
filtersin tetrahydrofuran rather than ashing them in afurnace; and running standards and
samples concurrently with preparing an externd cdibration curve from the integrated
intengties rather than using the suggested normalizetion procedure.

Five PBZ full-shift samples were collected for metals in the pour deck area. Sampling
was performed using 0.8 micron (UM ) pore-size 37 mm mixed cdlulose ester (M CE)
filters in three-piece cassettes with battery powered sampling pumps calibrated to 1.7
L/min. Samples were analyzed using inductively coupled plasma emission spectroscopy
(ICP) in accordance with NIOSH method 7300.*

A Draegger colorimetric detector tube was used to collect and analyze an air samplein
the core making area for phenal.

Smoke tubes were used to test the efficacy of ventilation hoods by tracing the direction
of arflow at the entrance and exit ends of the curing ovens.
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B. Medicd Evaudion

The medica records of workersin the core-making and pour deck areas were reviewed
during the initia survey. Individua workers from the core-making area were interviewed and
physicaly examined by a NIOSH physician during the follow-up survey. Based on the record
review, it was determined there was no need to interview workers from the pour deck area.

V. EVALUATION CRITERIA

A. Environmentd Evdudion

Asaguideto the evauation of the hazards posed by work place exposures, NIOSH
field saff employ environmentd evauation criteria for the assessment of a number of
chemicd 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 aworking lifetime without experiencing adverse hedlth effects. It is, however,
important to note that not al workerswill be protected from adverse hedth effectsif their
exposures are maintained below theselevels. A smal percentage may experience
adverse hedlth effects because of individua susceptibility, apre-existing medica
condition, and/or a hypersenstivity (allergy). In addition, some hazardous substances
may act in combination with other work place exposures, the generd environment, or
with medications or persona habits of the worker to produce hedlth effects even if the
occupationa exposures are controlled to the level set by the evaluation criterion. These
combined effects are not often considered by the evauation criteria. Also, some
substances are absorbed by direct contact with the skin and mucous membranes, and
thus potentidly increase the overdl exposure. Findly, evauation criteriamay change
over the years as new information on the toxic effects of an agent become available.

The primary sources of environmenta eva uation criteriafor the work place are: 1)
NIOSH Criteria Documents and Recommended Exposure Limits (RELS)?, 2) the
American Conference of Governmentd Industria Hygienists (ACGIH) Threshold Limit
Vaues (TLVSs)?, and 3) the U.S. Department of Labor, Occupational Safety and Health
Adminigration (OSHA) Permissible Exposure Limits (PELs)*. The OSHA PELs may
aso be required to take into account the feasibility of controlling exposuresin various
industries where the agents are used; the NIOSH-recommended exposure limits, by
contrast, are based primarily on concerns relating to the prevention of occupationa
disease. In evauating the exposure levels and the recommendations for reducing these
levels found in this report, it should be noted that industry islegdly required to meet
those levels specified by an OSHA PEL.

A time-weighted average (TWA) exposure refers to the average airborne concentration
of asubstance during anormal 8- to 10-hour workday. Some substances have
recommended short-term exposure limits or ceiling vaues which are intended to
supplement the TWA where there are recognized toxic effects from high, short-term
EXPOSUres.
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Formaldehyde

Formaldehyde is a colorless gas with a strong, pungent odor detectable at low
concentrations. It is commonly utilized as formalin, an agueous solution containing 37-
50% formal dehyde by weight.> It iswiddy used in the production of resins, in the
manufacture of many other compounds, as a preservative, as a Serilizing agent, and as an
embaming fluid.®

Exposure to formal dehyde can occur through inhaation or skin absorption.” The primary
non-carcinogenic effects associated with forma dehyde exposure are irritation of the
mucous membranes of the eyes and respiratory tract, and alergic sengitization of the

skin. Thefirg sgns or symptoms noticed on exposure to formadehyde, at
concentrations ranging from 0.1 to 5 ppm, are burning of the eyes, tearing, and genera
irritation of the upper respiratory passages. However, there appears to be a great ded

of variation among individuas, both in terms of their susceptibility and tolerance.

Dermatitis due to skin contact with formal dehyde solutions and forma dehyde-containing
resnsis awell-reco%nized problem. Both primary skin irritation and dlergic dermatitis
have been reported.” Dermdtitis may gppear afew days following the commencement of
work or may not appear for anumber of years following exposure.”

