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ABSTRACT

To document hazard controls in industrles which use and process mercury, a
study was condocted by NIOSH which surveyved metheds used to controel worker
exposure to mercury, A total of 28 aite visita were invelved in the atudy
and individual case study reports from these visits will be available from
NTIS. Industries visited included battery manufacturing, temperature-
sensing lnstrument manufacturing, fluorescent lamp manufacturing, electrical
switch manufacturing processes using mercury, mercury chemical processing
and production, and dentistty.

Rasulte of this survey indicated that local exhaust ventilation, temperature
control, and work practices are all efifective techniques for contrxeolling
glercury vapor. Also observed reutinely in most sites visited were
biological monitoring programs. In most cases, alrborne mercury vapor
levels measured during the surveys were Wwell helaw the GSHA PEL aof 100
ug/m?, and in some instances, the levels were below the NTIOSH recommended
level of 50 ugfm3. Specific daspects of the various control methods

studied are presented,
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I. INTRODUCTION

Control technology is being developed and implemented in response to in=
creased awareness of the need to prevent occupational exposure to hazardous
materlals. The Natlonal Tustitute Eor Occupational Safety and Health (NIQSH)
1s involved in studying and premoting the development of contreol technelogy
that is effective in reducing occupaclonal hazards. Since 1976, NIOSH has
sponsored control technolopy assessments {n the plastics and resins i1adustry,
primary and secondary smelting aperatioms, foundries, pesticides manufactur-
ing, drycleaning operations, tire manufacturing, raw cotton processing, pulp
and paper processing, ceal converslen processes, and other processes, The
ptimary objective of these studles 1s to assist industry in 1mproving worker
protection, particularly when problems arise or when new health standards are
promulgated,

Increased Interest in the health effects resulfing from exposure to mercury
and mercury compounds led to the decision te survey the controls currently in
use to reduce this exposure. The curtrent Occupational Safety and Health
Admindstration (OS5HA) permissible exposure limit (PEL) is 0,1 mgfm3 a8 an
8~hour time-weighted average (TWA). NIOSH recommends that the TWA exposure
limit be reduced to 0.0S mg/m?. The American Conference of Governmental
Industrial Hygienists (ACGIH) bas recommended a Threshold Limit Value (TLV) of
0,05 mgfm3 as an 8-hour TWA for all forms of mercury except alkyl, and Q.01
mg!m3 for alkyl compounds.

Major industries and activities in which mercury is used as a raw material or
as a means af production include battery manufacturing, thermometer manu-
facturing, mercury switch manufacturing, fluecrescent lamp manufacturing,
chlor—-alkali production, electroplating, metal sinterlng, electrical stan-
dards manufacturing, bactericide/fungicide manufacturing, catalyst manufac-
turing, pharmaceutical manufacturing, pazint manufacturing, mercury ptocess-—
ing, and dentistry. (Dentistry, for the purpose of this study, 1s also re-
garded as an industry.)

The material presented 1in this document is a compilation of informationm
gathered from 28 site visits to 24 faciliries. The number of gite vigits
conducted in each Industry were:

Battery Manufacturing

Temperature—Sensing Instrument Manufacturing
Fluorescent Lamp Manufacturing

Electrical Switch Manufacturing

Elactrical Processes Using Mercury

Mercury Chemical Processing/Productinn
Dantistry

[atIE= LRV B L3 WE W IR T Y

These alktes were selected en the basls of good, transferable contrel concepts
and practices. They do not, therefere, constitute 2 randomly selected sample
of mercury-using industries, and conclusions regarding the general extent of
exposure to mercury should not bBe drawn from this study.



In addition to the data gathered from industry, information on biclogical
monitoring programs was obtalned from Leonard Goldwater, M.D., of the Duke
Medical Center. A text of this discussion is avallable from NIOSH.

Projected usage for the year 1985 (Table I-1) shows that gver 82 percent of
the total T.S5. mercutry demand willl be from Eour industrial sectors: the chlor-
alkali, dental, electrical equipment, and industrial instruments industries,

TABLE I-1

Projected U,3, Mercury Demand by End Use for 1985

Amount
Industrial Sector {metric tous) Percent of Total

Chlor-alkalii 482 % 23
Dental 129 Y
Electrical Equipmeunt 662 32
{includes battery lamps)
Industrial Instruments 447 21
{aincludes switches and thermometers)
Other 371 18

TOTAL 2,091 100

*This amount may be affected by the develapment of new technologies
in chlor-alkali manufacturing,

Source: Bureau of Mines, 1980,

Thie survey 15 designed to identify and assess control methods used In
mercury-using industries for reducing worker exposure ta ilnorganic mercury,
The information will kelp provide an information source for (1) new plants
designing a mercury control strategy and (2} existing facilities attempting to
reduce exposure to mercury through the improvement of current controls or the
implementation of new controls. Information is presented to assist a company
or organization In selecting a control scheme according to its specific
needs. Possible control limitations and disadvantages are also presented, to
help i1ndustries avoid the Installation of ineffective control systems. A
level of detail 1s presented such that a competent designer could use the
concepts and practices described as a source of data to help implement
effective contrals. The report is not intended to supplant the baslc design
and engineering skills which are necessary to translate controls from one
specific context to another one, however, nor 1s 1t likely that all available
controls are included in the report.
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This report 1s Intended to be a useful toel for industrial hygilenists, plant

engineers and managers, and labor organizations. It describes petential pro=
blems assoclated with the use of mercury in industry, and presents some con-

ttel methads available te avoid these problems. The document is presented in
three major sectlons

Health llazards in Industries Using Imerganic Mercury

This section introduces the reader to the health effects in humans from
exposure to different forms of mercury, It also describes hiochemical
mechanisms by which the mercury dnteracts with the human body,

Mercury Applications in Speecific Industries

This section describes the role of mercury in seven different industries.
Generic process descriptlons are presented along with data on typleal air-
borne mercury concentratians assoclated with the unit operations of the
processes, The potentilal mercury vapor, liguid mercutry, and wmercury parti-
culate emission sources are presented in 2 matrix with the generic control
methads typically used to control these emissions.

Control Methods

Thie section dotuments the controls used to reduce worker exposure to mer-
cury and its compounds, The methods applied to control the emission soutces
and dispersion of mereury discussed in the previcus section are described in
more detail. These control methods are presented in the recommended order of
approach that an organization should take to reducre worker exposure. BSome
possible advantages and disadvantages of the specific controels are listed
along with the potential applications in other industries. Alsce included in
this section are the personal protective equipment, work practices and

training, and ailr monitoring methods employed in achieving and documenting
reduced worker exposure to mercury,

The final section of the report outlines conclunsions and recommendaticns for
further study of mercury controls and gew applications for existing controls,

The informatiom generated in this study is the result of onsite surveys
conducted at various mercury-using facilities. Additional or more detailed
information on the controls studied 15 contained in the individual site visit
reports, which may be obtained on a limited basis from the Engineering Control
Technology Branch of the National Institute for Qccupational Safety aund
Health, Division of Physical Sciences and Engineering, 4676 Columbia Parkway,
Cincinnati, Ohio 453226, These reports will be placed in the Natlonal
Technical Information Service {(NTIS)} In the near future, and requests should
be directed to this data base as a prineipal scurce for these reports,



II. SCOPE QF WORK

For this study, mercury is defined as elemental mercury, lmeorganic mercury
compounds, and organic mercury compounds other than ethyl or methyl mercury.
The purpose of this study 1s to.

o document methods used in controlling worker expesure to mercury

o estimate the effectiveness of these methods of control

o describe controls that are in the planning stages at facilicies

surveved,

The control metheds within the scope of this study are:

Engineering controls - eliminatien by substitution, equipment design
changes, devices to control hazardous emissions, process modification,
isolation of the worker, isolation of equipment, and plant design.

Personal protective equipment - respirators and protective clothing worn
by workers to reduce physical contact with mercury.

Work practices — procedures prescribed by manapgement to reduce worker
eXposure (o0 mercury.

Monitoring programs - the determination of control effectivenasss and
actual worker expodure through aitr sampling and biological monitoring .

The investigation of mercury controls was conducted during preliminary and
ln—depth surveys. Preliminary surveys were made to determine the controls
that warranted additional investigation, Information on these controls was
obtained during in-depth surveys that included control documentation and air
sampling t¢ help determine control effectiveness,

Selection of plants for surveys was based on literature search, chemical
inventory search, infermation obtained from academic experts and union
contacrs, and discussions with plant representatives.



II1T. HEALTH HAZARDS IN INDUSTRIES USTNG INORGANIC MERCURY

A. CHEMICAL AND PHYSICAL PROPERTIES OF MERCURY

The primary source of mercury is cipnabar ore, Its chemical symbol is Hg froem
the Greek word, hydrargyros, “water silver”. Mercury is a silvery, mobile
liquid at room temperature which explains its synooym, gquicksilver, Its
molecular weight 1s 200,06, boiling point {76 mm Hg) is 357C°C (674°F),
specific gravity (waler=1l) is 13.55, melting point is =39°C (-389F), vapor
pressure at 209C (68°F) is 0.0012 am Hg, and solubility in water (g/100g
water at 20°C (689F)) is 0.002 Mercury is a good conductor of elec—
traicity and has coefficient of cublcal expansion of 181.86 at 209C (&89F).
Metals, other than irton and platinum, will digsolve in mercury. Mercury is
not combustible, but when in contact with acetylene, acetylene products, or
ammonia gases may form solid products that are seneitive to shock and can
initiate fires of combustible materials. Mercury ie odorless and has no
warning properties.

B. WORKER EXPDSURE TC MERCURY

The primary route of exposure to mercury in the workplace is hy the inhalation
of vapor or particulate mercury. Mercury may also he introduced into the body
threough dermal abscrption and ingestion,

The spread of mercury (particularly the elemental form) from contaminated
hands te other parts of the body (including halr and clething) may increase
inhalation exposure toe mercury vapor by creating a "microenvironmental expo-
sure” (Stopford et al, 1978). A characteristic of this mieroenvironment is
that mercury vapor 1s ususlly present at higher concentrations in the breath-
ing zane of the worker than in the surrounding workplace aiv. Consequently,
when determining worker exposure, perferming orly area menltoring may not
provide an accurate indication of exposure. In addition, comparison of area
values with the Threshold Limit Value {(TLV) or PEL for mercury may provide a
false indication of safe exposure.

The physical properties of mercury may make identification of sources of
worker exposure difficult. For example, elemental and particulate mercury can
be carried throughout a facllity on workers' shoes and clothing and may he
subsequently deposlited on walkways, stalrs, and floors, Mercury may alse
concentratre i1n cracks and crevices, especlally in untreated wood and uncoated
cement surfaces. Once dispersed throughout a plant or concentrated in cracks,
elemental mercury, and to some extent Inorganiec salts of mercury, continues to
vaporize intc the workplace. Consequently, when evaluating exposure at a
facility, all of these factors, as well as the industrial process belng
evaluated, must be considered,



. HEALTH EFFECTS OF MERCURY EXPOSURE

Toxic effects of chemical agents depend on the exposure situation (route of
administration and the duration and frequency of exposure), the susceptibllity
of the subject (age, sex, etc,)}, and the chemical and physical properties of
the agent, In the case of mercury, the chemlcal form to which the worker is
exposed 15 particulariy important. The following forms of mercury are
commonly wsed In industry

0 elemental mercury
o inorganic mercury compounds

¢ organic mercuty——a diverse group of compounds including alkyl,
alkoxyalkyl, and phenyl mercurial compounds. ({Coverage in this report
is limited to the nonalkyl mercurial compounds.)

Inhalation exposure 1s a primary concern when working with elemental mercury
(Hg). The vapor pressure and hilgh lipid solubility ¢f mercury allows it to be
readily retained and absorbed 1in the lungs. Conversely, absorption from the
gastrointestinal tract is very poor and normally does not coantribute
appreciably to cccupational exposure (Hanmmond and Beliles 198G).

Examples of inorganiec mercurial compounds commonly found in industry for which
control information 1s presented in this report Include:

0 Mercurlc oxlde (HgO)——a red or yellow, water-insoluble powder. The
finer particles ( 3 mlcrometers) appear yellow, and the larger
particles are reddish, It {s an Important mateirial in the battery
1ndustry.

© Mercuric sulfide (HgS5)--a red, water~insoluble material that reacts
with oxygen at low heat to produce metallic mercury aznd 503,

© Mercuric chloride {(HgCly)-—a highly toxic, water-soluble powder or
crystalline substance, used in the preparation of mercuric oxide.

The basie blochemical mechanism whereby {norganie mercury coampounds produce
adverse health effects is not completely understood. However, their toxlcity
appears to depend on their dissociation capability In body fluids with all
compounds prebably acting by a aingle basic mechanism. The primary mode of
action may be the association of Hg™ with membrane permeability and meta-
bolic enzyme systems via bluding te essentlal sulfhydryl groups, thus dia-
rupting enzyme activity. Chronic mercury polsconing due to continued exces-—
g§ive exposure compounds may result io kldney damage (Hammond and Beliles 1980).



Phenylmercuric acetate (PMA) 1s a common phenyl mercurial for which control
information is presented lu this repert. PMA 1s a highly irritating white
crystalline material that Is slightly velatile at reom temperature, sliphtly
sgluble in water, and readily scluble in alcohel. Like other members of its
class, the readily blodegradable PMA reacts in the body with sulfbydryl
groups, thus interfering with essential cellular function., The toxic actrvity
of these chemicals is essentially the same as that described for the inorganic
mercurial chemicals (i.e., the action of the Hg't cation).

Acute expesuTe to mercury at high levels causes severe regspilratory irritation,
digestive disturbances, and marked renal damage; chronic mercurialism, the
form of intoxication most frequently caused by occupational exposure, is
characterized by neurologic and psychiec disturbances, anorexia, weight loss,
and stomatitis. Skirn absorption of Inorganic mercury probably adds te the
toxic effects of vapor inhalatfon. Intraperltoneal injecticon of metallic
mercury in rats has produced sarcomas. Exposure of humans to mercury vapor in
concentrations of 1,2 to 8.5 mg/m3 causes cough, chest pain, and dyspnea,
leading to bronchitis and pneumonitis, At low levels, the onset of symptoms
resulting from chronic exposure 1ls insldious, fine tremors of the hands,
eyelids, lips, and tongue are often the presenting complaint. Coarse jerky
movements aud incoordination may interfere with the fine movements comnsidered
necessary for writing and eating. Psychic disturbances such as insowmnia,
Irratability, and indecision occur, headache, excessive fatigue, anorexia,
digestive disturbances, and weight loss are common, stomatitls with excessive
salivation 18 sometimes severe, muscle weakness has been reperted. Pro-
teinuria may accur, but is relatively infrequent. Mercury has been reported
to be capable of causing sensitization dermititis.

