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FOREWORD

A Control Technology Assessment (CTA) team consisting of members of Dynamac
Corporation, Enviro Control Division, met with representatives of
Jak-Mitsur Carporation 1n Hoosick Falls, New York, on February 17 and 18,

1982, to conduct an indepth survey on the technigues used to control worker
exposure to mercury. Participants 1n the survey were

Dynamac Corporation

Donatoc Telesca, Manager, Engineering Department
Robert Reisdorf, Industrial Hygienist
David D'Qrlands, Environmental Engineer

Qak-Mi1tsu1 Corporatton

Anthony Butkas, Manufacturing Manager/Director of Safety
William Hall, Quality Control Manager

Joseph Rizzo, ¥ice President/General Manager

Dion Finnegan, Process Engineer

William Morgan, Project Engineer

Susan Taber, Quality Control Technician

Lou1s Schneider, Manufacturing Manager

The indepth CTA survey was completed in 2 days. The study n¢luded
personal and area a sampling and detailed inspections of mercury controls,
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INTRORUCTION

CONTRACT BACLKGROUND

The Mercury Control Technology Assessment Study has been 1nitirated to
assess the current technalogy used to protect warkers from exposure to
mercury. The objective 1s to 1dentify the methods employed by industries
1n controlling worker exposure to elemental mercury and mercury compounds.
A result of the study will be the publication of a comprehensive document
describing the most effective means to control] emissions and exposures.
Thas report wi1ll be avarlable to companies that handle mercury 1n order to
transfer technology within the major mercury-using industries. The study
w111 also 1dentify areas where additional research 15 necessary.

JUSTIFICATION FOR SURVEY

The Qak-Mi1tsur Plant was selected for an indepth survey because of the
containment and control of mercury used as an electrical contact. The
plant has addressed a farmer mercury praoblem by continuously mpliementing
engineering controls and work practices specifically designed to reduce
warker expasure to mercury.

SUMMARY OF INFORMATION OBTAINED

An opening conference was held during which the objectives of the program
were discussed with plant representatives. A tour of the copper fo11
manufacturing operation was made and information on mercury controls was
obtained from the safety director and plant engineers. Area and personal
monitoring was conducted 1n the process areas. Historical information cn

control wmplementation and urine-mercury levels was obtained.



PLANT DESCRIPTION

Oak-Mi1tsur, a division of Oak Products, Inc.,lgcated 1n Hoesick Falls, New
York, manufactures copper fo11 for use in the production of printed circuit
boards, The company began production wn 1976, when 1t occupied an old
foundry and converted 1t 1nto a manufacturing facilaty. The facility
occupies approximately 60,000 sguare feet and consists of production rooms,
quality control laboratories, and office space. The production buildings
are constructed of brick and have wooden ceilings and cancrete floors.
Major renovations and process changes 1mplamented for mproved mercury
control were cooling jackets for mercury wells, local exhaust for mercury
wells, and substitution of rotary contact devices for some mercury wells., A
major mercury ¢leanup 1nvolving vacuuming and decontamination was conducted
from August to October of 1980 follewing corporate awareness of a mercury
exposure problem.

The plant operates two 12-hour shifts per day, 7 days a week., There are 160
people employed at this faciiity, 16 of whom work 1n areas where there 15 a
potential for exposure to mercury.



PROCESS DESCRIPTION

High purity copper foil wsed for laminate 1n printed circuit boards 1s
praduced 1n an electrodeposition process at this facility. The production
process (Fiqure 1) begins with the dissaiving of scrap copper in a copper
sulfate solution. The solution 18 pumped to a storage tank and on to a
head tank where 1t 1s combined with additives to aid n forming specified
copper grain structures. From the head tank, the solution 15 gravity fed
ta a series of plating drum units where copper jons are removed from
solutian as free copper by electrodeposition.