In two separate studies, formaldehyde has induced arare form of nasal cancer in rodents
following repeated inhaaion exposure®® Concern over the possible human
carcinogenicity of formaldehyde has prompted severd epidemiologica studies of
workers exposed to formadehyde. An association between formal dehlyde exposure and
cancer of the upper respiratory passagesin humans has been reported.’® Inthis
proportionate mortality study of workers exposed to formaldehyde in the garment
indudtry, statisticaly significant excesses in mortaity from cancers of the bucca cavity
and connective tissue were found. No cases of nasal cancer were observed, however.
In areandyss of aNationa Cancer Inditute Sudy, "a satistically nonsgnificant but
suggedtive increase for age-adjusted relative risk for bucca and pharyngea cancer
among employees with greater than 0.5 ppm average exposure in plants manufacturing
formadehyde resins’ was found.**

In 1984, Ulsamer et d. reviewed 4 animd inhdation studies. No teratogenic effects
were reported in these studies.®? No birth defects were reported in a study which
involved the application of formalin to the backs of pregnant hamsters*® No data were
found linking forma dehyde with teratogenic effects in humans. Thereisonereport in
which an increased incidence of menstrual disorders, and of complications of pregnancy
and delivery, were reported among women workers exposed to formaldehyde at a
textile factory in the USSR.1* The rdlevance of these findings has been criticized,
however, due to alack of information regarding the suitability of the control group and
potential confounding factors.™®

In April 1981, NIOSH issued Current Intelligence Bulletin 34, "Forma dehyde: -
Evidence of Carcinogenicity", DHHS (NIOSH) Publication No. 81-111.%¢ In this
bulletin, NIOSH recommends that formal dehyde be handled as a potentid occupationa
carcinogen and that appropriate controls be used to reduce worker exposure to the
lowest feasble level. This recommendation was based primarily on astudy in which
nasa cancers developed in rats and mice following repesated inhdation exposures of
gpproximately 15 ppm formadehyde. In December, 1987, OSHA published an
amended formaldehyde standard, 29 CFR 1910.1048." This standard reduced the
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PEL from3ppmto 1 ppm, asan eight-hour TWA. In addition, a 15-minute short
term exposure limit was (STEL) was set at 2 ppm. ACGIH has given formadehyde an
A2 designation, indicating that ACGIH congders formaldehyde a suspected human
carcinogen. The ACGIH TLV for formadehyde is 1 ppm as an eight-hour TWA and 2
ppm as afifteen- minute STEL. ACGIH has recently proposed a celling limit of 0.3
ppm formaldehyde in their notice of intended changes for 1990-1991.3 Thisvaue will

be reconsidered for the adopted TLV list after two years.

Respirable Particulates

Respirable dust generated during foundry work conssts of solid particles of metds,
dlica, and other materials which may be suspended in air and inhded into the deep
portions of the lung (the air sacs, or aveoli). The current OSHA PEL for respirable
"nuisance”’ dugt (particulates not otherwise regulated) is 5 milligrams per cubic meter
(Mmg/M3) of air* The 1989-1990 ACGIH TLV for tota nuisance dust, Particulates Not
Otherwise Classified (PNOC), is 10 mg/M3.2 These evauation criteria were established
to minimize mechanicd irritation of the eyes, nose, throat and lungs. Because the
particulatesin afoundry may consst mainly of silicaand metds, the nuisance dudt criteria

may not gpply.
Slica

Cryddline slica, usudly referred to asfree dlica, is defined as sllicon dioxide (S O,)
molecules arranged in afixed pattern, as opposed to a nonperiodic, random molecular
arrangement referred to as amorphous silica. The three most common forms of free
dlica encountered in industry are quartz, tridymite, and cristobdite, with quartz being by
far the most common form. The principle adverse hedth effect of cryddline slicaisthe
dust-related respiratory disease, slicoss. Silicossisaform of diffuse interdtitia
pulmonary fibross resulting from the deposition of respirable crysdline slicain the lung.
Conditions of exposure may affect both the occurrence and severity of the disease.
Although slicosis usudly occurs after fifteen or more years of exposure, latent periods of
only afew years are well recognized and are associated with intense exposures to
respirable dust high infree dlica Initsearly stages, smple slicoss usudly produces no
symptoms. However, both acute silicoss (a different disease process associated with
repeated high exposures) and complicated silicos's (progressive massive fibrosis, PMF)
are associated with shortness of bregth, intolerance for exercise, and a marked reduction
in measured pulmonary function. Diagnosisis most often based on a higtory of
occupational exposure to free silica and the characteristic appearance of the disease on
chest X-rays. Respiratory failure and premature death may occur in advanced forms
of the disease. Individuaswith slicoss are dso a increased risk of developing
tuberculosis. No specific trestment is available for slicos's, and the disease may
progress even after the worker's exposure to silica has ceased. '8
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Severd epidemiologica studies have shown an association between silicoss and lung
cancer.’¥%2L |n its 1987 Monograph on silica, the International Agency for Research
on Cancer (IARC) reviewed the data regarding crystaline silica and determined that
there is sufficient evidence for the carcinogenicity in laboratory animals and limited
evidence for human carcinogenicity.?? The data meet OSHA's definition of a potential
occupational carcinogen as defined in 29 CFR 1990. Based on this recent evidence,
NIOSH has revisad its policy on crystdline sllica exposure criteriaand has
recommended that OSHA consider crystalline silicaas a potentia occupationa
carcinogen.?