The 0OSHA PEL for mercury is based on the observation that, as the concentra-
tion of mercury vapor increases to approximately Q.1 mgfmj, the frequency of
the neuropsychiatriec symptoms among workers increases significantly. The
NIOSH-recommended limit of 0,05 mg/mj was selected based on evidence of

toxicity at concentrations below 0,1 mgfm3 {NIOSH 1973}.



1V. MERCURY APPLICATICHS IN SPECIFIC INDUSTRIES

Generle descripticons of the mercury applicatlons studied are presented in
this seectlaon Each description is fellowed by a matrix of potential mercury
emissions and the control methods used to reduce worker exposure, Workplace
air concentrations of mercury, which were determined during some onsite sur-—
veys, are also presented.

A. BATTERY MANUFACTURING

Mercury and mercury compounds are wsed in the manufagture of button,
zing-carbon, and alkaline cells.

1. Button Cells

4 typical button cell, commonly used to power digical watches and hearing
alds, consists of a cathode, ancde, electrolyte, insulators, and a contain-
ing can. Both the cathode and ancde contaln mercury.

. ¢Cathode Production

The cathode is a pellet consisting of a mixture of mercuric oxide, cadmium,
and graphite., These powdered components are elther added manually or metered
through a hopper to a V-blender or planetary mixer, After blending, the
minrure 1s densified using a process called “stugging” in which the mixture
is compacted 1nto tablets by an enclosed rotary pressing device. The tab-
lets are then ground into uniformly sized particles and are pelletized to a
specified size and density using a rotary press. Materials transfer from
mixing to pelletization is by closed hoppers, Pellets are consolidated into
small metal cans ( 0,5 inch in diameter) in preparation for assembly.

b. Anode Production

The znode is a zinc-mercury amalgam produced by blending zinc powder with
elemental mercutry. Components are metered into an enclosed blender from
hoppers or hold tanks. The resulting amalgam, which is dried and screened
to produce uniformly sized particles, is used in powdered or tablet form.
Tablets are made by pelletizing the amalgam in a rotary press.

c. Gell Assembly

Assembly of the mercury cells is performed on either an automatic or
semizutomatic process line. The cathode (can and pellet), anode {powder ar
tablet}, electrolyte, and a top cover are assembled and sealed with a
crimper. Other components, such as an insulator, an absorber, and a
barrier, are added to the cell as reguired by design specifications.




Z. Zinc=Carbon Cells

a, Cathode Production

Zine-carbon cells contain an electrolyte produced by mixing mercuric chlor-
ide powder With a zinc chloride solutiom. Mercuric chloride is added to the
solutfon menually, The electrolyte is blended into a dry cathode base mix
consisting of zinc oxide and other proprletary components, The resultiong
moist cathode base mix has a consistency similar to brown sugar.,

b. Cell Assembly

The cathode mix, which is transferred to a cell assembly area, is injected

inte paper—lined zinc cans. Mercury In the mix migrates through the paper

liniag and amalgamates with the zioc can, serving 28 a corrosion inhibitor,
A carbon peucil {anode)} is pressed through the center of the mixture, and a
support washer is placed inside the can to contain the mixture. Asphalt is
used to seal the cell, and a4 wetal cap is added to the top of the can, The
top of the can is crimped closed around the metal cap, completing the cell

assenbly.

3. Alkaline Cells

Alkaline cells are made with an anode gel containing zinc-mercury amalgam
and a cathode consiating of manganese dioxide and graphite. Mercury i1s used
to suppress the generation of gas in the cell and to 1mprove the discharge
rate,

4 Ancde Productien

Anode gel 15 produced by mixing Zine oxide, liquid mercury, al electrolyte
solution, and a gelling agent in a large blender. The blender is operszsted
under vacuum.

After blending, the gel {s allowed to stand for a gpeclfied time, is manually
fed into a grinder to 2liminate lumps, and then is transported to a cell
agsembly srea.

b. Cell Assembly

The cell assemhly process hegins with the Insertion of a prefotrmed cathode
(an anmular, compacted mizture of manganese dioxide and graphite) inte a
steel can. A paper cylinder 1s inserted In the cathode along with a speci-
fied amount of electtolyte solution, and the anode gel i1s dispensed manually
or automatically inside the ecylindexr. Current coliectors are placed on top
of the cell, the gan is crimped closed, and the completed cell is enclosed
In a hattery casing,

Sampling Results, Fmission Sources, and Control Methods

The results of sampling at three battery manufacturing plants surveyed are
presented in Table IV-1, As this table shows mercury workplace area samples
were below the 05HA PEL and RIOSH recommended level in most of the battery
manufacturing process areas visited during the surveys, with two exceptions.
(1} button ecell cathode production areas; where mercury particulate
concentrations in both slugging and conscolidation operations typleally
averaged greater than the PEL, and (?) alkaline cell anode (amalpgam/gel)
production areas, where mercury vapor concentrations, as reported by the
manufacturers, may exceed the PEL,




TABLE IV-1

Workplace Alr Concentrations of Mercury
in Three Battery Manufacturing Facilities

AREA SAMPLES

Mercury Yapor

Farticulate Hercuryj'}

Tyne of Concentration imqfrn3h Typa of Concentration [m3/m Comnents
Sample Location Samp Te Hange Mean Sample Kange Mean
Autton Cells
Cathode production ||Direct 0 020-0 100 (12} ¢ 062 || Full-shift 50 12 Full-twme use of respirators
51udging Rrading Twa required
Cathode productian||Direct 0 0800 050 (5) ¢ M5 Full-shift »0 12 Full-time use of respirators
copsoldation Rrading THA required
Cell as_s.ernh'ly Full-shift | © 0110 D3l [4) 0 024 Full-shatt | o DOR-0 006 [4) 0 Dpud
THA, THA
finc-Carbon £ells
Cathode mrxing w3 Full-smift |<0 0DZ-0 DOS (2] 0 003
THA
Cell assembly N3 Full-shift | @,002-¢ 003 (2) a ou2
THA
Alkaline Cells ]
Anode production Fuil-shift »0 12 HM Full=time use of respiraters
gel preparation Tld Teguired

Ikumbers 1n parentheses tngicate number ot sanples taken

€fased on 1aforitat10n supplied by Lhe piant

“Not measured, however, not expected to be a signmifwant hazard under existing conditions.
Lower Tymt of detectyon used in calculating maan Concentrations
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Typical emission sources and the methods used to control them are presented in
Table IV~2.

TABLE TIV-2

Mercury Emission Sources and Control Methods for Battery Manufacturing

Control Methads

Hercury Emisstion Sourcés{Concerns

Farticulate emission

during leading of X 4 X X X X X

mizers and bBlenders
Cathode

Particulate emission
trom grinding, slug- X 1 X % X
9ing, pelletiring

Yapor emissian
Trom blendiny, dry- X x b X 4 b X
g, pellebizing
Anade
Productian

Particulate emis510n

feom drying, screening, X X ¥ H L]
pelletizing

Yapur cmissinn

from argduct X XL x X X A

components
Cell

Assembly

lermal contact
with mzrcury during X
assombly

B, FLUDRESCENT LAMP MANUFPACTURING

Elemental mercury is used in manufacturing fluorescent lamps. The production
of the lamps begins with the preparation of the lamp tube. Precut glass
tubes are loaded onto a coating machine. The tubes are washed to remove im-
purities, dried with hot air, and coated with a ligquid phosphor emulsien that
deposits a film on the i1nside of the tube. Additives in the coating are re-
moved by passing the tubes through an oven. Thie results in a thin laver of
dry phosphor compound on the ieside of each tube.
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Mount assemblies are fused Lo each end of the glass tube. Each assembly
conelsts of a funnel-shaped plece of plass with an "exhaust tube™ thraugh
the cencer, lead wires, and a spiral-wound "hot cathode" wire (tungsten
coll).

A small amount of mercury (15-250 mg} 1s Injected into the lamp tube on an
exhaust machine. The exhaust machine 18 a multistatiomed unit in which lamp
tubes are exhausted, mercury 18 added, and the tubes are sealed., The
mercury 1s added to the lamp using a piston-type doser. The plston in the
doser 16 lifred into a mercury reserveir {by an electromagnet) where it
receives a mercury dose., The piston then falls to deliver the dese through
the exhaust tube inte the lamp tube, A vacuum is then drawn to exhaust the
tube and the tube is filled with inert gas. The open exhaust tube 15 sealed
cloaed and tipped off. Exhaust tube tips are discarded in a waste
container, and the lamp tube is removed frem the exhausit machine.

Following the sealing of the tubes, metal bases are attached to the ends of
the lamp and cemented in place by heating. As a process check, current is
applied to the lamp contacts to light the lamp. The final step is the
application of a silicone ceating to the outside of the tube to prevent
moisture from accumulating on che lamp.

Elamental mercury, used for filling the lamp tubes, {8 oxified and filtered
before it Is put through the mercury-fllling process. 4n oxifier is a
sealed chamber that contalos ewo stalniess ateel, wheel-shaped asgltators.
Mercury is poured into the chamber, which is then sealed. Air is pumped
into the chamber and the agitacors are started. The air oxidizes the
contaminants 1n the mercury, causing them te fleatr and separate out after
agitation, After approximately 4 hours of agitatfon, the mercury 1a drained
from the oxifier and is filtered,

Sampling Results, Emissicn Sources, and Control Methods

Air sampling resulte from a {lugrescent lamp manufacturing plant surveyed
are presented in Table IV-3. Two mechods of mercury filling are used at
this plant. Typlcal emission sources and the methods used to control them
are presented in Table IV-4.

Worker exposure to mercury vapor at the plant was penerally below the QSHA
PEL during the survey. The difference between the personal and area
concentrations at the mercury addition areas are significantly lower at the
95% confidence level in Process B, which used an enclosed wmercury "pill”
process of dosing lamps, as cowpared to the conventlonal doser exhazust
machines used in Process A.

w]d =



TABLE IV-3

Workplace Air Concentrations of Mercury
in a Fluorescent Lamp Manufacturing Plant

ARER SAMPLES Hercury Yapor
Type of Concentratian {mg;/md)
Sample Lacation Sample Hange Hrean
Lentral area of plant Full-shift d_l 0 g1el
{nonproduction areal TWA
Process AZ—-gxhaust Full-shift 0 020-0 089 {3)3 0041
machine work skalions THA

(mercury additinr area)

Process A--lamp lighkng Ful l-shatrt 0 o2l
WA
Pracess RY Full-shirt 0 D27-0 040 (8) 0 034
{mercury addytron area}l ThiA
o

PORSOMAEL SAMPLES

Proness A Workers Full-ghift 0 039-0 100 (&} 0 D&O
THA

Process B Workers Full-shift 0 008-0 045 (6) 0 026
TwA

. S VR P

tHneg sample baken

‘Froductton process 1n which traditionzl mercury f11ling technaioues

are emplinyed

Jiumhers 1n parentheses tndicate number of sampies takep

Froduction process 10 which a new mercury addition system 35

employed {see description of mercury p3l] 1n "Modificatian rn Mercury Filling
Qoeraton, ™)
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TABLE TV-4

Mercury Emission Sources and Control Methods for the
Fluorescent Lamp Manufacturing Industry

Contrgl Hethgds

Mercury Emission Sources/Cancarns

Mercur Yapor emtssion from
Handl1ng mercury purification, 1 A X X X
transfer, parts repair

vapor emission from

mercury 1njectian X X X A

operatien
La
Production

Vapor emicsion from
broken tamps, spiits, H X X X X
and waste materials

€. BDENTISTRY

Mercury is a component of the dental amalgam used to £111 cavities 1n
teeth. The amalgamation process is generally uniform across the induatry,
although some clinics use preenclosed dental capsules to reduce worker
contact.

Dental amalgam ls prepared by mixing mercury with an alloy. The alloy 1s in
powdetr or pellet form and is usually composed of approximately 60 percent
silver, 25 percent tin, and 15 percent zinc and copper. The alloy and an
equal amount (by weight) of mercury are put inside a two—plece plastic cap-
gule along with a pestle. By maintaining a 1 to 1 ratlo of alloy to mer-
cuty, an optimal amalgam is formed with minimal residuval mercury.

Mercury is added to the capsule using a hand-held mercury digpenser., The
dispenser delivers a drop, or "spill,” of mercury when the delivery button
18 pressed. One or twe spllls are usually used for each amalgam mixing,
depending on the size of the filling to be wade,

Wher the alloy pellet, mercury, and pestle have been put inside the apen
plastic capsule, the capsule is capped and placed in an amalpgamator (an agl—
tation device used for mixing)}. The cdpsule is agirated in che amalgsmator
for approximately 15 seconds. It is removed from the machlne, uncapped, and
emptied into a plass Dappen dish or stainless steel amalgam well in prepara-—
tion for use.

14~




Many dental ifacilities use preenclosed dentul capsules that contaln a pestle
and encugh mercury and alloy to complete an average tooth filling. The use
of these capsules, which are avallable in bulk guanticles, eliminates the
handling of elemental mercuty,

Sampling Results, Emission Sources, and Control Methods

Alr sampling results from two dental clinics which use preenclosed capsules
are presented in Table IV-5. Mean area mercury samples ranged from 0.001 to
Q.002 mg!m3, and mean personal samples ranged from $.002 to 0.005 mgfm3.
Typlcal emission sources and the methods used to control them are presented
in Table IV-6. Additional information is available from the american Dental
Associationm, 211 East Chicage Avenue, Chicage, Illinois 60611, regarding
mercury control in dental effices.