Each plating drum unit consists of a concrete cell to cantain the copper
sulfate solution, a lead annde, a rotating titanium drum (cathode), and a
winding roll. A& gurrent 15 passed through the solution by establiishing a
valtage potential between the lead anode {submerged in the sclution) and
the drum cathode {whych rotates so that part of 1ts surface 31s submerged 1n
the solution), As the drum rotates slowly, the copper plates out on the
drum surface as a continuous forl. The forl 15 peeled off of the drum and
1s wound on a variable speed winding roll. When sufficient fei1l has been
wound on a rell, the roll 15 removed from the plating drum unit and 15
stored 1n preparation for spectal treatment.

The rotation of the cathode drum necessitates the use of a rotating
electrical contact between the buslines and the drum. The contact 1s
established by using elemental mercury as a continuous contact between the
rotating copper shaft of the drum and the electrical connections. A poo?
of mercury, termed a "mercury well,” 1% situated at one end of the rotating
drum shaft. Attached to the shaft 1s 2 series of copper discs that rotate
through the mercury pool so that constant contact 15 maintained with the
mercury (Figure 2).
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The drum side of the copper fo1l1 sheet 15 smooth textured far optimal
electrical and mechamical performance. The opposite side 1s rough textured
so that 1t may be surface treated for mproved lamination qualities. This
treatment nvolves depositing additional free copper on the rough surface
of the fo1l and then stawnproefing 1t. The process 1s proprietary and 1%
conducted on specially designed treating machines.

The treating process nvolves charging the copper fei1l with an electrical
current by establishing a potential across the seolid copper rollers used fo
move the foi1l through the machine. To pass a current through the roller, a
continuous electrical contact stmlar to the mercury wells on the drum
shafts 1s needed at each end of the rotating roller shaft. The plant used
mercury wells unti11 1980 to establish continuous contact between electrical
buslines and the shaft. Presently, mechanical rotating contact devices are
used for ele¢ctrical contact. The amount of current needed for treating
applications 1s significantly lower than that needed for plating.

After the rclls of copper fo1l are treated, they are annealed to increase
flex strength. The fo11 15 then sTit to the proper width, wrapped, weighed,
covered, and shipped. Residual foi1l 15 recycled to the grander with the
sCrap copper wire,

Mercury n the contact wells must periodically be cleaned and replenished.
Approximately once a month, small quantities of mercury {less than 150
pounds) are removed from the wells, filtered through gauze cloth, and
passed thraugh 20 percent nitric acid solution to remove 1mpurities. The
mercury 15 then returred tc the wells. The filter unit s a 4-1inch
polyvinyl chloride cotunm with a drain Tine on the bottom to remove the
purified mercury that settles below the acid level. The gauze pad 1s
disposed of as hazardous waste.



MERCURY CONTROL TECHNIQUES

PROCESS SUSSTITUTION

Rotary Contact Devices

Plant representatives determined that the mercury wells that are used as
continuous contacts for rotating shafts 1n the "treating" process were the
swingle source that conmtributed most significantly to the high mevcury vapor
concentrattons in the production area. Plant engineers found that heavy-
duty rotary contact devices were commercially available that were capable
of providing a current of up to 2000 amps to a rotating shaft. These
devices completeiy eliminated the need far mercury wells 1n the treating
process and therefore glimnrated mercury containment problems 1n the

treatment room.

Two tynes of rotary contact devices are empioyed at the facility. One type
15 the TWECO Roto-ground (Figure 3}, a heavy-duty rotary grounding device
typrcally used 1n welding applications, [t consists of an annular shaped
head and a shaft (both are made of copper) that fits around the rotating
shaft and has a tension-adjusting bolt to maximize operating efficiency.
Fach head and shaft 1s provided with grease-cup lubrication, The plant
formerly used copper-containing grease as a conductive lubricant between
the Roto-ground and the shaft. They presently use a graphite~-containing
grease that provides the same conductance while reducing housekeeping
problems typically associated with the copper grease. The Roto-ground can
be used 1n series of one to three heads on each end of the rotating shaft,
depending on the range of electrical current desired. The total cost of
substi1tuting Rote-grounds for mercury wells was reported to be
approxymately $9,000.