The current OSHA PEL for crystdline silica (cristobdite and tridymite) as quartz
(respirable dust) is 0.05 mg/M? as an eight- hour TWA.* The OSHA PEL for crysdline
dlica (crystdline quartz) as quartz (respirable dust) is 0.1 mg/M? as an eight-hour TWA..#
The 1989-1990 ACGIH TLVs areidentical to the OSHA PELs for these compounds.?
Because of the ubiquitous nature of exposure to crystdline silica and often concomitant
occupationa exposure (or through tobacco smoking) to one or more carcinogenic
chemicals, the greatest degree of protection could be gained by the adherence to the
NIOSH REL of 50 micrograms per cubic meter (ug/M ) (for dl forms of crystdline
dlica) which approaches the lowest quantifiable limit of detection. Thisrationde would
apply to protection againg slicosis as well as the reported potentia carcinogenicity from
exposure to certain cryddline silicas.

Lead

Inhalation and ingestion of lead dust and fume are the mgjor routes of lead exposurein
industry. Lead exposure by ingestion occurs from lead dust deposited on hands, food,
cigarettes, or other objects. Once absorbed, lead is excreted from the body very dowly.
Absorbed lead can damage the kidneys, periphera and centra nervous systems, and the
blood forming organs (bone marrow). These effects may be felt as weakness, tiredness,
irritability, digestive disturbances, high blood pressure, kidney damage, menta
deficiency, or dowed reaction time. Chronic lead exposure is associated with infertility
and with feta damage in pregnant women.

Blood lead levels below 40 micrograms per decditer (ug/dL) of whole blood are
considered to be norma levels which may result from daily environmental exposure?*
However, feta damage in pregnant women may occur at blood levels aslow as 30
pg/dL. Lead levels between 40 and 60 pg/dL in lead-exposed workers indicate
excessive absorption of lead and may result in some adverse hedth effects. Levels of
60-100 pg/dL represent unacceptable elevations which may cause serious adverse hedlth
effects. Levelsover 100 pg/dL are considered dangerous and often require
hospitaization and medica treatment.

The OSHA standard for lead in air, 29 CFR 1910.1025, mandates a PEL of 50 pg/M?
as an eight-hour TWA.?* The standard aso dictates that workers with blood lead levels
greater than 50 pg/dL must be immediately removed from further lead exposure and, in
some circumstances workers with blood leaed levels of less than 50 pg/dL must aso be
removed. Removed workers have protection for wages,benefits, and seniority for up to
18 months until their blood levels decline to below 50 pg/dL an th%/ can return to lead
work areas. The 1990-1991 ACGIH TLYV for lead is 0.15 mg/M?, as an eight-hour
TWA.2 NIOSH is currently reviewing the data on hedth effects of lead to determine
what new recommendations are warranted to protect worker hedlth.
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Cadmium

Cadmium is atoxic heavy metal which may enter the body either by inhaation or
ingestion of the cadmium meta or oxide fume. Once absorbed into the body, cadmium
accumulaesin organs throughout the body, but mgor depositions occur in the liver and
kidneys. Acute inhaation exposure to high levels of cadmium can cause pneumonia or
pulmonary edema, aswell asliver or kidney damage.®® Chronic exposure may lead to
emphysema of the lungs and kidney disease, or cancer of the prostate®® Thereisadso
limited evidence that occupationa cadmium exposure may be associated with lung
cance.