TABLE IV-5

Workplace Air Concentrations of Mercury in Two Dental Clinics

AREA SAMPLES Mercury Vapor
Type of Concentratipn imgjmai Comments
Sample Locabion Sample Range ’ Hean
Chme A
Dental cperatary areas b Diract -0 0910 002 {ﬂ)l 0 gt Sampled periads 1nclude
J Reaning amalgam preparation
Nonoperatory areds Uirect <0 00l-0 301 {3) o poi?
Hearding
tlimic B
Dental operatory arcas | Direct <0 0010 002 {7) 0 npz? Sampled periads 1aclude
Readimy amalgam preparation
Nonoperatory areas tract 0 0013
Rezading

PERSOKAL SAMPLES

[time B
Nental! Assistants Full-shift| <O 0O0Z-0 Q04 (4] 0 opai Samp led periads 1nc Tude
TR amalgam acegaratian
Jentasts Full-smift] <0 Q02-0 QOR (5) o onze Sampled pertods 1nclude tooth
J THA F1llang
__________________ e
Jentists Tirect <0 G01-0 010 (5) 0 Dp5e During tooth-t1111ng process
Reading {open amalgam}--5 min duration
_________ - - = e . B T el T T T
Dentist Direct 0 0070 007 (4) 0 0622 | 8o amalgam vn use
Reading
Dontal Assistant Mirect 0 0a2-0.004 (2) 0 03 Suring ;ma\gah preparat:un o
Teadinyg and use

Liymhers 10 parentheses 1ndwcate pumher of sdamples Laken
Zlower Trmit oF detection used 10 caltulaton of medan concentration
30pe samle taken
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TABLE IV~6
Mercury Emission Sources and Contral Methods for the Dental Industry

fontrol Methods

Mercury Emission Sources/Concerns
—

¥apnr emission from
Lranstevreing gnd dis-
et by ¢ lemental
MEFLur y

Yapor emission
from mercury X X

amaigan

Darral contact with
mercury during X
amalgam preparation

Mercury vapotr concentrations in Clinic A operatlng areas averaged approxi-~
mately 0,002 mgfm3. Breathing zone concentrations did not increase sig-
nirficantly during amalgam preparation or filldng. At Clinic B, increases 1o
breathing zone concentrations, compared with background levels, were noted
during some filling operationd. The general workroom background con-~
centration at this cliniec ranged from none detected { 0,001 mgfm3) to

0.002 mg/o,

Time-welghted average gersonal sanpling results at Clinic B ranged fram none
detected to 0,008 mg/m®; area sampling results ranged from none detected

to 0,002 mg/m>, The employee with the highest reported exposute LO mercury
vapor did rot use preenclosed amalgam capsules or any ather mercury or mer-—
cary amalgam product on the day of sampling. The source {or sources) con-
tributing to this employee's exposure was not determined,

D. TEMPERATURE-SENSING INSTRUMENT MANUFACTURING
The manufacture of mercury-containing temperature Instrumepts varies accord-

ing to the type of bulb or probe used in the Instrument. The mercury fill-
ing process also varies slightly among different manufacturers.
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1. Glass Thermometer Manufacturing

The process of manufacturing glass Chermometers begins with the cutting of
glass tubes into specified lengths. The bore size of each tube 1g determined
volumetrically by measuring the length of a specified volume of mercury that
iz injected into random samples of tubes, Tubes are then grouped into
batches of equal bore sizes,

Either glass orf metal bulbe may be used to contain the mercury at the base
of the plass tuhe, The procedures for attaching these bulbs are as fellows:

a. Glass Bulbs

One end of the tube is heated over a burner and a short glass tube is joined
to x1t. This short tube 1is formed into a bulb by heating the open end,
crimping it clesed, breaking oif the crimped plece of glass, and rounding
off the remaining tip.

b, Meral Bulbs

Metal bulbs have an attached capillary extension approximately one-elghth
inch in diameter that 1s cut to & size determined by the bore size of each
tube The caplllaty cxtension is fused to one end of each glass tube. The
sized tubes are grouped in batches and heated i1n an oven in preparation for
mercury filling,

Mercury filling is conducted lu an 1solated room. A typical mercury fillinmg
process is conducted inside 2 hell jar. Each batch of tubes is szet with
open ends down into a pan. The pan is set under the bell jar, which is
lowered and sealed. The tubes are¢ heated to approxiwmately 200 € (400 F) and
a vacuum is drawn, Mercury is allowed to flow into the pan from esither an
enclosed mercury addition system or a manually filled reservoir. When the
vacuum in the jar is released, alr pressure forces the mercury into the
bulbs and capillaries. The pan of filled tubes 1s thenl manually removed
from the bell jar, Excess mercury in the bettom of the pan is refiltered
and used again in the process,

Excess mercutry i the tube stems 18 driven cut the open ends by i1mmersing
the bulb ends of the tubes in a hot water or oil bath (heating-out pro-
cess), The mercury column is shortened to a specific height by flame heat-
ing the open ends {(burning-off process). The tubes are cut to finished
length just above the mercury column and the ends ¢f the tubes are sealed.
4 temperature Scale 15 etched onte the tube, completing the assembly. All
of these operstions are done manually at varlous work statioms.

2. Thermal Sensing Element Manufacturing

Sowe temperature-sensing instruments have a bulb and capillary temperature-
sensing device that uses the force of an expanding ligquld {mercury) to oper-
ate external controls and indicaters (Figure IV-1). One such probe is
manufactured ae follows

Bulbs are made by cutting metal tubaing to size and welding a plug to one end

of the tube and a coupling plece to the other (open) end. A capillary 1s cut
to a specified leungth and heliarc welded to the coupling at the open end of
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Figure IV-1. Temperature-~Sensing Instrument.
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the bulb., The other end of the zapillary is welded to a "head” that houses
the mechanical section of the senscr. Completed assemblies are grouped 1in
job lots based on capillary length.

F1lling the bulb and capillary assembly with mercury is performed 1n a ven-
tilated and enclosed multistaticn mercury filling machine. Each station
conslsts of fittings attached to a central manifold through which the mer-
cury is introduced to the capillary bulb assemblies A wire Is inserted the
length of the capillary so that the velume of mercury required to £11l the
capillary is reduced. This improves the performance of the sensing element
because a greater mechanical movement in the head results from small volume
changes in mercury.

The sensor ussembly 18 transferred from the wire pushing station Lo the
final assembly station where a return spring and plunger are set into a
temporary housing on the head of the semsor. The complete sensors with
temporary housings are actached to controllers and/or indicating devices to
complete the temperature inscrument,

Sampling Results, Emission Sources, and Contrel Methods

Alr sampling results from two glass thermometer manufacturing plants sur-
veyed are presented in Table IV-7. Typical emission sources and the methods
used to control them are presented in Table TIV-8.

During the surveys average workel exposures measured were below the OSHA PEL
and the NIOSH recommended level at both of the manufacturers surveyed., The
¥ill Room of manufaccurer A had one f£ill unlt that was used for one fill per
day. Manufacturer B had nine €111 units that were used throughout the
workday,

TABLE IV-7

workplace Air Concentrations of Mercury
in Two Thermometetr Manufacturing Plants

AREA SAMPLES mercury Vapar
Type 6f Loncentraticn (mqn‘m3) Comments
Sample Lacatian Sangyle Fange Piaan
Manufacturer &
F111 Roam Full-snife | o 0060 023 {53)} | © (1§
Thif
Asspably Roun Ful 'Iignlrr._ 00020007 (2) | DDM | Mo cpen thermometers
Mamifacturer g
Fall RFaum Full shift | o 060 054 (3} 0 040
{gerveral workplace air) TWA
F111 ftcom Eu?ltsal;l- --03?-4] inr [3]- HU_D';{ ---------------
{rext Lo F17 units) WA

PERSONAL SAMFLFS

Manpfacturer A
F111 Aoom Operalors Fyll-shife | 0 ¢L5-0 015 |2) 0 015 Sample time includes approxl-

Tud mately 1 hr in F111 Roor

for sach worker 3ampled

- - e = memwemom o momme o momm e = .- - B e ]

Manufactorer R

FU11 Room Operators Full-shufe | 0 0360 081 {3) O 049 Sanple tine includes approxi-
Thbd mitely §-3{2 hr in FOU3 Room

1Hudler! In pargntheses Indicate number of S$amples taken
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TABLE Iv-8

Mercury Emission Sources and Contrel Methods for the
Thermometer Manufacturing Iandustry

Control Mathods

Mercury Fmission SnurcesfConcerns

Yapor emissian from
meroury DL.H'"IfTCEIllOﬂ X X X
and transfer

»
>

¥apor emission
fram bare sizing X b4 4 X X

Yapor emi1ssion
from meroury X ¥ b3 % X i £ 1
filling

Yapor emissicn from
heat1rg out and X X X
Gurning of f

Vapor grission
from mercury X e A
sp1lls

llermal contact
A1th mercury )
during praductian

E. ELECTRICAL SWITCH MANUFACTURING

Mercury 1s used extensively in electrical switches for thermostats and for
s1lent wall switches. The unique properties of the metal enable 1t to flow
and make electrical contact upon actuation by an outside mechanical forece or
by gravity. Mercury switches for thermostats are small glass tubes contain-
ing mercury and metal electreodes (contacts), Mercury switches for wall
switch application are button—shaped metal cans containing mercury, con—
tacts, and an ipsulator. The manufacturing process descriptions for the two
types of switches are presented below:

1. Mercury Switch for Thermostats
Metal electrodes used for cantacts are inserted inte small glass tubes (0.35-

0.61 inch in diameter) and sealed in place prior to mercury filling by using
an operation called pressing and sealing. The electrodes are placed and
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positioned inside the tubes, One end af the tube 15 heated, constricted,
crimped closed around the electrodes, and sealed, The tubes are then
cleaned in preparation for mercury filling,

Mercury 1s injected into the open end of the glass tubes on a multistation
rotary fi1ll machine. Each station has a device for holding a glass tube and
a mercury reservolir,

The fill sequence is as follows:
o Glass tubes are loaded on the wmachine.
o Each tube 1s evacuated in preparation for fillling.
o Mercury Ils dispensed Iinto the tube when it reaches the fill station.

o Vacuum is released and residual mercury in the piston shaft is drawn
into the tube,

o The open end of the tube is heated, constricted, and sealed,

0 Excuss glass Is pulled away from the seal and discarded through a
discharge chute into a bucket of water,

o The completed fillled tube falls into a transport container.

Low—volume products ate filled with mercury et a manual fill station by
using the same f111 sequence, Wire leads are then attached to the contacts
of the electrodes and the switch is complete.

2. Mercury Buttons for Wall Switches

The mercury button contains 8 metal shell, metal ring, ceramlc center, glass
preform, center contact, and approximately 3 g of elemental mercury. The
metal ring, glass preform, ceramic center, and center contact are assembled
on a semiautomatie loader, and the subassembly is fused tegether in a
sealing furnace

The mercury fill operation 1s conducted on a ratating multistation welding
machine. Metal cans are gravity fed ianto carrier cups on the machine, The
cups rotate through three progressive assembly stations: (1) the cauns are
filled with approximately 3 g of mercury, (2) the subassemblies are then
manually placed in the can, and (3} the can is evacuated 4and welded closed.
The buttons are cleaned, zine plated, and used as a component for wall
switch assemblies.

The mercury addition system 15 completely enclosed up to the point of inser—
tion into the metal can. Mercutry 1s moved through tubes from an 800-pound
storage container to a 3-gallon hold tank, This is accomplished by pres-
surization with helium to 15 pounds per square Iinch. Mercury 1s released
from the held tank and dropped through a metal tube into the metal can.
Controlled release 1s accomplished ueing 8 rotating slide gate syuchronized
to the speed of the weldlog wmachine,

-2J-



sampling Results, Emisslon Suurces, and Control Methods

Air sampling results from Lwe electrical switch manufacturing plants sur-
veyed are presented in Table IV-Y. Although the manufacturing processes
used at each plant were different, the filling and sealing processes at both
plants werc conducted in an iscolated Fill Reom. 1In each process, welding
machines were used In close proximity to mercury or parts contaminated with
mercutry, resulting in an increased potentlial for worker expOsure to mercury
vaporized by the heat of the machines., Typlcal emisslon sources and Lhe
methods used to contrel them are presented In Table IV-10.

Air sampling results from the two switch manufacturimf plants show no
mercury vapor alrborne COHCLnertiOD above 0.060 mg/ and the mean
values below the ©.050 mg}m NIOSH recommended level during the surveys,

TABLE IV-9

Workplace Air Ceoncentrations of Mercury in Two Electrical
Switch Manufacturing Plants

AREA SAMPLES Marcury Vapor
Type of Cancentration {m fm3} Commenk s
Zample Location Sample Ranga 2an

-— e —

—_— - ——— ot

Manufacturer &
{various locatians)

F111 Raam Direct O o06-0 pez {11)L| o oLs | Samples are taken at warious
Reading Toecations throughout F117 Ragem
Switch Hgndling Area | Direct 0 006-0 Dld_{z} 0 010 | Switches are sepaled
Reading

Manufacturer B
{various logcatians)

F111 Room Mirect 4 DL6E-0 40 [6) 0.02¢
Reading
F1l11 Room Full-shift 0 005-0 nlé (B) 0 Q1o
TWA
subassembiy Area Direct G UGE-D 008 {3) 0 007 | Switches are sealed
Reading

PERSONAL SAMPLES

Manufacturer B

Weldar Operakor Full-smife | 0 G160 )48 {2) & 047 | Warkers spend approximately
TWA B hrfday n F111 Roam.

