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INDUSTRIAL HYGIENE OF SELECTED HEAVY METALS

The industrial hygiene of heavy metals consists of recognition, evaluation, and control of
exposures in the occupational environment. Several of these metals have been in use since
ancient times. Reports of health effects and poisonings from overexposures also have a long

history.

Lead

Lead was recognized as an occupational hazard in the first century. Lead is used in many
industries to produce metal products, pigments, chemicals, and ballasts. More than 100
occupations have been listed by the National Institute of Occupational Safety and Health
(NIOSH) as potentially exposed to lead. Some, such as brass and bronze foundry workers,

smelter workers, and painters, are old occupations in which overexposures still occur.

Where exposures occur in a factory production environment, control can usually be achieved
by enclosing the operation and/or providing local exhaust ventilation. However, in field work
and construction more reliance on personal protective equipment such as respirators is

needed.

Figure 1 - Lead handling in a warehouse, with respirator use.

Figure 2 - Torch-cutting a lead-contaminated iron shielding block.

Figu’e 3 _ Lead exposu’es at a fi’ing range. The submitted manuscript has been authored

by a contractor of the U.S. Government
under contract No. W-31-109-ENG-38.
Accordingly, the U. S. Government retains a
nonexclusive, royalty-free license to publish
or reproduce the published form of this
contribution, or allow others to do so, for
U. S. Government purposes.
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In fact, recent attempts at containing lead for environmental protection are, leading to high
potential for exposures to workers engaged in removing paint from bridges, tanks, and water
towers. This is one of the "hot topics” in lead exposure control. Several reports have been
made of multiple hospitalizations for lead poisoning at lead paint removing operations. The
problem occurs because this op.ration is conducted using high-powered abrasive blasting
machines. Figure 4 - Photo of water tower with containment skirt in place. When ‘t‘hiqs work
is conducted inside enclosures designed to prevent environmental contamination, very high

lead concentrations can result which overwhelm the normally used respiratory protection.

- Figure 5 - OSHA occupational lead exposure limits.
Figure 6 - Reported lead concentrations inside containment enclosures.
Figure 7 - Table of protection factors for NIOSH-approved respirators.

Figure 8 - Photo of new type of mini-enclosure for lead abatement work,
courtesy of Datanet Engineering, Inc., Baltimore, MD.

This new mini-enclosure is claimed to be "state of the art" in controlling lead exposures from
these projects. A small tubular enclosure is constructed over part of the tank and is
ventilated to give about 200 fpm airflow through the working tunnel. A large blower/filter
unit on the ground separates the reusable steel shot and collects lead paint dust into barrels.
Compared with about 175 tons (18 container trucks) of lead-contaminated silica sand from
an older method, lead waste is concentrated into about eight 55-gallon drums. The lead is

concentrated enough for possible use as lead smelter feedstock.
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It should be noted that workplace exposure to lead is covered under two rather detailed
regulations: 1910.1025, covering lead exposure in General Industry, which went into effect
February 1, 1979; and 1926.62, applying to construction activities, which went into effect

June 3, 1993.

Figure 9 - Main provisions of Construction lead standard.

Mercury

Mankind’s use and exposures to mercury goes back past written history when cave dwellers
used the red mercury sulfide ore cinnabar to make drawings on cave walls. Uses through
the ages produced a rich history of applications, including reddening the face of a statue of
Jupiter in Rome to binding gold leaf to copper objects. Early in the history of this country
it was used as a nitrate solution for dipping furs to make them pliable for molding into hats.
Poisoning was so common around Danbury, Connecticut, that mercury disease was known
as the Danbury shakes, because of its attack on the nervous system. Today mercury is

claimed to have over 3,000 different uses.

Exposureshad ended in some applications due to regulatory restrictions, including application

of organic mercury compounds to preserving seeds and as a mildew preventative in paint.
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Figure 10 - Saturation concentration, 0-30°C.

A major problem in controlling exposure to mercury is that it is the only metal liquid at room
temperature and has a significant vapor pressure. This graph shows the mercury saturation
concentration from 0-30°C.

Figure 11 - Saturation concentration of mercury, multiples of TLV.

Accumulation of spilled mercury in plants which have wooden flooring or other work
surfaces with many cracks and crevices, combined with inadequate ventilation, can produce

excessive exposures.

Figure 12 - Mercury in Thermometer plant.

Mercury vapor exposures in a thermometer manufacturing plant are shown in Figure 12.
Concentrations were well in excess of the 50 ug/m® TLV. Elevated urine mercury levels
were also found (up to 344 ug/g creatinine). Medical findings included static tremor and
difficulty walking hee! to toe.