NIOSH recommends that worker exposure to cadmium be reduced to the lowest
feasible level.? The 1990-1991 ACGIH for Cadmium oxide fumeis 0.05 mg/M?3,
expressed as a celling, indicating that thisisalevel that may not be exceeded at any time
during the work day. Furthermore, there is anotice of intended changesto the TLVsto
reduce the TLV for cadmium compounds to 0.01 mg/M3, eight- hour TWA and to
designate cadmium compounds as suspected human carcinogens.® The current OSHA
PEL for cadmium oxide fumeis 0.1 mg/M? with acelling level of 0.3 mg/M?® and OSHA
isin the rulemaking process for promulgating an expanded hedlth standard for
occupationa exposure to cadmium.*

Copper

Inhalation of copper fume produces irritation of the upper respiratory tract and meta
fume fever. In workers exposed to copper fume, typica metal fume fever has been
described as lasting twenty-four to forty-eight hours.®

The OSHA PEL for copper fumeis 0.1 mg/M? as an eight-hour TWA.* The 1990-
1991 ACGIH TLV for copper fume 0.2 mg/M? as an eight-hour TWA.® The NIOSH
REL for copper fumeis 0.1 mg/M? as an eight-hour TWA..2

lron

Inhalation of iron oxide fume causes Sderos's, an asymptomatic condition often referred
to as a"benign pneumoconiosis' because of its gppearance on a chest x-ray. Exposures
of six to ten years are usudly required before changes recognizable by x-ray occur; the
retained iron materia produces x-ray shadows that may be indistinguishable from atrue
pneumoconiosis® One study of 25 welders exposed to iron oxide for an average of
18.7 years had shadows on chest x-ray consistent with siderosis, but there was no

change in pulmonary function.?’

The OSHA PEL for iron oxide fumeis 10 mg/M? as an eéight-hour TWA.* The 1990-
1991 ACGIH TLYV for iron oxide fumeis5 mg/M?® asan eight-hour TWA.® There
isno NIOSH REL for iron oxide fume.

Magnesium

Inhdation of magnesum oxide fume resultsin mild irritation of the eyes and nose.
Experimenta exposures have resulted in the development of metd fume fever, however,
there ege no reports of meta fume fever resulting from industrid exposure to magnesum
oxide.
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The OSHA PEL for magnesium oxide is 5 mg/M? for respirable fume, as an eight-hour
TWA.* The 1990-1991 ACGIH TLV for magnesium oxide fumeis 10 mg/M? as an
eight-hour TWA.® NIOSH has not recommended an exposure limit for magnesium
oxide fume.

Manganese

Foundry use of manganeseismainly iniron and sted dloys and as an agent to reduce
oxygen and sulfur content of molten sted. Manganese fumes may be aminor irritant to
the eyes and respiratory tract. Chronic exposure to manganese can lead to an extremely
disabling disease resembling Parkinsonism.®

The OSHA PEL for manganese fumeis 1 mg/M? as an eight-hour TWA, with a STEL of
3mg/M34 The 1990-1991 ACGIH TLV isidenticd to the OSHA values® NIOSH
has not recommended an exposure limit for manganese.

Zinc

Zinc metd isused in gavanizing, dectroplating, in dry cdls, in dloys, and aszinc oxide in
pigments. Inhaation of zinc oxide fume causes an influenzatlike iliness termed metd
fumefever.® An attack usualy subsides after Six to twelve hours, but may last up to 24
hours; usudly with complete recovery. Most workers develop a resistance to these
attacks, but it is quickly logt; attacks tend to be more severe on the first day of the
workweek.

The OSHA PEL for zinc oxide fumeis 5 mg/M? as an eight-hour TWA, with a STEL of
10 mg/M3.4 The 1990-1991 ACGIH TLV for zinc oxide fumeisidentica to the OSHA
vaues® The NIOSH REL for zinc oxide fumeis 5 mg/M? as aten-hour TWA, with a
15 mg/M? ceiling vaue?

Phendl

Phenal enters the body through skin absorption, inhalation, and ingestion. Phenal isan
irritant to the eyes, skin, and mucous membranes. Systemic effects of absorption include
convulsons, aswedl as kidney and liver damage. Signs and symptoms can develop
rapidly and lead to serious consequences, including shock, collgpse, coma, convulsions,
cyanosis, and death.

The OSHA PEL for phenal is5 ppm as an eight-hour TWA.* The 1990-1991
ACGIH TLV for phenol isidentical to the OSHA vaue2 The NIOSH REL for phenol
is5.2 ppm as aten-hour TWA, with a 15.6 ppm ceiling limit.2

VI. RESULTSAND DISCUSSION

A.