GC dperator Full-shift | 0 OLQ-0 060 [2) 0 035 | wWorkers spend approximately
A B hriday *n F11) Room,

Ltwmbers 1n parentheses indicate number of semples taken
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TABLE IV-10

Mercury Emisslon Squrces and Contral Methads for the Electrical Switch Industry

fentral Methods

Mercury Enissien Spurcesfloncerns

Vaper emssion from
mercury purificaticn X % K A X X
and transfer

Yapor emission
from merciry H X b
filling

Yapor emisgion
fram product H x L )]
testing

¥apur emissien from
so1lls, product break- b4 X X o
age, reject materials

Dermal contact
with mercury during X
filiing

13 MERCURY USE IN ELECTRICAL PROCESSES

Mercury 1s used in electrical applications in several manufacturing pro-
cesses, Most of these processes do not counstitute a significant percentage
of mercury consumption, since mercury is not a part of the final product.
However, in the chlor-alkaly manufacturing process, large volumes of mercury
are nsed 2n electrolytic cells, The process descriptions of a typlcal
chlor—alkaly speration and other mercury-using operations are presented
balow,

1. Chleor~alkali

A concentrated brine solution [$ needed to produce chlorine and caustle 1in
mercury cells, The solution is made by pumping spent (weak) brine through a
salt saturater. The saturated brine 1s chemically treated and clarified to
remove 1mpurities. After clarificacion, the brine is pumped through a
series of filters to the electrolyvtic mercury cells for use 1n the process.
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The electrolytic mercury c¢ell 1s a steel channel sloped at an angle of
approximately 7 degrees. A typical chlior-azikali cell 18 shown in Figure
Iv-2. TIt 15 covered with a sheet of rubber, Teflon, or rubber-coated steel,
Inside the steel channel are several sets of anodes that are attached under
the cover by copper poets. Rubbeéer seals are used to prevent leakage around
the pasts where they penctrate the cover, The depth of the anode In the
mercury cell 1s controlled by adjusting the position of the copper posts.
Anode depth must be adjusted constantly to optimize the electrolytic reac—
tion taking place in the cell. Usually a computer system 15 used to actuate
a positioner that adjuste the ancde depth, At the lower end {outlet) of the
mercury cell, there 1s an outleb box for removal of the brine soluticn, a
decomposer {a cylindrical reaction vessel approximately 4-1/2 feet high and
3 feet in diameter) for the removal of hydrogen and caustic soda, and a wmer-

cury pump for returning the mercury to the high end (inlet) of the mercury
cell.

1 Tinoe level B Cawstse hguor exst
¥ Meial ancclen # Denuded mercury
% Merenmy enthodr Oowing abong basegiale ¢ Arse feed
4 Mercury pump V 11 Brine sl
5 Verimal decomiumer 12 Hydrogen ent Frory degwm poser
A Water [=ed Lo decrmpmes 13 Chlcrine gas spase ;
7 Craphile packing promaling decompeeitodt 14 Chlanne sxit
f snd vy mn s lgem I Wash walac

Flgure IV-2, Typical Chleor-alkali Cell.

Mercury, whiclh acts as the cathode, flows along the cell bettom at a speci-
fied depth beluw the anode, The brine solution is introduced to the inlet
end of the cell and flows between the anode and the mercury cathode, Vol-
tage 1s applied between tlie anode and the mercury cathede through large
electrical bus bars. The current causcs an electrolytic reaction i1n which
the chlerine ions 1n the solution lose an electron and the socdium ioms gain
an electron. Chlorine gas bubbles out of the solution and flows out of the
cell through a collection header located at the inlet of the cell, The
socdium combines with the mercury to forw an amalgaw that flows down Lowards
the outlet box at the outlet of the cell, The heavy sodium amalpgan flows
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below the weak brine. A submerged welr in the outlet box is designed so
that enly the amalgam can flow past it., Weak brine 15 decanted off the top
ef the stream through a drain pipe and 15 veturned to the brine system. The
amalgam passes threugh rhe outlet box i1nte the decomposer where 1t reacts
with water to form caustic soda and hydrogen gas, This is an exothermic
chemical reaction. The concentration of the caustic soda produced is
controlled to approximately 50 percent by regulating the flow of water into
the decomposer. The caustic level is malntalned in the vessel,

The cauwstic produced 15 dralned from the decomposer, filtered, cooled, and
stored. Hydrogen ledves the decomposer through the tep and passes chrough a
condenser to remove mercuty vapor, After turther mercury removal using a
molecular sleve, the hydragen is burmed in the plant boilers. The chlerine
gas from the cells is cooled, dried, liqueiled, and stored

The mercury, stripped of sodium 1n the decomposer, flows through a pipe at
the bottom of the decomposer and 1oto a mercury hold tank. A centrifupal
pump 15 used co return the mercury to the inlet end of the cell for reuse in
the eleccirelytic process

Sampling Results
A1y sampling results from a chlor-alkelil production facility surveyed are
presenled i1n Table IV-11

TABLE TV-11

Workplace Air Concentrations of Mercury in a Chlor-Alkali Planc

-

AREA SAMPLES Wercury Yanor
Type of Concentratian [mgimd} Comments
Sample Locatiun Sample Ranqe ' Mean
Call Rogm Full-shft 00@4)%F{ﬂ1 0 o014
{var1ous locations) THA

FERSIMAL SAMPLES

Haintenance Worker Full-shaft | © 0060 009 (2} 0 oo Sample pervod did not include
THA work on ppen cells

Lell Room Cperatgr Full-smift .0_0522 )
THA

Leil Roam Oprerater Fell-shatt | |~ 0-05a5 ________________
THA

Ihembers 1n parentheses 1ndicate number of samples takan
Une sample taken

Darly TWA concenlrations 1in the workplace ares ranged from 0.002 to 0,037
mg/m~ with a mean of 0,014 mg/m®. These area sampling results taken
during the survey were 1in general agreement with recent plant air sampling
resu%ts. Mean personal exposure concentrations ranged from 0.004 to 0.022
mg /o~
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The personal sampling results include all routine activities fer which a
potential for exposure to mercury exists, including taking samples of cell
solutions, opening cell inlet and outlet boxes, and contamination of
clothing items with mercury droplets which may volatilize,

Maintenance workers are occasicnally exposed t¢ mercuby vapor at concentra-
tians Iin excess of ¢ell room background levels. These occasions include
matntenance work on open cells awd cleaning cell bottems. Respirators are
required for both of these activities, Maintenance workers at this plant
did not perform any activities assoclated with increased exposure Lo mercury
during this survey.

2. Tungsten Bar Sintering

Tungsten, in the form of dense bars, is used as a raw material for the manu-
facture of incandescent lamp filaments, The manufacturing process hegins
with the pressing of tungsten powder Into long, thin bars of specified
weights, The bars, strengthened and denmsified by presintering in 2 nuffle
furnace, atre sintered with a high-amperage electrical current. Mercury is
usaed as a continuous electrical contact in the sintering process. It 1s
contained in pools, callied wercury cups, located inside each sintering

unit. The sintering units (treating bottles) are Iocated inside ventilated
enclosures,

After sintering, the bars are cooled to room temperaturXe and the tungsten
density 1s determined Mercury is used for density measurements because of
its high specific gravity, The bars are manually immersed in a pool of
mercury and the weight of the displaced morcury is determined in order to

calculate bar density. When the bar is rewmoved from the mercury poel, the
mercutry is manually brushed off into a tray of water located in front of the

pocl,

3. Copper Platiag

High-purity copper foil, used for laminate In printed circuit boards, 1s
produced using an electrodeposition process that requires the use of mercury
a3 an electrical contact,

The producticn process bepins by dissolving scrap copper in sulfuric acid to
form a copper sulfate solution, The solution is gravity fed to a serles of
plating drum units where copper ions are removed from solution as free cop-
per by electrodeposition. Each plating drum unit consists of a concrete
cell to contain the copper sulfate solution, a lcad anode, a rotating titan-
fom drum (cathode}, and a winding roll, A curvent is passed through the
golution by establishing a voltage potential between the lead anode (sub-
merged in the solution) and the drum cathode (which rotates so that part of
1ts surface is submerged in the solution). As the drum rotates, the copper
is depoeited on the drum surface as a contlnuous foill sheet.
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The plated foil is peeled off of the drum and 1s wound on a variable-spead
winding roll, When sufficient foll has been wound on a roll, the roll is
removed from the plating drum unit. It is then specially treated, annealed,
slit, wrapped, and prepared for shipping

The rotation of the cathode drum necessitates the use of a rotating electri-
cal! contact between the bus bars and the drum. The contact I1s established
using elemental mercury as a continuous contact between the rotating copper
shaft of the drum and the electrical convections. A peol of mercury, termed
"mercury well,” is situated at one end of the roteting drum shaft. Attached
to the shafc 1s a series of copper discs that maintaln comstant contact with
the mercury while rotating through the pocol, Mercury in the wells tends to
heat up because of the electrical current that pagses through it.

Sampling Results
Air sgmpling results from a copper plating plant surveyed are presented 1n
Table IV¥-12., Personal sanmples gsve a mean of 0.025 mg!mJ. The mean for

the area samples was 0 013 mg/m’. These results agreed with historical
plant data,

TABLE IV-12

Workplace Alr Ceoncentrations of Mercury In a Copper Plating Plant

RREA SAMPLES Mercury Vapor
Type af Concentration (mgimd)
Eampie Lacatign Sample Range Hean Comments
Dram Room full-shift | O 005D 027 {2}1 0013 Mercury wells used as
THA electrical contacts
Treat1ng Room Fult=shiftl 0 0782 Rntary electrical contact
L 1n use

PERSONAL SAMPLES

Orum Qper aters Full-shift | 0.024-0 028 (2) 0 025
TKA

Iumbers 10 parentheses indicate number of samples taken
20ne cample taken

4. Electrical Standard Calibration

Mercury 1s used as a contact in the callbration of electrical standards. A
typical standard is a cylindrical wire-wound resistor, approximately & inches
high and 2 inches in diameter (Figure IV-3) The standard has twe U-shaped
contact bars, each of which has one end attached to the tep of the standard
and the nthcr end positioned cut to the side. The cuter ends of these bars
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are used to contact 8 box-shaped electrical ratic device. Electrical con-—
tact is made by placing the standard between two pronga attached to the side
of the ratio device sa that the contact bars on the standard rest 1nslde
racassed holes on the prongs. These recessed holes contain mercury (approx-—
imately 1 ml) to provide & low-resisrance contact film between the bars and
the prongs, Another set of prongs is mounted on the opposite side of the
electrical ratlo device, This set 1s used to make contact with a known
standard (similar to the other standard). The instrument 15 used te deter-
mine the ratio of resiscance of the standard being calibrated to the known
standard by adjusting 8 set of percentage dials until the effective resis-
tances are equal. The dlal readings at this point show the ratio between
the two standards. The actual reelstance of the standard belng calibrated
is determined by multlplying the ratioc by the actual resistance of the known
standard.

g

N—

Flgure 1V-3, Typlcal Electrical Standard,
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recessed holes on the prongs, These recessed holes contain mercury {(approx-—
imately 1 ml) to provide a low-resistance centact film between the bars and
the prongs, Another sel of prongs 15 mounted on the opposite side of Lhe
electrical ratio device, This set is used to wake contact with a known
standard (similar to the other standard). The instrument is used to deter-
mine the ratio of resistance of the standard being calibrated to the known
standard by adjusting a sct of percentage dials until the effective resis-
tances are equal. The dlal readings at thls polnt show the ratloe between
the two standards, The actual resistance of the standard being calibrated
is determined by multiplying the ratio by the actual resistance of the known
standard

The standardization process may aiso be conducted 11 & controlled tempera-—
ture o1l bath for greatetr accuracy. The oil bath method of calabration in-
valves the same procedure described above except that the electrical ratio
device has a different configuration and the contacts and mercury poals are

immersed im an ofl bath.

Air sampling was not conducted at this facility during the site visit. How-
ever, maost of the historical plant air sampling data cthat was reviewed
showed mercury vapor concentrations below the PEL.

Typical emission sources in electrical processes using mercury and the
methods wused to control them are presented in Table IV-13,

TABLE IV-13

Mercury Emission Sources and Control Methods for Electricel Processes

Control Methods

Mereury E111_'_£s 10 SDur..as.’_C.c:_rn‘.!rr“

Yaoor gl w5190
From mercury i X Xz
purificakvan

¥ipoe emitsen
irnm merrury adziklon X X |
and transfar

Vapar emicsium
from mevcury poolsivells K ] X 1§ X X
fip EO lW 41 genarataed
by elecirical current

Vapgr amissand from
process Triks and ¥ M "
mercary sgilis

fanur el tsiun from
nanaling products
Centahinalad with mercury A ] x i
{sratering and slan-
s omlyl

Ozrw ;] contact wilh
Wofcury TRELIning an I3 X
producLs {%irlering and
standards only)

—-2G—



. MERCURY CHEMICAL PROCESS[NG/MANUFACTURING

Produccion of purified elemental mercury and mercury compounds involves
distilling mercury and handling particulate mercury compounds, Descriptions
of these purification and manufacturing processes follow,

1. Mercury Ore {Cinnahar) Processing

Mercury-contalning eclay ore is pround In a grinding mill inte particles that
are fine enough to permlt separation and concentraticon of the wmercury-con-~
taining minerals by f{lotation. The particles pass through 4 cyclone separa-
tor that returns aversized partlcles to the grinder, while the remaining
particles are slurried into a series of flotation cells. Agitatiom of the
slurry, after the addition of methyl 1sobutyl carbinol as a frothing agent
and Cyanamid A-242 as a collector, causes the mercury—containing minerals to
flgat and concentrate. The concentrate flows opver the sides of the flota-
tion units i1nte launders that lead to o thickening tank. The conceantrate is
dewatered to 60 percent solids In the thickeoer and pumped to a concentrate
storage tank. Thickened concentrate is slurried and pumped through a two-
disc, multileaf filter where 1t is dewatered to 85 percent solids. It 1Is
then gravity fed to an enclosed screw conveyor that feeds the top of a mulgl-
hearth furnace. Cal0 and Nay$5 are added to chemically reduce the mercury
containing minarals

The furnace discharge consists of dust, mercury vapor, water vapor, sulfur
dioxide, chlorine compounds, and other products of combustion. Mercury,
condensed from the gas ctream in a series of 12 condensing tubes, 15 col-
lected in fiberglass—lined launders. The metrcury then flows through a

cleaniag bath and is pumped to bulk storage tanks, It is double filtered
and bortled in /6-pound metal flasks or metal, metric-ton containers.