The gther type of rotary contact device used 15 a Japanese-manufactured NR
ser1es collector ring contact (Fiqure 4). The contact 15 made of a series
of SAE 40 bronze rings that fit over the rotatwng shaft. The number of



Figure 3 TWECO Roto-grounds Mounted on a Rotating Shaft.
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Figure 4, Japanese-Manufactured Collector Ring Contact.
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mnternally mounted metal hrushes for continuous contact with the shaft,
The plant has found that this rotary grounding device performs superior ta
ihe Roto-ground, but 1t 1s not possiable to it all treating machines with
the AR series contacts due ta physical Timitatrons. Plant engineers are
currently evaluating anather series of all-purpase collector rings with
copper alloy brushes (Figure 8). These units are manufactured 1n the
IIn1ted States by Industrial Electric Reels.

TEMPERATURE CONTROL

The plant has found that rotating contact devices capable of handling higher
current loads at acceptable efficiences are not currently avariable
commercially. Therefore, mercury wells must sti1l] be used for continuous
contact with the rotating shaft of the plating drum. The mercury wells
were a major source of mercury vapeor contamination because the temperature
of mercury n the wells could be as high as 82 C (180 F} depending ¢n the
equipment and operating conditions. The normal operating range 15 27-82 C
{80-180 F). As mercury read1ly vapori1zes at higher temperatures, plant
efforts were focused on reducing these temperatures. Thi1s was accomplished
by cooling the wells with chilled water. A1l new wells purchased were
constructed with stainless steel water jJackets on three sides., Older wells
were reworked to accommodate a cooling system by driylling holes through the
well body to act as channels for the chilled water,

The cooling system consists of a water hold tank, two pumps operating 1n
parallel, a chiller bundle, and a c¢losed Toop pipe network that feeds each
mercury well and returns the water through a manifold back to the hold tank.
The cost of the cooling system 15 approximately $18,000, A city water

header s tied into the system to be used n the event that the chiller 1s
noperative. The system provides a flow of 1 gallon per minute of ¢hilled
water 4.4-10 C (40-50 F) that maintains mercury temperatures between 15 and
26 C (60 and 80 F}.
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Figure 5. U.5.-Manufactuored Caliector Ring.
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Controlling the temperature of mercury to an average of 21 C (70 F) rather
than at 27-82 C {80 F to 180 F) can reduce the vapor pressure by a factor
of 13. This reduces the resulting mercury vapor concentration (due to
vaporization at the wells) to levels that may be controlled through
standard exhaust ventilation procedures.

LOCAL EXHAUST VENTILATION

The mercury wells on the plating drum units are enclosed and ventilated by
a specially designed local exhaust system. The purpose of the mercury
vapor ventilation system 15 to draw air from the mercury wells and then
nto a mercury f1lter. Each well has a Plexiglas cover with a flexible
duct connected to a manifold (Figure 6). There are two manifolds, one for
each s1de of the drum plating units. The manifolds exhaust 1ntec a Calgon
Vent-sorb f11ter {Figure 7). The two fi1lters are cennected to a common
blower that draws the aw through the entire system. The blower 15 a DR &
Roton blower rated at 100 cubic feet per minute {cfm). The f1lter media n
the Calgen VYent-sorb (approximately 150 pounds wn each unit) consists of
Pittsburgh Type HGR, a sulfur-impregnated activated carbon specially
designed for removing mercury from air, hydrogen, and other gases. The HGR
contains 13 percent elemental sulfur that 1s distributed throughout the
parcus carbon granules. The carbon has a high surface area (5 mi1111on
square feet per pound}, which enhances the medyum contact with the
airstream, As the mercury vapor 1n the exhaust stream passes through the
fi1lter, 1t reacts rapidly with the sulfur to form mercuric sulfide.

Care must be taken so that the flow of awr thrpugh each filter does not
exceed 50 cfm, since a minimum contact twme 15 required for efficient
mercury removal. The filter media 15 replaced when mercury vapor
concentrations at the discharge of the blower exceed 0.1 mg/m3 (as
measured with the Jerome Mercury Vapor Detecter}. The units have been
on-11ine for a year, and replacement of the HGR has not yet been necessary.