Environmenta

Results of the formal dehyde exposure monitoring from the initid survey (July 27,1991)
ranged from 0.32 ppm to 0.65 ppm as shown in Table 1. The resultsindicate that
formadehyde exposure levels for the various jobs in the core making process exceeded
the NIOSH recommendation to maintain exposures to the lowest feasible levd. Eight-
hour time-weighted average (TWA) persond breathing zone (PBZ) exposures for the
"4-D" operator (0.60 ppm) and one core cleaner (0.65ppm) exceeded the OSHA action
levd of 0.5 ppm.
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Results for forma dehyde monitoring conducted during the follow-up survey (December
2,1988) are shown in Table 2. These 8-hour TWA PBZ exposures ranged from 0.27
ppm for an employeein core storage to 1.21 ppm for the "4-D" Operator. Two genera
area (GA) arr samples collected at the exit end of the curing oven on the CB5 machine
and at the north wal from thismachinefound 1.32and ~ 1.39 ppm respectively.
These results show that reduced naturd dilution ventilation (windows closed) of the work
gpace did affect employee exposures, and that employee exposures to formadehyde
exceeded the NIOSH recommendations to maintain exposures below the lowest feasible
level. Theresultsin Table 2 show that several employees were potentidly exposed to
levels of formaldehyde in excess of the OSHA permissible exposure limit of 1 ppm, and
that al but two exposures were in excess of the OSHA action leve of 0.5 ppm.

Smoke tube measurements conducted on both vigtsindicated that the loca exhaust
ventilation (LEV) system performance had improved from theinitid stevist. Smoke
tube eva uation of the LEV hoods on the curing ovens showed improved capture and
remova of gases generated by the process during the second vigit. This may have been
the result of no cross drafts from the windows being closed and/or the discontinued use
of pedesta comfort fans. However, the increase in forma dehyde concentrations within
the core-making room areaiin the winter indicates that the LEV systems on the ovens
were not effective in reducing formal dehyde exposure.

Phenol was not detected by the colorimetric tube method in any of the areas sampled in
the core-making room.

Respirable dust and respirable silica samples (one PBZ and one GA) were collected in
the muller operation during the December 2, 1991, survey. The muller operator was not
required to, nor did he, wear respiratory protection. Results for respirable dust
sampling measured 4.34 mg/M?2 in the PBZ sample on the muller operator and 1.46
mg/M? a alocation 10 feet from the front of the muller at breathing zone height. The
slicacontent of these respirable dust samples were 60.2% and 50.0%; yielding

respirable silica concentrations of 2.43 mg/M?2 and 1.38 mg/M?3, respectively. The PBZ
respirable silica exposure exceeded the NIOSH REL of 0.05 mg/M3, the OSHA PEL of
0.1 mg/M3, and the ACGIH TLV of 0.1 mg/M? for respirable silica. The samples were
aso andyzed for cristobolite; the result for al samples was non-detectable,

PBZ samples for metals were collected during the December 2, 1991, survey on the pour-
deck of the foundry area. Five samples were collected; 1 on a furnace operator, 3 on
"ladlemen”, and 1 sample on a utilityman. All workers, except one ladleman, were wearing
powered-air-purifying respirators. Results for metals are summarized in