The uynderflow (waste siurry or “tailings™) from the flotation process flows
to a series of four settling ponds located adjacent to the plant site. The
tarlings are dewatered first by decantation and then by solar evaporation in
the ponds,

Sampling Results

Avr sampling results from a cinnabar processing facllity are presented in
Table IV-14., As this table shows, the perscnal samples were an order of
magnitude higher than the area samples (0.23 mg/m3 compared to 0.024
mgfmjj. The personal samples were similar tao plant sampling data, The
area samples were one-half tu one-fourth of typical plant data., The
discrepancy between area and personal samples indicates that behavioral
compoenents (such as work practices or mercury ccentamlnation of work
clething) way be an important factor in the totbal exposure. Prudent
practice would 1ndicate the need for additional sampling to ldentify these
factors, and appropriate measures to mitigate them.
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TABLE IV-14

Workplace Alrr Concentrations of Mercury in a Cinnabar Processing Plant

AREA SAMPLES Mercury Yapaor

Type of Conzentratian [mafm*) Lorments
Sample Locatyon Sample Raonge Mean

Flatatien!Concentration | Full-stift { O 0070 €40 [3}1:1 0 0zg

Area THA
Furnace Area Full=shafk | O 023-0 036 (1) 028
TWA

PERSONAL SAMPLES

Furmage Qperator Full-shift 0 2608 Full-twne use of respirators
ThA 152 reguired

Concenlralar Dperator Fall=shift 0 2007 Fuli-twne use of respirators
THA 15 required

Iyumbers in parentheses 1ndicate number of samples taken
Ona sample ©aken

2. Mercury Retorting, Distilling, and Packaging

Waste materials containing mercury are frequently processed in retorts to
reclaim the mercury Reject materials (e.p., defective batteries, broken
plags tubes contalning metcury, reject mercury compounds, mexcury sludges,
etc.) are loaded onto metal trays and put into a furnace, When heated, the
mercury vaporizes and rises into a condenser. The mercury that condenses
into a collection chamber is usually impure and must be further distilled.

misttllatien 1s conducted In an inaulated distillation vessel {still). Mer-
cury is heated 1n the still until it vaporizes and rises into a condenser,
Condensed mercury falls inio a receiver vessel from which the mercury is
drained i1nto containers.

Small-quantity bottlers of distilled mercury use special filling devices
with a volumetric glass flask to control the amount of mercuty put Llnto each
bottle. The mercury 1s poured Into a hold tank above the fi1lling device.
The volumetric flask is connected te the hold tank by tubing. Mercury flows
from the hold tank i1nto the Flask until the flask owerflows through a tube
inte an overflow bottle, Mercury is dispensed from the [lask to a bottle by
opening A valve at the bottom of the flask. Each bottle is capped immedi-
ately atter fiiling. The mercury is usuvally bottled in l- or 3-pound guan-
titles.
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Sawpling Results
Air sampling results frum a mercury preocessing facility are presented in
Table IV-15.

As this tahle shows, the facility exhibited ambicnt mercury vapor con-—
coentrations of (.15 mg{m3 in the fill room and 0,08 mg/w? in the

adjacent rocm at the onset of the survey. An appraisal of eontrol
strategies 1mtially showed minor deficiencies in housekeeping practices.
Further investigation showed that the central ventilation system for the
facrlity had been operating with 100 percent recyveled air, which could
result in a buildup of mercury vapotrs in the recyveled alr. This was not in
accord wilh the specifled operating procedures for the system, which
required a 50 percent fresh zir makeup. By adjusting air Intake louvers
during the NTQSH wvwisit, the propet operating condition was achieved., The
mean mercury concentratian inthe fill reom at these new condietions was 0,06
mgfnd , and 1n the adjacent raom 0,02 mgfm?, This experience emphasizes

the need for monitoring and alatrm devices to measure and indicate proper
performance of recirculation systems for exhaust air, since 100 percent
recycle 1s, in any event, poor practice.

TAELE IV-15

Workplace Alr Concentrations of Mercury {in a Mercury Precessing Plant

AREA SAMPLES Mercury Vapor

Sample Lacation Eﬁ%ﬁ:if EE%;z;entratlon [mqa:i; Comments

F111 Room — Direct Reading | O GS-O-;S (21l Q15 " 104 percent recycled air
Adjacent Rogn Direct Reading | G 05=0 11 {5} 0 Qs 100 percent recycled air
F1i1 Room Direct Rﬁn;:ng 0 04-Q DH—E;;_" 0 06 Approsimately B0 Dercent

(with makeun air) fresh air makeup

Adjzeent Paow Owrect Reading | @ 10 03 {3) 002 B
_ pproximately 50 percent
fwith makeup ar) fresh air zakEuz

Iyumbers 1n parentheses indicate number of samples taken

3. Mercury Compound Manufacturing

d. Mercuric Chloride

Mercuric chloride 15 produced by direct reaccion of mercury with chlorine.
Liquid mercury is pumped into a furnace and burned with chlerine gas. The
combustion product 1s directed to a settling chamber where the dry mercuric
chloride settles to the bottom, When the reaction and settling are complete,
the dry product 1s raked out and packaged in drums,
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b, Mercuric Oxide

Mercuric oxide precipitate may be produced using two different processes,
In one process, liyuid mercury is reacted with chlorioe and brine to form
mercuric chloride which is reacted with a caustic solution to form the
mercuric oxlde precipitace

In the second process, mercuric nitrate is formed by dissclving liquid
mercury 1n nitcic acid The mercurl¢ nitrate 1 neutralized with caustle Lo
produce the mercurfc oxide precipitate,

Mereuric axide precipitate [vom elther process is washed, filtered, dried in
ovens or 1n vacuum dryers, greund, sized, and packaged.

¢, Phenylmercuric Acetste

Phenylmercuric acetate 15 usually produced by refluxing benzene and acetic
acid with mercuric oxilde at approximately 80 C (176 F). It is alsp produced
by reacting mercuric acetate with bengens in a sclution of acetic acid, The
reactions take place in large (approximately 2,0060-gallon~capacity), glass-
lined reactoers. PMA precipitate is filetered, dried in either a vacuum or a
spray dryer, ground, and packaged, Liquid PMA 1s manufactured by mizxing the
FMA precipitate with low-molecular-weight glycol and adjusting the pH to B
with ammonia.,

Sawpling Results, Emission Sources, and Contrel Methods

The results of airr sampling at a mercury compound manufacturer are presented
n Table 1V-16., Typical emission sources and the methods used to control
then are presented in Table IV-17.

As Table TV-17 shows personal samples for thr Reacter/Drummer Operator were
0,190 mg/m3. The high area sampling result { up to 0.525 mg/m’ near the
fleor, as indicated by direct readiog Iinstrumeats ) indicate that general
housekeepling may be a major contributor to this exposure. Housekeeping
procedures used for handling mercury compounds are described in the sections
an Behavioral Controls, p. %8,
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TABLE

1v-16

Workplace Air Concentrations of Merecury in a Phenylmercuric
Acetate Manufacturing Plant

MEA SAMPLES

#ercury Wapor

Particulate Mercurg
Concentration {mg/m'}

Type of Concentration (mglm3) Type of (as total mercury)
Sample Location Sawple Range lean Sampie R3nge Hean Comments
Reactor Racm 1
Genera) Workroomy| Direct 0 o700 150 (4]} 0 014
aArr Ecading
Near Reactors || Direct | G 0B 180 (5) U 120 PHC filtering and drummng
Reading
Near Reactors Full-shift | 0O 030 180 (4) a 123 Full-shift | <0 0010 Q01 {2} 0 00l PFMC f1ltering and drunming
™A THA
Near Floor Drreck 0 350-G 700 (2] 0 525
Reading
glending Room Full-shift g ae3 Full-stift | O 0U2-a 005 (2} 0 Gga B bagging
TwA T
snray Drying Prigct 0 02560 0Ed (8) O 045 Full-shaft | 0O 021-0 02% (7) n 345 Product ([camtaining PMA)
Rocm Reading ThA drying
PERSONAL SAMPLES
Re ac bor} Prunsner Fuli-shift| 0 180-Q 200 (2) 0 190 Conducting drumming
(perator Tk gperat1ons
tpray Dryer Full-shft| 0 p95-0 100 (2] ooy
Oneratar A

Ijymhers 1n parentheses 1ndicate number of samples taken

Z0ne samole raken
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TABLE IV-17
Mercury Emissien Seurces and Control Methods for Mercury Chemical Productlan

Contrgl Methods

Marcury tmi1ssion Sources/Concerns

Partioulate emission
41 d LIANALAT prOcess -
1y tal ity Trum X X X X
grimding ere, con-
centrating slurry,
and filtering

Yapor emissicn at a
Marcur cinnabar pracessing
FFEEE;%INS facility fram fure

nace and from par- ¥ ¥ % M

ticubate settled
out 1n workplace

Yapor emissica fron

cencensing, cleaning, X X
and bottling cpera-
tions

Yapor emssion
from hot retort X X X X 1S
ar still

Yapor emission from

Retarting transferring mercary X X X X
and far distrilatian or

Iistiiling bettling

Vapor emissign
fron spills 4 X b

Yapor emission from
mercury transfer X
Lo reactors

Yapor emssion
from reactors b X

Compound  ¥apor emission from

Manufac— product spills,

turing cleaning process 1ines, X X X
and particclate set-

tled out 1n workplare

FPart 'Ilf.‘u]a'te elss10n
from chermcal addi-
tian to reactors, - X X b by %
particulate f1lter-
ing, drying, grinding,
and packaging
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V. CONTROL METHODS
A, ENGINEERING CONTROLS
1. Process Substitution and Modification

Several plants have been able to substitute new processes for those that
previously involved the use of mercury. This 1s uswally possible only in
industries that usc mercury as a means for production rather than as a raw
material for production (1.e., industries that use mercury as an electrical
contact cor electtode such as the chlor-alkali, electroplating, and electrical
standardization industries). This technique has the advantage of completely
removing mercury from the workplace, provided that old contamination is
gelimimated. Unfortunately, product tequirements, process restrictions, and
cost constraints, may limit the use of substitution as a control measure for
mercury exposure. As an alterpative, other plants have modified the use of
mercury 1n their production operations to significancly reduce mercury
emlssions and eliminate the need for implementcing costly ventilation
controls, This section details several substitution and process
modificarion controls implemented to reduce or elimiuate mercury vapor or
particulate emission.

a. Substitutlon for Mercury Electrical Contacts

Pools of mercury or "wells' are used as electrical contacts for retating
drums and tollets in the clectroplating industry, The use of the pools for
the rollers i1n the treating process at one plant surveyed has been elimin-
ated by substituting rotary contact devices,

Representatives at this plant determiced that the mercury wells that are

used as continucus contacts for rotatring shafts in the “treating” process
were a source thar contributed most to the high mercury vaper cencentratlouns
in the production area. Plant engineers found that heavy-duty rotary contaet
devices were commercially available that werc capable of providing a current
of up to 2,000 amps to a rotating shaft. These devices completely eliminated
the need for mercury wells in the treating process and therefore eliminated
mercury containment problems in the Treatment Room,

Two types of rotary contact devices are used at this farcility. Cne type is
the TWECO RoLo-Ground (Flgure V-1), a heavy-duty rotary grounding device
typically used in welding applications. 1t censists of an annular head and
a shaft (both made of copper) that fit arcund the rotating shaft and have s
tension~ad justing bolt to maximize operating efficiency. FKach head and
shaft is provided with grease-cup lubriecatiem. The plant formerly used
copper—-containing pgrease as a conductive lubricant between the Roto-ground
and the shaft. They currently use a graphite—containing grease that pro-
vides the same conductance while reducing housekeeping problems typacally
associated with the copper grease. Up to three heads can be used on each
end of the rotating shaft, depending on the range of electrical curtrent
desired. The total cost af substitoting Roto-grounds for all of the mercury
wells in the Treatment Room was reported to be approximately $9,000,
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Figure V-1
+ TWEC
LU0 Roto—-Grounde Mounted on a2 Rot
otatring Shafc
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The other Lype of rotary contact device used 15 a Japanese—panufactured

NR series collector ring contact which 1s siwilar to the TWECD Roto=-ground,
The contact 16 made of a series of SAE 40 bronze rings that fic over the
rotating shaft. The number of rings used depends on the range of current
desired, Each ring has a szet of internally mounted metal brushes for
continuous contact with the shaft, The plant has found that this rotary
grounding device periorms better thar the Roto—ground, but it 1s not possi-
ble to fic all treating machines with the NE series contacts due to physical
limitations. The plant engineers are currently evaluating another series of
all-purpose collector rings with copper alloy brushes., These units are
manufactured in the United States by Industrial Electric Reels,

The rotary contact devices provide effective electrical cantact for use in
the treating process. HNot only do they elimicate the need for using mercury
1n this process, but they have eliminated the cests previously incurred ac
this plant for replenishing mercury lost from vaporizaticn in the mercury
wells In the Treatment Room  The rotary contacts do aot, however, provide
electrfcal contact sufficient to bandle the high current demands for the
rotating drums used for the Initlal electroplating ptocess.

Mercury 16 also used as a4 contact in the elecctrical standardization process.
The calibration of current shunts {resistance devices used Lo measure cur-
rent) requires the use of high current supply {approximately 103,000 amps).
One elecirical standard manufaclurer generates this current using a series
of up to 60 batLteries called a "battery board.,” These batteries are kept in
a separate room, Varying currents are generated by adjusting contacts 1n a
mexrcury pool go that the proper number of batteries are connected In series,
The battery beard is currently being replaced by a new current generator at

an equipment and 1nstallation cost of approximately $6,000, which will elim—
inate the need for a mercury pool because the generator 1s equipped with a

current repgulater.

Substitution for mercury use in the chler-alkali industry, one of the largest
mercury-consuming 1ndustries, 1$ an ongoing effort in which new expanded
techmologies are continually developing. New types of chlor-alkali cells,
such as diaphragm cells, are currently in operation in some plants., Most
facilities still find mercury cells to be the most cost—effective means of
chlor-alkali production despite the expenses incurred for coentrolling the
mercury vapor generated. Additlonal technological development coupled with
stringent occupational apd environmental health concerns may continue to
provide an incentive for eliminating mercury from these plants, however.

b. Dental Amalgam Handling Modification

A major improvement fot operatory counvenience and mercury contyol in the
dental industry has been the development ¢f preenclosed dental amalgam cap-
sules. Traeditional formation of amalgams for use in dental applications
involved open-air mixing of mercury and alloy powder. The mixed amalgam was
often mulled by hand to obtailn the proper consistency (by removing excess
mercury). Handling amalgam In this manner increased the potential for expo-
sure of dentists and dental assistants to mercury vapor in the ambfent air
of the dental vffice. 1Tt also increased the potential for dermal contact
with mercury and subscquent ingestion of mercury, Some dentists still
practice this type of amalgam formulation.
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Instead of mixing a spill (drop) of mercury with the zlloy pewder inside a
capsule, a premeasured spill of mercury 15 enclosed in a sealed capsule
along with the proper amount of alley powder. The process of filling the
capsule with mercury 1s fherefore eliminated by substituting the preenclosed
capsules, The use of preenclosed dental capsules for amalgam forwulation
minimizes the release of elemental mercury to the ambient air.