Figure 13 - Mercury vapor concentrations in dental offices.

Mercury is used to make an amaigam with silver/copper/tin for dental fillings. Spills can

contaminate carpeting, vacuum cleaners, and the workroom air.



IH of Heavy Metals
8/12/93
Page 5 of 8

Figure 13 shows mercury vapor concentrations found in 88 dental offices. Other surveys

have estimated that 5-10% of dental offices have concentrations exceeding the 1993

Threshold Limit Value of 50 yg/m®. Figure 14 - Shows range of concentration found in a

single dental office.

Control of mercury exposure requires careful attention to housekeeping, good ventilation,
and monitoring of air concentrations, which is normally done with portable direct-reading
instruments. Figure 15 - Shows a gold film mercury vapor monitor (Arizona Instruments).
This device collects mercury on a gold film and calculates the concentration in air by the

change in resistance of the film. The film is regenerated for reuse by heating. Mercury

vapor can also be collected on solid media and sent for lab analysis.
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Cadmium

Figu~e 16 - Occupational Cd Exposure Sources

Cadmium is a widely used metal which has caused numerous poisonings and deaths due to
. occupational overexposure. Exposure to cadmium oxide fume by inhalation causes irritation
of deep lung tissue, which can lead to chemical pneumonia. Serious or even fatal exposures
can occur without warning or irritation. Symptoms of shortness of breath can be delayed
for hours after exposure ceases. Typically, exposures occur due to use of a welding or
cutting torch on cadmium-plated bolts or parts, or in remelting scrap metal plated with
cadmium. Cadmium is also widely used in silver solder and applications such as electric
heating apparatus and air conditioning/refrigeration tubing. Cadmium is added to improve
the flowability of the solder and may be present in the 20-25 percent range. | have
conducted many surveys for cadmium at silver solder operations in industrial plants and
found that cadmium is easily volatilized during the torch use. Unless loca! exhaust
ventilation is carefully applied, it is the rule rather than the exception that exposures above
the OSHA limit will occur. A new OSHA standard on cadmium exposure, which went into
effect this year, established the current Permissible Exposure Limit at 5 ;ug/m3 of air (as Cd)

for cadmium oxide fume.

Long-term exposure to levels of cadmium too low to produce a chemical pneumonia may
produce damage to the kidney as a primary target organ. This is a more widespread problem

than the acute form of chemical pneumonia.

Figure 17 - Lists major provisions of the OSHA cadmium standard.
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Manganese

Manganese is an important component in steel making and several other industries.

Figure 18 - Lists some of the more common uses of manganese.

Manganese has many valuable uses but is also treacherously toxic on overexposure and has
produced many poisoning cases over the years. Acute poisoning deaths in the form of
manganese "pneumonia” were reported as early as 1937. Chronic poisoning is a more
common concern today. One of the primary targets is the nervous system. Brain damage
can result in symptoms resembling Parkinson’s disease. In fact, the drug L-dopa has been

used to treat manganese poisoning as well as Parkinson’s disease.

The current OSHA standard for manganese is 5 mg/m®, with a 1 mg/m? limit for fume. One
standard setting organization (American Conference of Governmental Industrial Hygienists,
which produces the Threshold Limit Values) has announced an intended change of their
standard to 0.2 mg/m® for elemental and inorganic manganese compounds.

Figure 19 - Pouring steel.

Pouring steel alloyed with manganese presents a potential for excessive exposure.
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~ Figure 20 - Scarfing steel.

Likewise, torch cutting can generate high levels of fume, creating a potential hazard if the
alloy is high in manganese. Welding rods used for hardfacing repair of earth-moving blades
and rock crushers can contain a significant percentage of manganese. Last year the relative
of an employee was hospitalized with mysterious neurological symptoms. He had worked
several months at a hardfacing welding project. We were able to confirm the manganese
content of the welding rods through the material safety data sheet. This was passed on to

the patient and his physician. A diagnosis of manganese poisoning was later confirmed.

Figure 21 - Summary of exposure standards for Pb, Hg, Cd, Mn.

These examples have only touched the surface of a vast literature of information available
on the hazards of exposure to these and other toxic materials. In most cases the problem
is not so much the lack of knowledge of the toxic effects, or of sampling and analytical

procedures, but of effectively disseminating this information to those responsible for

controlling the workplace environment and those directly involved in doing the work.
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