Table 3. The samples were andyzed for the following minerds and metds. Aluminum (Al),
Arsenic (As), Baium (Ba), Bayllium (Be), Cadmium (Cd), Cdcium (Ca), Cobalt (Co),
Chromium (Cr), Copper (Cu), Iron (Fe), Lithium (Li), Magnesum (M g), Manganese (M n),
Molybdenum (M o), Nickel (Ni), Lead (Pb), Phosphorus (P), Plainum (Pt), Selenium (Se),
Siver (Ag), Sodium (Na), Tin (Sn), Tdlurium (Te), Thdlium (TI), Titanium (Ti), Tungsten
(W), Vanadium (V), Yttrium (), Zinc (Zn), and Zirconium (Zr). Only results for those
minerals and metds detected (Al, Ca, Cd, Cu, Fe, Mg, Mn, Pb, and Zn) on the samples are
reported in Table 3. Eight-hour TWA's for Al fume ranged from 0.02 to 0.03 mg/M? and
were considerably less than the exposure criteria of 5.0 mg/M3. Cawasfound on al 3
samples with eight-hour TWA concentrations ranging from 0.04 to 0.06 mg/M3; the results
were consderably less than the OSHA, NIOSH, or ACGIH exposure criteria. Eight-hour
TWA'sfor Cd fume ranged from less than the limit of detection [1 microgram per filter
(ugffilter)] to 0.03 mg/M?3, with 3 of the 5 samples having detectable levels. All 3 samples
exceeded the NIOSH REL of lowest feasible level (LFL) and the ACGIH TLV of 0.01
ug/M?3 for Cd. The results for Cu fume indicated exposure potentia ranged from eght-hour
TWAs of 0.02 mg/M?3 to 0.06 mg/M3; which is below the exposure criteria of OSHA,
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NIOSH, and ACGIH. Eight-hour TWA concentrations for Fe fume ranged from 0.05 to
0.59 mg/M3. These Fe results are considerably below the OSHA, NIOSH, and ACGIH
exposure criteria. The results for Mg fume on al five samples was 0.01 mg/M? as eight-hour
TWA's, and is considerably less than the exposure criteria of 10.0 mg/M3. Mn was found on
2 of the 5 samples with eight hour TWA concentrations of 0.02 and 0.12 mg/M?; these
concentrations are less than the exposure criteriaof 1.0 mg/M3. Employee exposure potential
to Pb fume ranged from 0.04 mg/M? to 1.0 mg/M? (eight-hour TWA's). It should be noted
that the Ladle Operator on the iron pour deck was not wearing a respirator resulting in actua
exposure at the OSHA PEL of 0.05 mg/M3. The OSHA PEL of 0.05 mg/M?3 was exceeded
in 3 out of 5 samples and approached the PEL in the other 2. Eight-hour TWA'sfor Zn fume
ranged from 0.30 mg/M? to 11.5 mg/M? exceeding the OSHA PEL, NIOSH REL, and
ACGIH TLV in 3 of 5 samples.

B. Medicd

During the initid survey on July 27, 1988, the NIOSH physician reviewed medica
records of approximately 20 workers from the core room area. These records were
maintained by the occupational medica consultant to the company. The records
indicated complaints of dermatitis, upper and lower respiratory tract irritation, and
symptoms of mucous membraneirritation. Results of urine formic acid, a metabolite of
formadehyde, were recorded for severd individuads. Although the monitoring for urine
formic acid in formadehyde exposed workers was adjusted for creatinine, appropriate
controls (non-exposed workers) were not chosen or monitored, pre- and post-exposure
urine specimens were not collected, and adjustments for smoking and egting habits were
not made. Therefore, it was fet the information from this medica monitoring was of little
utility in evauating worker's forma dehyde exposure.

During the December 2, 1988, survey gpproximately 12 workers were interviewed to assess
the types of symptoms experienced in the core room area. Complaints included headaches,
snus pain, nausea, and eyeirritation. One worker was identified as having been diagnosed as
having slicosis. Another worker reported having been removed from the core-making area
for formadehyde-rdaed dermatitis. Also from the medica interviews, it was determined that
immunologica testing had been performed using an enzyme linked immunosorbent assay
(EL1SA) to detect antibodies to formadehyde. The medica records of these individuas were
examined and verified these reported conditions.

CONCLUSIONS

Based on the results of the personal exposure monitoring, worker exposures to forma dehyde and
slicaexceeded (for certain jobs in the core-making area) the OSHA PELSs, NIOSH RELs, and the
ACGIH TLVsfor these agents. Forma dehyde exposure was shown to increase within the core-
meaking area during the winter months when the windows were shut and natural dilution ventilation
was minima. From the metal fume monitoring conducted on workers on the pour deck ares, it was
determined that exposure potentia existed for the metals Ca, Cd, Cu, Fe, Mg, Mn, Pb, and Zn.
Exposure potentid for the metas Cd, Pb, and Zn were found to exceed (for certain jobs) the
respective OSHA, NIOSH, or ACGIH exposure criteria; however workers in these jobs did wear
the appropriate respiratory protection therefore actual exposure to metal fumes were lower. Hedlth
symptoms and complaints of workersin the core-making area were found to be compatible with
formadehyde and slicaexposure. At least one worker probably had silicosis and one worker was
identified with dermatitis that was believed to be related to forma dehyde exposure.
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VIll. RECOMMENDATIONS

The following recommendations were offered & the conclusion of theinitid Ste vist and
remained rdevant after the follow-up survey.