Dermal contact with the amalgam 18 also minimized because the proportions of
mercury and alloy powder arc premeasured at amcunts that will form the
aptimal amalgam. This usually eliminates the need for the worker to mull
the amalgam before applicatfion, and alse to dispose of small exXcess
quantlties of mercuty.

DlspersalloyR Miepos—a~cap capsules, manufactured by Johnson and Johusan
Dental Products Company, 18 one brand of preenclosed capsules used in den-
tistry. FEach capsule 1s approximately 31.75 mm ¢1.25 inches) long ang 15.87
mm (0,625 inches) in diameter, There are twa chambers in each capsule
{Flgure V-2). The upper chamber (a two-piece plastic assembly) contains a
predetermined amount of mercury——usually one, but posslbly twe or three
splills,., The bettom chamber contains a steel pestle and the amount of alloy
powder required to amalgamate with the mercury. By pulling out the top por=
tion of the top chamber assembly, mercury Is allowed tc flow through a hole
into the bottom chamber to contact the alley powder. The amalgam {s now
triturated by agitating the capsule in the "whirly-gig.” The peatle ensures
proper mixing luside the capsule. After trituration, the capsule is opened
by sepatrating the top chamber from the bottom chamber. The bottom chamber
is emptied into the amalgam well, and the amalgam is ready fer application.
The capsule is closed and discarded.

¢. Particulate Handling Modification

Controlling mercury particulate emiesigns when charging m:x tanks and Teac-
tors can be a difficult problem, especially in batch chemical operations.
One battery manufacturer, who wses 15-pound batches of mercuric chloride In
praoducing ics electrolyte solution for a cathode mixture, Is 1nvestigating
the use of water-soluble plastic bags for mercuric chloride addation, The
plant would purchase the water-soluble bags centaining 15-pounds of mercuric
chloride from ats supplier. The werker would be able te dump the unopened
bag directly into the zinc-chleride seolution where i1t would dissolve and
release the mercuric chloride. The potentlal for exposure to mercury parti-
culate when cutting open the bag weuld be eliminated, This contrel would be
applicable to many industries {e.g. paint formulation} that use particulate
mercury compounds as an dngredient or reactani in production, provided that
the bag material does not Introduce Impurities into the process or product,
and the mercury can be obtained In exact batch-sized quantities.

d. Modifilcarions in Mercury Processing

A large-scale process modification is currently being investigated by a
major mercury mining concern and the U.S, Bureau of Mines. The mine is
attempting Lo eliminate mercury vapor emitted from heating mercuric sulfide
in the mercury furnace A hydrometallurglcal process Is being evaluated to
replace the pyrolysis operatlon currently In use. The new process involves
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leaching mercurlc sulfide concentrate with c¢hlorine and oxypen at 100 C

(212 F) and 40 psipg. Mercury goes inte sclution as mercuric chloride and 1s
then decomposed Lhraugh ayueous electrolysis into elemental mercury and
chlorine. This process modifiecation is currently in the planning stage., If
the technology proves successful and the process is put into operation, the
major sourrce of mercury vapor emission (the furnace) at the mine will be
elinminated Potentlal exposures to chlorime will, of course, have to be
controlled in this new process,

& Modafacations in Mercury Filling Qperations

Plants producing mercury-filled products are particularly concerned with
mercury vapor emlssion because of the large amount of mercury consuamed, In
addition, there is typically a larger surface area of mercury exposed to the
anblent air than there 18 iv wust mercury operations, This 1s because the
operatien invelves a large quantity of preduction units, each filled with a
small quantity of mercury (higher surface area to weight ratio).

it is difficult to control the mercury vapor emissions during the fluecrescent
lamp manufacturing process, since the lamp tubes are heated immediately after
the mercury is added, increasing the propensity of the mercury to vaporize.
One plant has implemented a major process modification that eliminates this
point of emission oo the manufacturling equipment used to produce BO-90 per-
cent of the lamps. The process modification is the use of mercury~containing
capsules, or "pills,” for release of mercury in the lamp tube after the tube
has heen sealed, The pill 1s a small, sealed glass Lube {approximately 1/2
inch long and 1/16 inch in outer diameter} that contains a specified quanti-
ty of elemental mercury. Tt is manufactured at the plant using a proprie-
tary procesa,., The pill is attached to the outside of the cathode shield on

the mount assembly (Figure V-3). A thin wire iIs placed acress the pill and
Is attached on either side tv the cathode shield.

Of the two mount assemblies uaed in each lamp, only one contains a mercury
pill. When the exhaust tubes are tipped-off, the plll 15 contained inside
the sealed lamp tube, Mercury is released into the lamp tube by splitting
open the glass pill at its center,

The use af the mercury pill results in the complete enclosure of the mercury
addition process. It aleec results in a reduction in mercury usage because
the enclosed release process reduces mercury waste typleally assoclated with
the mercury addition operation.

Mercury vapor evmission from the exhaust machines (where wmercury 1s 1ntro-
duced intc the glass tubes) in the fluorescent lamp manufacturing process
way also be reduced using a mechanical device called a3 "tube cateher.”™ This
device immediately removes and contains the mercury-contaminated glass tips
that result alter the exhaust tubes are sealed clesed by the flame. The
tube catcher is a mechanically operated movable chute that reaches up and
out from the ceonter of the exhaust machine and catches the hot glass tap
released from a compression piece after the exhaust tube is sealed. The tip
falls through the chute into a disposal eontainer (Figure V-4)., A water
level 1s maintained in the container to reduce mercury vaporization. The
total cost of implementing the system an all of the exhaust machines at this
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plant was §$80,000 in 1975, Tn addition, a nitrogen blow system and extended
compressicn heolders were installed on ecach exhaust machine at a total cost
of approximately $10,000, The extended compression holder is a specfal sili-
cone rubber seal used to connect the exhaust tube of the lamp to the mercury
diffusion pump. It forms an affective seal for the vacuum at high tempera-
tures. The nitrogen blow system was designed to cleat out any résidual mer-
cury in the compression piece. As the tube catcher rises to collect the
glaas tip, nitrogen Is 1njected through the tip and mercury is blown into
the chute.

Handling mercury to be used in fi1lling operations 1s also an exposure con—
certt. One thermometer menufacturer Is currently developing a new mercury
addition system to supply mercury te its mercury-filling equipment., The new
system will eliminate the need for a worker to transfer mercury from the
purificatian area to the present addition system because both the purifica-
tion and addition ¢perations will be performed with the same equipment.

The present mercury addition system is belng replaced by an aspirator system
that will provide a purer qualizy mercury to the filler. This new system
consists of an aspirator jar (with a2 double-holed stopper at the top and a
mercury teed tube at the bottom) and an oxygen and argon injection system,
The system will work in the follewing manner:

o Mercury 18 peured into the aspirater jar and the jar 1s capped with
the double-holed stopper.

¢ The jar is evacwated through one of the stopper holes.

o Oxygen is pumped through the second stopper hele and bubbled through
the mercury to oxify (purify) it,.

o The oxygen 1= shat off and the wvacuum is released.

o Argon is injected through the first stopper hole to keep alr (with
Fotential contaminants) from coming in contact with the mercury,

o The mercury stopcock valve is opened, allowling mercury to flow out of
the sspirator and into the filler,

A summary of the "Process Substitution and Modification™ controls studied
is presented in Table V-1,

2, Containment of Mercury Sources

Containment, as a woerkplace control, 1s the enclosure of mercury and
mercury-containing preducts and wastes in order to reduce the potential for
the release of mercury into the workplace. Many methods of contalmment are
used 1n the mercury industry. Mercury trvansfer and addition operations are
contained by moving elemental mercury through closed systems using grav-

1ty, vacuum, or positive pressure, Particulate mercury is moved in a zimilar
way using pneumnatlc transfer Jevices, Mercury filling and mix operations

are contained using speclal diaspensing equipment designed to minimize hand-
ling, spillage, and waste. These methods are described as follows:

Y
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Figure V-3, §&chematie Diagram of rhe Mercury Filler.
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a. Encleosed Systems for Liguid Mercury Transfer

Manufzeturers using mercury-filling operations have developed many different
contalnment conttols. This is particularly true of producers of temperature-
gensing 1nstruments, One of the most elaborate contalnment systems 1z a
vacuum £1lling device used by one thermometer manufacturer to fill glass
tubes. The filler consists of a bell jar, a vacuum system, an oven, and a
closed mercury addition systam (Figure V-5).

The bell jar rests on an annular-shaped ceramic base set on a bench. By
lifcing the bell jar, pans of thermometere can be set inside the annular
base. The bottom of the pan rests on a set of deflection plates that cover
a hole leading to the vacuum system  These plates prevent liquid mercury
from falling intd the vacuum hale. Thete is also a l-inch, clrcular metal
lip arcund the plates to prevent mercury frem flowilng from the bhell jar base
into the hole. When the bell jar is lowered, it sets into a seal at its
base, which prevents leaks when the vacuum is drawn.

The vacuum is drawn through 2 seriles of two pumps consisting of a Cenco
HYVAC 7 fore pump {(run by a (.3-hp Dayton wmotor) and a mercury diffusion
pump, The feore pump 1s a standard vacuum pump that is capable of drawing a
vacuum down te 100 mTorr (100 um of mercury). The punp has a mercury trap
at the i1ntake. The mercury diffusion pump takes over at 100 mTorr and is
capable of drawing a vacuoum in the bell jar down te 1 mTorr (1 um),

An oven I1s used to remove moisiLure from the glass tubes and to assist in
drawing a vacuum, The oven consists of a hollow ceramic eylinder with a
stainless steel shell and a heating element. It is lowered over the beli
Jar and seals against the ceramic base,

The mercury addition system is the major control cowmponent in the mercury
filler. It is a completely enclosed system that, when coupled with the
sealed bell jar, mercury deflectlon plates, and dual vacuum system, helps to
prevent the escape of mercury liquld and vaper {inte the workplace., Mercury
is rontained in a rovered stainless steel reservoir mounted above rhe bell
jar. One treservolr is used to supply three mercury fillers. Stainless
steel tubing commects the reservoir te a stopeock valve mounted below it on
the bench. From the stopecock, additional tubing leads down under the bench
and up through a mercury feed stem Iinside the bell jar. By opening the
valve, mercury flows through the tubing to the feed stem and inte the top of
the bell jar where it falls into the pan below 1n preparation for vacuum
filling,

At one mercury switch manufacturing plant surveyed, a mercury filling machine
is wsed that has an enclosed addition system that completely eliminates any
manual handling of elemental mercury during the fil1l operation, This con-
trol centers on the use of mercury containers designed by Bethlehem Apparatus
Company. These contaioers (Figure V-6) are constructed of stainless steel
and are capable of holding BOO pounds of mercury., Each container is mounted
in a gteel frame that has welded angle-iron attachments to allow for lifring
and moving by forklift, The plant receives the filled container of mercury
from the supplier and puts 1t into service by lifting it on top of & holding
frame usding a forklift, The supply tube from the container is coonected tgo
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Figure V-6. Mercury Sterage Container.

the inlet of the mercury hold tank at the welding machine. Another tube
connects the contailner to a tank of pressurized heliwn. By copening a valve
on the supply line, mercury flows into the hold tank under the pressure of
the helium. Transferring mercury from 76-pound flasks te the hold tamk has
been eliminated, thereby eliminating a potential mercury vapor emission
source. This completely contained system could be applicable to most
mercury filling operations.

Containment of mervury in process streams 1s accomplished through the use of
effective gaskets and seals. It is Imwportant to use materials that will
minimize or eliminate leakape normally caused by thermal expansion, contrac-—
tion, and wear. Single or double mechanical seals should be used on pumps
©r other moving equipment, depending on the application.

Chlor-~alkall facilities are particularly concerned with seals and gaskets

because of the extensive piping network and large number of electrolytic
cells in the cperatiun. BSealing materials are used throughout the mercury
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cells to prevent the escape of chlorine gas and mercury vapor. One plant
surveyed nses gaskets to seal the seams where the cell covers are clamped to
the sides of the cell channels Disphragm seals are used at the points
wvhere the lead-in posts of the anodes penetrate the cell cover,
Ethylene—propylene~diene mononer (EPDM} 1s used in this service, It is
resistant to alkalles, oxidizers, and high temperatures.

At the gsame plant, special sealing materials are used on the decomposer and
the mercury sump. The seam between the flanged top of the decomposer vessel
and the steel cover bolted to 1t requires a sealing material that will not
fail when subjected to the heat of reacrion in the vessel, Asbestos gaskets
are used in straight mercury sexvice, Where chlorine is alse present, neo—
prene or HypalenR gaskets must be used, Sealing material is used to seal
the connectlon between the mercury sump and the mercury pump base-plate so
that vapor from the hot liquid mercury will not escape 1nto the ambient

g1r. All flanges and valves in the mercury aystem are similarly sealed.

Another chlor—alkali manufacturer uses continusus, two-ply rubber covers on
its mercury cells. The covers are manufactured by B.F. Goodrich and are
designed to last as long as the ancedes (approximately 18 months). Although
there is little possibility of mercury vapor escaping from the cell during
normal operation because of the vacuum created by the chlorine gas rewoval
syastem, the covers provide an effective seal that reduces mercury vapor
emission when starting up or shutting down a cell., The copper anode posts
are sealed with rubber gasketing materfal at the points where they penetrate
the rubber cover. Plant engineers are currently process testing the use of
clear Teflon cell covers, They are more expensive than the rubber covers
but are expected to last leager,

The wercury eystem on each cell has compressed asbestos gaskets at pipe and
pump connections, The plant is gradually changing over to nonasbestos
materlals (mostly Teflon). These gaskets effectively prevent mercury leaks
during operation, however, leaks periodically develcp during shutdown be-
cause of contraction at pipe flanges due to cooling.

b. Enclosed Systems for Parciculate Mercury Transfer
Unat operations typically requiring containment control include blending,
drying, prinding, sizang, transferring, and packaging,

A combined mercuric oxide grinding and packaging operation at one chemical
plant uses a particulate transfer system operated under vacuum. This reduces
mercury particulate escaping from fianges and valves and eliminates the need
for manually transferring dry mercuric oxide hetween the grinding and pack-
aging stations, Fine dust generated at the grinder 1s separated from the
oxide product by a cyclone dust separator. The product-size oxide particles
are spun to the outside of the ¢yclone and are channeled through a line to
the packaging station. The fine dust falls through the center of the cyclone
into a hopper en the bottom. It is emptied periodically into fiber drums
lined with plastie bags When emptying, the plastic bag is taped around the
bottom of the collection hopper so that the valve 1s opened the dust 1s con-
tained 1m the bag, 'The discharge from the vacuum pump, after going through
another cyclone dust separator, is exhausted to the roaf. The collected
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dust 15 removed once a week and is reproceased through the pgripnder. In a
similar operation at another chemiecal plant, the loading drums are sealed
against the packaging equipment. Pewdered PMa 1s packaged in plastic=lined
drums underneath the rotary valve and delivery chute on the baghouse parti-
culate separator., The plastic liner is connected to the chute s¢ that the
powder will not disperse into the air while a drum 1s being filled.