The cost of the exhaust ventilation system (and also the mercury well
cooling Jackets) was reported to he approximately $50,000.
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Figure 6. Ventilated Enclosure over Mercury wWell.
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PERSONAL PROTECTIVE EQUIPMENT

Persenal protective equipment for contrel of exposure to mercury 15 not
used at this facili1ty on a plantwide basis. Plant representatives feel
that the engineering controls recently implemented adeduately control
exposure to mercury 1iduid and vapor, Certain activities may have a high
potential for exposure to mercury. These activities include: mercury
add1ttan, emergency sp11l cleanup procedures, and temperature checking by
the drum operateors, during which the mercury well enclosures are opened.
For these activities, workers wear rubber gloves and a respirator {3M
#3707, awr-purifying, half-face, dispoesable repirator containing 1odine-
mpregnated charcoal as the primary adsorption medium). In addition, all
operators wear cloth uniforms that are changed daily.

WORK PRACTICES

Of the production operators, only the drum operators are considered to have
a high potential for exposure to mercury., Other operators have little or
no opportunity to contact mercury or to be near open mercury. Mercury

hand1ing procedures are summarized below.

e Only trained persconnel may handle mercury.
e Personal protective eguipment must be worn,

¢ Smoking 1s not allowed during the mercury handling progess, smoking
15 allowed wn most areas of the plant except wn the vicinity of the
drums .

# Hands must be washed thoroughly after handling mercury.

The above procedures must alsc be followed 1n the cleanup of accidental
sp11ls of mercury. 5Sp111s are cleaned up using a vacuum cleaner equipped
with a charcoal filter for the removal of mercury vapor.

Specialized housekeeping procedures designed to contral mercury are not used
at this facrlity. Plant representatives have found general housekeeping
procedures (routtne c¢leaning of floors and walkways with soap and water) to

be sufficient 1n controlling worker exposure to mercury. HgXR, a mercury
vapor suppressant, was used at this facility previously as part of the
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housekeeping program; howsver, plant representatives feel that 1ts use did
not result 1n an apparent lowering of mercury vapor concentrations.

MONITORING PROGRAMS
Brological Monitoring

Drum operators are monitered pertodically {usually monthly) to determine
the concentrations of mercury in their urine. Treater operators and
maintenance workers, who have less potential for expasure, are momitored on
an occasional basis {several times per year). Twelve-hour [full-shift)
composite urine samples are collected. Analyses are conducted at an
outsrde laboratory.

The uripe-mercury level at which actian (removal from job ar other adminis-
trative cantrol) would be taken 1s 100 micrograms per liter {ug/L}. This
tevel has been set by the plant's consulting physician. Current biological
monttoring records show that all workers have urine-mercury concentrations
well below 100 ug/t. Generally, workers' urine-mercury concentrations have
been steadily decreasing since mid-1980, when the engineering controls were
introduced,

Atr Monitoring

Periedic air monitoring 1s conducted using a direct reading rnstrument
{Jerome Mercury Yapor fetector). A review of plant ar monitoring shows a
significant reduction 1n mercury vapor concentraticns throughout the facil-
1ty between August 1980 (when controls were first implemented) and the time
of th1s survey. Selected plant menitoring data are presented n Table 1.

Personal momtoring to determine the time-weighted average (TWA) exposure

of drum operators and treater operators to mercury vapor 15 conducted on a
week 1y basis., Monitoring 15 conducted using the Jderome Gold Lo11 Mercury
Yapor Dosimeter connected to sampling pumps. The results af this manitoring
alsc show a steady decline 1 worker exposure since engineering controls
were nstituted. Selected data collected by plant representatives are
presented 1n Table 2.
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TABLE 1

Results of Area Monmitoring
(Summary of Plant Monitoring Data)

Average Concentration (mg/m3)

Location 8/80 (8)* 1/81 (9) 1/82 {3}
Drum 1 0.08 0.04 ¢,013
Orum 4 D.2] 0.03 0.016
Orum 7 0,20 0.04 ¢.014
Orum 10 0.14 0.03 0.015
Drum 13 0,19 0.04 0.022
Drum 16 D.06 0.05 0.019
Treater D.19 0.02 0.0603

*Numbers 1n parentheses 1ndicate number of samples taken at each location.