1. Theposshility of substituting a"low free-formaldehyde" resin binder for the resin binder
currently used should be thoroughly explored by the Mudler Company. The resin binder is
undoubtedly the source of
the forma de found in the core room environment. Successin reducing the amount of

forma dehyde from this source will certainly reduce the forma dehyde exposure potentidl.

2. Formadehyde exposure potentid can aso be reduced by the implementation of
appropriate engineering controls. Theloca exhaust ventilation sysem (LEV) indaled
on the ovens should be evauated for design efficiency. These LEVswere shown, with
smoke tubes, to be improperly ingtdled (the LEV hoods at the end of the ovens) and
inefficient in removing oven gases (both the intra-oven exhausts and end of oven
exhaust hoods). A copy of the NIOSH Recommendations for Control of Occupational
Safety and Hedlth Hazards - Foundries, which contains ventilation diagrams and
recommendations gppropriate for foundry operations at the Mueler Company was
provided to the plant Sefety Director following theinitia survey.

3. Until further sudies demondrate its utility, the routine use of urine formic acid asan
indicator of formaldehyde exposure is not recommended. The information which could
possibly be derived from this technique is substantially confounded if the samples are
not adjusted for creatinine, proper controls are not selected, pre- and post-exposure
samples are not collected, and information on smoking and egting habits are not
evauated. Forma dehyde exposures should be evauated by indudtriad hygiene
monitoring until adequate control measures are implemented.  Also, continued medica
aurveillance is recommended. A copy of the recommended medica surveillance
program for forma dehyde workers was provided to Mudller following theinitia survey.

4. Thehot shel core machine should be properly maintained and/or equipped with
shidding or guards to minimize the dust generated by this machine. 1t was gpparent that
the operator of this machine is exposed to congderable amounts of dust (silica) and that
this exposure could eadily be reduced with controls. Exposure monitoring for silica
should be conducted on the shell core operators, muller operator, mold box workers,
and shake-out workers.

5. Sdafety guards should beingalled on the core pressesto prevent possible injury to the
fingersand hands. As currently operated, these presses present pinch points to the
operator.

6. Severa work practices were observed which should be modified or avoided to further
reduce exposure potentiad. The doors of the muller mixer should be kept closed during
mixing and when materids are not being added to the mixer. The mixer operator
should be ingtructed in the proper way to add materid to the mixer without increasing
his exposure by placing his bresthing zone in the mixer opening. The hot shell core
operator should be ingtructed in the proper way to spray on the core release agent so
that this process does not result in overspray on the skin or back-spray into the
operator's face. The use of man cooler fans should be evauated for each process and
the proper use of these fans reviewed with employees. During the first survey, severd
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fans were improperly positioned and were ether contributing to the worker's exposure
and/or defesting exhaust ventilation systems.

Eating, drinking, and smoking should not be permitted in the core room. These practicesin a
foundry core room can contribute to an employees potentid for exposure. At the very
minimum, workers should be required to wash their hands and face prior to egting or
smoking.

A written hazard communication program needs to be developed in accordance with OSHA
regulaions. Since the company had the applicable regulation, the requirements of the program
were discussed and severa optionsin administering the program were suggested at the time of
theinitid survey.

A joint management/union safety committee should be established to investigate, react, and
respond to hedlth and safety issues outlined in these recommendations. One individud
should be respons ble and accountable for the overal hedth and safety program for the

company.

Environmental sampling and blood lead monitoring should be continued in accordance with
frequencies specified in the OSHA Lead Standard. The current biologic monitoring program
is adequate for monitoring blood lead levels. NIOSH did not evauate the
medica surveillance program for, or worker exposureto slicaand lead. However, to assist
the Mudler Company and its employees, a copy of arecommended medica surveillance
program for sllicawas provided to the Safety Director following theinitid survey. The
OSHA required medica program for lead exposed workersis found in 29 CFR 1910.1025.

The housekeeping in the muller area needs to be improved to reduce exposure potentid to
dlica The sand spillage and fugitive silica dust should not be adlowed to buildup in the area.
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XI.

ok R

DISTRIBUTION AND AVAILABILITY OF REPORT

Copies of this report may be fregly reproduced and are not copyrighted. Single copies of this
report will be available for aperiod of 90 days from the date of this report from the NIOSH
Publications Office, 4676 Columbia Parkway, Cincinnati, Ohio 45226. To expedite your request,
include a self-addressed mailing label aong with your written request. After thistime, copies may
be purchased from the Nationa Technicd Information Service (NTIS) 5285 Port Royal Road,
Springfidd, Virginia 22161. Information regarding the NTIS stock number may be obtained from
the NIOSH Publications Office at the Cincinnati.