Materials handling methods designed to contain mercury particulate are also
enployed In amalgam mixing operations. Qne battery manufacturer has reduced
mercury vapor concentrations in its amalgamation operation through the use

of apecial material containers designed to complement the enclosed hlending
pperaticon. The particulate container, or pod, is a covered comical bin with
a spring-closed slide gate on the top cover and a handwheel~activated but-
terfly valve oun the bottom (Figure V-7). These pods can be transported on
carts with roller hearing sepports and can be maneuvered into positieon above
or below mix equipment by a heist, Material is intreduced te the pod through
a flanged delivery chute that is inserted through the =spring-closed slide
gate and attached by fastening quick-release clamps to the flanpe of the
chute, Material is removed from the ped by lifting the pod over 1ts delivery
point and opening the butterfly valve. The delivery point is usualiy a
covered hopper that feeds a screw auger. These hoppers have openings in the
top that are juet large enough to accommodate the nipple below the butterily
valve at the bottom of the cone. The benefits associated with the use of
these pods are {l1) reduced exposure to amalgam powder because the powder is
within a closed system and (2} less manual handling of materials.

c. Containment of Mexcury Products and Wastes

The mast common coantainment control for reduclng mercury vapor emlssion is
the covering of mercury-coentalning products, components, and subassemblies
as they are completed. At mast plants studied, swall mercury-containing
items such as ancdes, cathodes, cells, thermometers, and switches are stored
in covered containers for transfer and siorage.

Handling mercury-containing wastes is an important aspect of any MeErcury
operation, 'The waste must be contained to reduce mercury vapor emissiocn,
and i1t must be disposed of properly., Effective waste contaioment systems
remave and contain the waste at its point of generatian,

The exhaust tube tip containment systems used by one lamp manufacturer sur=-
veyed are good examples of mercury waste containment. The exhaust tube tips
discarded during fluorescent lamp manufacturing contain small amounts of
mercury. Since the tube tips are hot at the time they are discarded, there
1s an increased potential for emission of mercury vapor. Two types of tube
catching systems are used to reduce the mercury vapor generated. The first
type 1s a vacuum system in which a 4,500-cfm (design speciflcations) blower
draws the tube tips through several 4-inch collection pipes to a cyclone
separator. The tubes enter the collection pipe by falling into discharge
chutes located ou each end of the Iamp at the tube sealing statiom of the
lamp manufacturing machine, As the tubes enter the cyclone, they are sepa—
rated from the airstream and fall Ioto a 55-gallon drum. The exhaust air-
stream from the blower (mounted on top of the cyclone) flows through a dust
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separator hefore belng vented to the roof. The cyclone has a flexible dis-
charge duet that connects to a cover clamped onto the 55-gallon drum. The
system is entirely enclosed When the drum {& filled to capacity, the cover
1s vnclamped and the drum is transported te & central refuse collection
pelot.

The second rype of tube catcher ie a gravity system. Exhaust tube tips fall
into a discharge that leads to a covered bucket on the flgor below, The
bucket 1s connected ko its cover by a seal-tight clamp., Buckets are emptied
every 2 or 3 days,

d. Containment of Mercury Using Water and Chemical Suppression

When mercury—contalning waste is not completely sealed in a4 drum or other
waste container, it should be kept under a level of water (usually 5-6
inches),

Water serves to suppress vaporization of mercury in the waste, Widely
applied across all mercury-usinpg Industries, water supressien is a simple
mercury vapor coatrel that 13 used for the following:

o scrap apalgam in the dental lndustry

o rejeck materials in the battery industry (anodes, cathodes, chemical
mixes, and cells)

o exhaust tube tips in the fluorescent lamp Industry
¢ broken thermometers
0 reject and broken mercury switches,

Water may also be an effective control for reducing mercury vapor emliasion
from elemental mercury used as & contact In electrical processes, The inlet
and outlet boxes of electrolytic cells are both scurces for the poteatial
escape of mercury vapor. At these points, mercury heated in the electroly-
ftic process passes Iin and out of the cell by flowing through submerged welr
type gates. Maintaining water over the mercury in these boxes helps sup-
press mercury vaporization, However, as the water is heated due to contact
with the hot mercury, mercury vaper may escape more readily. One plant has
solved this problem by installing recirculating, chilled water systems, one
for the inlet boxes (Figure V-8) and ome for the outlet boxes. Each system
congists af a surge tank, a 240-gallon-per-minute pump, a chiller unit, and
a manifeld piping system that circulates water to each cell in parallel,
Water from the chiller enters one side of the box, flows over the mercury,
and exits through the other side of the box  The system supplies 20-30 C
(68-85 F) water over the mercury at all times,

In additien to water, other chemicals have been found to suppress mercury
vaperlzation. Mercury vapor emission from the concéentrate at a mercury mine
was sipnificantly reduced using sodium sulfide (Naj5) as a mercury vapor
suppressant. At the grinder feed in the processing mill, ore from the feed
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conveyor comblnes with oversized milled ore returned from the cyclone separ~
ator, Plant representatives have found that the addition of aqueous Nag$
helps to suppress the gencration of mercury vapor at thils point. ZExperi-
ments conducted by the safety engineer have shown that mercury vapor concen-
tratiomns are inversely proportional to the Nag5 addition rate (Figure V-9,
The problem, as can be seen on the graph, is that increasing the addition of
Nas$8 reduces mercurlc sulfide flotatlon and therefeore increases the tail-
ings losses, There is a tradeoff between the handling costs of tallings and
mercury vapor control, and the plant has found the equilibrium point te be
the addition of Nap8 at a rate of 150 cefore ton, This corresponds to an
addition rate of 0.04 pounds/ore ton,

A commonly used mercury vaper suppressant is HgXR, manufactured by Acton
Associater in Pittston, Pennsylvania. HgXR 1s a pelysulfide conpound that
chemically binds with liquid mercury, minimizing Its vaperization. 1t is
used for cleaning work surfaces, equipment, and 1n mercury spills, A dental
clinic is currently investigating the use of sodium thiosulfate seolution as
a4 mercury vapor suppressant to cover waste mercury and amalgam, The effec—
tiveness of this contrgl has uot yet been determined,

e. Removal of Mercury Spills

In conjunction wWith HgX® usage for cleaning mercury spiils, many piants

use speclally designed spill remeval equipment. Ome fluorescent lamp manu-
facturer has twWe cart-mounted melcury vacuwn pumps used to pick up mercury
spills. The pumps are manufactured by Cencoe Megavacs (Central Scilentific
Company} and operated by l1-hp motors. A rubber hose with an inline mercury
trap and 8 I/8-inch copper tube tip is used to draw in the mercury. The
narroew diameter copper tip 158 used to increase the suction velocity, thereby
farilitating the mercury cleanup. The mercury trap has a tap at the bottom
through which the mercury i1s drained.

Another plant uses two Stokes Model SC2 vacuum pumps mounted on pertable
carts for c¢leaning up mercury spills, Suctlon 1s drawn through & flexible
rubber hose that has an inline covered mercury trap, FPlant representatives
have been using different filters on the discharge of the pumps to reduce
mercury vapor emitted during spill cleanup. It was determined that a series
of three AMF GUNO Filters (Medel 1M1} were needed to keep mercury vapor
emissions from exceeding 0.10 mgfm3 during pump operation while cleaning

up spills. After further experimentation, it was found that one Koby Senior
¥ing A0 falter (NLA Products, West Point, Pennsylvania) controls mercury
vapor emiszions below 0.10 mg/m>.

One dental clinic uses a portable vacuwm pump (Gomco Surgical Mfg.) mounted
on a small pushcart tco remoave spllls that cannot be reached by the vacuum
system located at the operatory bays., BSpilled mercury is drawn through
plastic tubing to an inline plasric bottle that acts as a liquid wercury
trap. The vacuum pump exhausts through a replaceable fiber filter (not in-
tended to remove merrury vapor). The use of this pump on & mercury spill
was found to increase the mercury vaper concentration in the workplace,
After vacuuming a spill, mercury collected in the beottle is transferred to a
¢closed container for disposal with other clinic mercury waste.
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A portable spill cleanup kit may be used for smaller mercutry spllls. One kit
{manufactured by Science Related Materials) contains a sponge, a sucticn
unit, a JM 8707 reapirator, and mercury-absorbing material. The spounge has

u mercury absorbent material on one side., The suctien unit is a hand-
operated plastic plece with a mercury trap that is capable of creating
enough vacuum to draw a small amount of mercury off a work surface. The
metcury-absorbent material is spread over the splll area to amalgamate the
mercury aod suppress vapor emission,

Many facilities handling mercury use a more conventional type of industrial
yacuum cleaner that has been specially adapted for mercury use. These vacuum
cleaners are mobile, stainless steel, can—style units usually equipped with
a 1.5~1inch suction hose, vacuum pump, inline mercury trap, and vapor or par-
ti1culate filter. They typically pravide an airflow of approximately 80 cfm
and a maximum vacuum of 70 Inches of water, The inline mercury trap is used
to collect the mercury before it reaches the vacuum pump. The trap is us-—
ually a removable plastic container the size of a small can. The filters
used are charcoal and/or high-efficiency particulate alr (HEPA)} filters,
Charccal filters are used to Temove mercury vapor from the vacuum pump dis-
charge. HEPA filters are effective in removing mercury particulate (oxide,
etc,) from the discharge. Filters must be changed periodically depending on
contaminant levels found at the discharge. HManufacturers of vacuum cleaners
desligned for mercury service include Nilfisk, National Super Service,
Mer—Vac, and Dayton,

One plant eliminated the potential for contaminating the workplace (because
of mercury vapor breaking through the chareccal filter) by reuting, the vacuun
pump diecharge through a flexible hose to an cutside vent,

Facilities requiring frequent cleanup of metcury splile and removal of ex-~
cess mercury from work surfaces generally employ central vacuum systems,
Cne manufacturer of {emperature-sensing elements {8 particularly roncerned
with removing and containing mercury that is displaced im one of its opera-
tions. The plant uses a central vacuum system consisting nf a dust separator
and a 270-cim Multi-Srage Ceantrifugal Turbe Alr Exhauster, operating at a
vacuum of 5.5 inches of mercury, The exhauster 18 driven by a 20 hp motor.
The system has eight vacuum inlets in the building, each equipped with
?2-inch flexible hoses. Each inlet has a cylindrical mercury trap with an
internal balfle. The baffle prevents elemental mercury from being drawn
into the vacuum s¥stem,

f. Sealing Work Surfaces and Floorg to Prevent Mercury Fenetratiom

To facilitate mercury removal by vacuuming or cleaning and to prevent mer-
cury penetratian, certain materials are used for work surfaces. The mater-
ials used are usually smooth, impermeable, and free of cracks and gaps.
Permeable surfaces such as wood allow mercuty perpeation, creating a
continuous mercury vapor emisslon source.
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Worktables used by one thermometer manufacturer aurveyed have been designed
to winimize mercury ahsorption and spillage. All work surfaces azre made of
gtalinless steel to prevent mercury permeation. Tables where workers stotre
thermometers have elther half-Inch lips around the edges or gutters along
the sides to contaln the mercury droplets and to prevent them from falling
off the table., The gutters have a drain hole through which mercury may be
removed., All table legs are caulked at the floor to prevent mercury from
¢ollecting under them.

To reduce mercury permeation into cement floors, a l/4-inch coating of epoxy
resin {extended with a fine aggrepate) has been applied to the basement
floor of the cell room at a chlor-alkalil plant. The coatling, manufactured
by both Conchem or Permachem, is applied by troweling, like cement. Cracks
between [loor sectlon joints are filled with an epoxy compound containing &
finer aggregate, This compound has a higher elasticity than the floor
coating and allows for expansion and contraction between fleoor sections,
thus preventing the formation of cracks. The compound is avallable from the
same manufacturers who make the floor coating. Another chlor-alkall plant
uses Cell Cote 682 or 505 to minimize absorption of mercury inte cement
floors,

The epoxy flcors of the Fill Room of a switch manufacturer are dark green to
allow [or easy detection of liquid mercury. The epoxy coating 1s also used
as a ceoping agaionst the walls in the room. This creates a l-inch lip where
the floor meets the walls, thereby minilmizing seepage of mercury between
these two surfaces,

One thermometer manufacturer totally recovered the floor of 1ts manufactur-
ing area to reduce the abscrption of mercury into the wood fleors. The base
of the main fleor {11,000 square feer) was cleansed with several applica-
tions of HgXR, covercd with 1/4-inch plywood, sealed with vinyl epoxy, and
covered with vinyl tiles at a cost of $12,190 (1980). The floor of the
plant's mercury Fill Room (440 square feet) was covered with several sheets
of vinyl that were sealed together to form a single sheet. This was done at
a cost of $1,762 (1980).