TABLE 2
Results of Personal Monmitoring

{Summzry of Plant Monitaring Data)

Drum Operator
Cancentration (mgfm3)

Treater (perator
Concentration {mg/m3)

Date Range Average Range Average
7780 0.059-0.070 0.065 (3)* 0.076-0.189 0.116 (3)*
8/80 0.0718-0.058 0.039 (4) 0.092-9.292 0.182 (5)
2/81 0.038-0,072 0.06C {3) 0.018-0.03¢ 0.022 (3)
3/81 0.025-0.029 0.026 (4) 0.006-0.011 0.007 {3)
1/82 0.011-0.021 0.016 (4) 0.003-¢.013 0,007 {4)

*Numbers 1in parentheses indicate number of samples taken at each worker's
breathing zone.
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SURVEY DATA

Personal and area samples for mercury vapor were ¢ollected during the site
visit using sampling pumps and Hopcalite as the adsorption medium. For
personal samples, the Hopcalite tube was attached to the ¢olilar of the
employee. The flow rates, set at 75 m] of air per minute, were determined
using a buret (soapbubble meter) both before and after sampling. Analysis
of samples was done by flameless atomic absorption. Sample resulis are
presented 1n Table 3.

TABLE 3

Results of Personal and Area Monmitering (2/18/82)

Fuli-Shift TWA

Employee/Location Concentration (mg/m<)
Drum (perator A 0.024
Brum Operator B 0.026
Area Sample - Drum 6 (near Mercury well} 0.022
Area Sample - Drum 15 [near Mercury well) 0.005
Area Sample - Treater Room 0.018

Results are 1n close agreement with plant personal and area monitoring
sanple results, {Note that plant samples are collected using dosimeters
and are analyzed on the Jerome Mercury VYapor Detector by the plant quality
control technician.) The highest TWA perscnal exposure measured during the
survey was 0,026 mgfm3. The Decupational Safety and Health Administration
( (BHA)} Permissible Exposure Limt (PEL) for mercury vapor 1s 0.1 rng..r’m3

(as a TWA). Area sample results were sumilar te personal sample results.
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CONCLUSIONS

Based on sampling results and review of historical data, 1t 1s apparent
that 0ak-Mitsur has achieved and 1s maintaining mercury vaper levels below
the QSHA PEL of 0.1 mgfm3 (as a TWA). MWarkplace concentration of mercury
vaper approached and at times exceeded the 0OSHA PEL before controils were
applied. Recent plant data indicate personal exposure wn the range of
0.003-0,021 mg!m3. These levels have been achieved through a four-phase
approach consisting of a full-scale mercury cleanup, a substitution for
mercury wherever passible, temperature control for mercury, and enclosure
and ventilation of mercury point sources.

This was gne of the few facilities studied that did not rely on dilution
ventilation for mercury control. This 15 because the mercury sources are
gasiey to contain 1n this type of manufacturing operation than they are 1n
many others., There are numerous advantages to not having to 1nstall
dilutrgn ventilation systems to reduce mercury vapor leveis, The most
mmportant advantage 15 the cost savings for installation and conditioning
air. On cold days, this plant 1s able to shut down 1ts awr supply system
with no negative i1mpact on mercury vapor levels.

The use of the mechanica?l rotary contact devices, 1n addition to reducing
workplace concentrations of mercury vapor, has also significantly reduced
mercury usage, resulting in a cost henefi1t, However, the application of
the contral 15 Timited to those wndustries that use mercury as a means of
production rather than as a raw material for production.

Temperature control and vented enclosures are appliicable to many mercury-
using industries and are currently widely used for this purpose.
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