Copies of thisreport are being sent to:

Confidential Requestor.

Mueller Company, 500 West El Dorado, Decatur, Illinois 62525.

Milan Racic, Health and Safety Director, Allied Industriad Workers of America, 3520 West
Oklahoma Ave., Milwaukee, Wisconsin 53215.

Occupationd Safety and Health Adminigtration (OSHA) Region V.

lllinois State Department of Hedlth, Springfield, Illinois.

For the purposes of informing affected workers, copies of this report shall be posted by the
employer in a prominent place ble to the employees for aperiod of 30 caendar days.



TABLE 1
PERSONAL FORMALDEHYDE EXPOSURE LEVELS
Mueller Company Foundry

Decatur, lllinois
Jduly 27, 1988
HETA 88-240
Sample Time Sample Volume Formadehyde
Job Title (Minutes) (Liters) Exposure-ppm*
Mueller Oper. 434 34.8 0.47
"4-D" Oper. 431 33.6 0.60
Core Cleaner 435 35.1 0.65
CB5 Core Maker 437 36.4 0.49
Core Cleaner 438 33.7 0.38
Laempe Oper. 401 32.0 0.33
Bench Core Maker 433 35.3 0.32
Set-up; Auto. 432 43.7 0.40
Exposure Criteria NIOSH REL LFL**
ACGIH TLV 1.0
OSHA PEL 1.0

*ppm - parts of formaldehyde per million parts of air.
**LFL - lowest feesble limit.



TABLE 2
FORMALDEHYDE EXPOSURE LEVELS
Mueler Company Foundry

Decatur, lllinois
December 2, 1988
HETA 88-240
Sample Time Sample Volume Formadehyde
Job Title (Minutes) (Liters) Exposure-ppm*
Mueller Oper. 446 22.2 0.48
"4-D" Oper. 455 23.0 1.21
Core Cleaner #1 455 22.0 0.96
CB5 Core Maker 451 227 1.18
Core Cleaner #2 453 22.7 1.03
Laempe Oper. (not operating during this survey)
Bench Core Maker 454 227 0.53
Set-up; Auto. 458 21.0 0.94
Generd Areal
CB5 Core Oven 376 19.9 1.32
Generd Ared
North WAl 400 17.8 1.39
Exposure Criteria NIOSH REL LFL**
ACGIH TLV 1.0
OSHA PEL 1.0

*ppm - Parts of formaldehyde per million parts of air.
**LFL - lowest feasible limit.



Table3

Monitoring Resultsfor Metals and Minerds

The Mudler Company Foundry, Decatur, Illinois

December 2, 1988 / HETA 88-240

Sample Sample
Time Voume | 0 e Air Concentration of Metals mg/m™ ------
Job Title (Minutes) (Liters) Al Ca Cd Cu Fe Mg Mn Pb Zn
Ladle Operator**
Iron Pour Deck 419 930 0.02 0.06 ND | 0.06 0.59 0.01 0.12 0.05 0.22
Ladle Operator
Brass Pour Deck 409 818 0.03 0.05 0.04 0.05 0.05 0.01 0.02 1.00 115
Ladle Operator
Brass Pour Deck 408 816 0.03 0.04 0.02 0.04 0.08 0.01 ND | 047 6.31
Furnace Operator 406 812 0.02 0.05 ND | 0.02 0.12 0.01 ND | 0.04 0.30
Utility Man 415 830 0.03 0.04 0.02 0.05 0.07 0.01 ND | 055 9.89
Evauation Criteriaimg/nt)
OSHA PEL 5.0 5.0 0.10 0.10 10.0 10.0 1.0 0.05 5.0
NIOSH REL 5.0 2.0 LFL | 0.10 5.0 1.0 *kx 5.0
ACGIH TLV 5.0 2.0 0.05 0.20 5.0 10.0 1.0 0.15 5.0

*Symbols for Metals: Al=Aluminum, Ca=Calcium, Co=Cobalt, Cu=Copper, Fe=Iron, Mg=Magnesium, Mn=Manganese,
Pb=Lead, Zn=Zinc.

mg/m® = milligrams of metal per cubic meter of air.

** - Did not wear powered air purifying respirator; al other individuals sampled did wear respirator.

ND = Non detected.

LFL = Lowest Feasible Limit

*** . NIOSH is currently reviewing the data on hedth effects.