A summary of the "Containment” controls studied is presented in Table V-2,

3. Ventilated Enclosure

Ventilated enclosures are used to contaln and remove mercury vapcr and par-
ticulate generated at or in process equipment and machinery. A ventilated
enclosure should combine process practicality with effective contaminant
capture, Exhaust ailr ducts should be opposite the access polints of the
enclogure to draw air {and mercury) away from the woerker'se breathing zone,
It 1s important ta have an opening in the unit (such as a port, access point,
plastic strip curtain, or small crack) so that the exhauster 1s able to draw
air through the emnclosure. If supply alr is used in the enclosure in com—
bination with the exhaust air, it must be at a lower flow rate and divected
in line with the exhaust stream, otherwlse, the supply air will disperse the
contaminants.
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a. Ventilated Enclosure of Process Equipment

A ventilated enclosure 1s used at the mill in a mercury mine to remove mer-—
cury vapor and particulate generated by a ¢-foot-diameter disc filter at the
furnace feed., The enclosure is constructed of fiberglass and fiberglass~
coated wond. The exhaust ductk iIs standard PVC piping. These materials are
used instead of metal because of the corrosive sulfur dioxide gas present in
the gas stream, The enclosure is exhausted by a 3,500-cfm fan lacated on
the rocf, This control 1s important because furnace coperations occcasionally
fluctuate between negative ang positive pressure, allowing hot mercury vapor
ta travel back through the feed screw conveyor and inte the filcer. This
concept of controlling the release of mercury vapor at operations that may
experlence pressure fluctuations can be applied to wercury stills, retorts,
and reactors., The concentrate storage tank at the mill 1s alse encloeed and
vantllated to control mercury vapor. The tank is exhausted through PVC
piping that leads toe the same 3,500-cfm exhaust fan used for the filter hood,

Manufacturing processes that require the use of mercury as an electrical
contact use ventllated enclesures for controlling vapor emissions from mer-
cuty pools. A sintering operation studied has cakinet-style ventilared
enclosures over the mercury cups used in its process. The enclosures have a
separate, vertically sliding door for each bottle, The doors are kepk
closed except when 2 bar 15 loaded or unloaded from a bottle. Each set of
ventllated encleosures has 12— by 1i-inch exhaust air ducts coming off both
s1des. The ducts combine Into a 22- by 2Z2-inch central duct that leads to a
600-cfm roof exhaust fan This system was designed and installed to draw
air through the faces of the eanclosure f{or each sinteripng unit and exhaust
the air along with the mereury vapor emicted from the cups. The mercuty
wells used in a copper platling operation are contained in ventilated enclo-
sures that exhaust Lo a mercury vapor filter. Each well has a Plexiglas
cover wath a flexible duct connected to a manifold., There are two mani-
folds, one for each set of drum plating units of the plant. Each manifold
exhausts to a Calpgon Venc—-sorh filcer (described in sectlon on “Mercury
Remecval from Alrstreams™ p. 83). The two fllters are connected to a common
blower that draws the air through the entire system. The blowexr is a DR 6
Roton blower rated at 100 cfm,

To reduce the potential for mercury vapor escaping from the ifnlet and ocutlet
boxes on the electrolytic cells at a chlor-alkali plant, the hoxes have been
designed with ventilated enclosures. Each box has a steel cover over it
with access doors for mercury additieq and removal. This enclosure hag an
exhaust air takeoff that leads to an exhaust manifold comnected to the ather
cells., The air is exhausted by a 1,300 cfm compressor located on one slde
of the cell room. The original system was exhauSted through a roof stack,
Environmental concerns about emilssion uf mercutry vapor into the awbient air
prompted the company te Enstsll a Pura-5ivR mercury removal system (des—
cribed in section on "Mercury Removal from Alrstteams”) similar to the one
used to remove mercury from the hydrogen preduct stream, By removing mer-
cury from the airstream, plant representatives feel that they have also
lndirectly reduced metcury vapor levels in the workplace because the air
exhausted through the stack may have been contaminaring the supply air that
entered the bullding,
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b, Ventilated Enclosure of Manufacturing Machinery

Ventilated enclosures can provide effective control for mercury emigsion

from manufacturing machincry. Manufacturers of mercury bucton cells use

ventilated enclosures to reduce worker axposure to mercury particulate in
grinding, screening, and pelletizing vperations.

One button cell manufacturer encloses its presses, slant screens, and granu-
laters in hox-shaped (approximately 6 feet high) Plexiglas structures with
three or four exhaust takeoffs (Figure Vv-10)., A 50-fpm minimum air velocity
ls maintained across the enclosures., Two baghouses ave wsed to filter the
particulate from the exhaust airstream. FPlaot management becawme concerned
over increased worker exposure to particulate relating to Lhe use of these
enclosures., It was found that the worker access pelints Iin the enclosures
wvere gltuvated In positions that had high particulate concentrations. To
solve this problem, they redesigned the enclosures so that workers can make
ad justments to the units from outside of the enclosure rather than from
inside, The sections of the machinery that are now enclosed and ventilated
require little or na worker acceas, The cost of these new enclosures is
estimated to be %$5,000 per unit (1981).

The same manufacturer stores its completed anodes and cathodes in ventllated
enclosures on the cell assembly lines. FEach enclosure has an exhaust air
takeoff leading to a baghouse,

Aanother button cell manufaciurer uses Plexliglas exhaust siructures to en—
close its mixing, pelletizing, and consolidatiog machinery. The mixing of
powders is conducted inside a ventilated glove box (Fipure V-11}. The glove
box enables a2 worker to handle containers of powder and to opetrate a mlixer
witheut risking dermal contact with the mercuric oxide powder. It also al-
lows these operations to be performed inside a completely enclosed hood,
minimizing the risk of workers breathing the powder. Enclosures around the
machinery that frequently rYequires human aceess are equipped with "iris
ports.” An iris port is a hele in the Plexiglas that has a ring of rubber
flaps coverdng it. When machine accese 1s neceasary, the worker slips his
arm through the flaps, which become snug around his arm to allaow minimal
airflew out of the port. 1Iris ports also allow a small amount of air to be
drawn through the port. An iris port is shown in the center of the glove
box in Figure V~11.

One manufacturer of temperature—sensing elements has developed unique ven-—
tilated enclosures that are directly applicable only toe that process, how-
ever, the principles of performance may be applied in the construction of
enclosutres for other industries. The mercury fill station at this faciliry
15 an enclosed workbench with a manifold designed te fi1ll 12 capillary-bulb
agssemblies at one time. The station enclosure 1s a fixed, three—sided
stainless steel hood (Figure V-12) with a cable lift, windowed door at the
front (Figure ¥-13)} that i1s kept closed during the fill process. Alr is
exhausted chrough a &—ineh duct on the tap of the unit. Outside air is sup-
plied to the encleosure through two 4-inch flexible ducts located adjacent to
the base of the door. When the door 1s In the closed position, a conduit
(built into the door) equipped with speclally pesiticned distribution baffles
is used to provide a uniform airflow across the face of the station, A
stainless steel, sloped tray containing 3 inches of water 1s wounted below
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Firgure V-10., Plexiglas Machine Enclosure.



Figure V-11. Glove BOX.

«~H3-



Figure ¥-12. Mercury Fill Stacion Hood.

1l

Figure V-13}. Mercury Fill Station With Door Opened Showing the Manifold.



the manifold to hold mercury droplets that may leak out during the filling
process, The water réduces mercury vapor emitted from the droplets. Mer-
cury 1s pericdicaily drained from this tray through a trap in the bottom.

A summary of the "Ventilated Encleosure”™ controls studied is presented in
Table V-3,

4, Local Exhaust Ventilatien

Local exhaust ventilation 1s used to control uncontained emission sources §o
that mercutry vapor and particulate are removed from the source guickly and
effectively. The two mosL ilmportant requirements for local exhaust ventila-
tion systems are. (1) the exhaust airflow is away from the worker's breath-
ing zene, and (2} the physical desipn and airflow of the veutilater provide
ef fective capture and removal of the contaminant, The exhaust airflow from
the lorcal exhaust ventilation systew should be to the exterior of the build-
1ng or preferably to a mercury vapor/particulate filter system. Different
types of local exhaust ventilation syatems employed for various mercury
pperations ate presented In this section.

a. Work station Fxhaust Hoods

Industries with mercury-filling operations usually rely heavily on local ex-
haust ventilation far controllipg metrcury vapor., This 1s particularly true
of operations performed at workbenches, An exhaust hood used at 2 calibra-
tion station at a thermometer manufacturing facility is a three-sgided,
stainless steel booth with two 10-inch-diameter wall exhaust fans mounted
inside, The booth egncleses a& workbench contalning oil and water baths for
calibrating the mercury-filled glass tubes. The booth 1s 80 inches wide by
4B 1nches high by 22 inches deep. The face of the unit 18 slanted and the
velocity measured across 1t was 21 fpm. Total airflow through the unit was
calculaced to be 330 cfm. The cost of this hood was $1,800 (1977). This
three—sided exhaust hood is typical of many local exhaust ventilatrion sys-
tems at mercury work stations except that the face velecity was relatively
low

Some exhaust hoods have additiomal local exhaust ventilation systems mounted
inside. An example of this type of hoed is found at a work station in a
mercury bottle filling operation The statlon, consisting of two bottle
fillers, 1s enclosed by a three—slded exhaust hoced. The roof exhaust fan
for the work station 1s a 1,400-cfm (design) Greenbeck Model CBEL884 situ-
ated outside of the building. The fan draws ailr through a 3- by 70-inch
slat at the back of the hood at bench level, and through two gooseneck lecal
exhanat hoods {6- by 0-inch openings) located lmmedlately above each bottle
filler, There are two Mylar sheets on the front of the hood that, when
drawn down across the face of the hood, increase exhaust air velocity
threugh the remaining open hood space (Figure V-14) The air velocity
across the face of the three—sided exhaust hood was measured to be approxi-
mately 100 fpm. Measurements of the Individual local exhausters inside the
hood yielded the following results

o local exhaust over each hottle filler - approuximately 600 fpm
{150 cfw each}

a siot hood — approximately 550 fpm (800 cfm}.
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Figure V-14. Mylar Sheet Across the Face of the Exhaust Hood,

Fluorescent lamp manufacturers use workbenches with exhaust hoods for £illing
mercury desers {for the exhaust machines}, working on mercury—-contaminated
parts, and purlfying mercury Lhrough oxification and filtration, The three-
slded hood used at the doser fllling station at one plant has a vertically
sliding Plexiglas door. The door is lowered as much as possible while still
allowing enough room fer the workers' hands to reach the equipment inside
the hood. This increases the alr velocity across the face of the hood.
Other features at the work seation dpclude (1) a stainless steel work sur—
face with a lipped edge to prevent mercury from falling ofi the bench, {2} a
grated section covering & water—-filled sink to contain spilled mercury drop-
lets and suppress vaperization, and (3) an air supply vent at the outside of
the hood to provide dilution alr for the worker.

Smaller operations performed on mercury products at workbenches are fre-

gquently controlled through the use of smaller exhaust hoods. Examples of
these include slot hoods, canopy hoods, and backdraft rectangular hoods.

These controls are typlcally situated immediately adjacent to the mercury
use ared.

One thermometer manufacturer uses a workbench local exhaust ventilation sys-
tem consisting of five bench-mounted, tapered, rectangular exhaust hoods (g§-
by l0-inch horizontal intake}. Each hood 1s mounted approximately 2 inches
off the surface of the workbench. The units are exhausted by a 20-inch-
diameter wall fan. Measured alrflow throwgh sach hood was approxzimately 50
cfm (280 fpm}). Smoke tuhe testing showed that the capture zone on these
units extended approximately 4 inches, not adequate for effective removal of
mercury vapor from the workbench, The cost of this local exhaust ventila-—

tion system was $1,503 (1977).



b. EgquipmenC Exhausters

Local exhaust ventllation 1s frequently employed te remove mercury vapor
and/or particulate penerated at manufacturing equipment. This type of local
exhaust ventilation system 15 usually custom desipgned to fit specifie mer-
cury handling machines and devices, One mercury switch manufacturer uses a
specially designed circular stot exhaust hood to draw alr over the mercury-
containing metal cans rlding In carrier cups on the filling and welding
machine. The eircle 1s 40 inches in diameter with a l-inch-high slot around
the perimeter. A l6é-inch circular exhaust duct extends from the center of
the caircular slot exhaust to an exhaust network at ceiling level, The
average velocity through the slot heod was found to be 1,500 fpm, which
1ndicates an exhaust airflow of 1,300 cfm. Contaminant capture distance
measutred using a smoke tube shows effective capture across all of the car-
rier cups on the welding machine,

One mercury switch manufacturer uses flat, circular exhaust hoods directly
over 1ts filling machines to remove mercury vapor. In addition teo this, air
is exhausted from the periphery of the filling machine using curved slot
hoods. A small, heorizentally faced local exhaust ventilation system is sit-
uated directly in frout of the fill station on the machine. Some machines
have plastic strip curtains suspended from the circular exhaust hoods. The
strip curtain helps to contain the mercury vapor generated, and it Increases
the face velocity across the open areas of the curtain where the workers
access the machinery., The plant management has found that this control re-
duces mercury vapor concentrations, and has plans to install plastic cur-
tains on all of the circular exhaust hoods,

Fluorescent lamp manufacturers use exhaust hoods over their mercury filling
machinery, These hoods remove heat and mercury vapor generated in the pro-—
cess. One manufacturer uses an exhaust hood that covers the top and part of
the sides of the machinery. The exhaust air takeoffs from the hood lead to
a 7,500~cfm exhaust fan. Another lamp manufacturer has attempted to remove
heat and mercury vapor from the lamp manufacturing equipment by installing
commercially available FyrepelR shrouds over the machinery in one of its
production areas (Flgure V-15)., The shrouds are similar to large exhaust
ducts leading from above the machines to certain roof exhaust fans, They
create a chimney effect that directs the exhaust mirflow from the points of
mercury vapor and heat generation to the roof exhausc.

Loacal exhaust ventilation systems are employed at various points in chemfcal
manufacturing pracesses. One manufacturer of mercuric and mercurous chloride
uses an exhaust heod that is sftuated cver the door of the mercuric/mercurous
chloride teactor to remave mercury vapor released when the door is apened.
The face of the hood is approximately 30 Inches wide by 6 inches deep. It

leads to a roof exhaust fan and a caustic scrubber for chlorine gas and mer-
cury vapor removal,

The PMA drying, granding, and packaging operation at one plant has a local
exhaust ventilation gystem consisting of three 12-inch-diameter exhaust air
takeoffs. One takeoff is adjacent to the station where the PMA 1s loaded
into drums after drying. The second takeoff 1s an exhaust hood mounted on
the side of the lvading hopper for the grinder. The third takeoff is a
semicircular slot hood mounted at the edge of the drum loading stand for PMA
coming off the grinder (Figure V-16). The ducts from these takeoffs connect

~H8—-



I iR NENNEN
\ LTI
‘“ T

\ 'WJU i,

: \\g _|1\\\»§\Wz

= .‘..d. sai; TN,

\\\\\M\lﬂM‘ﬂ mm:

AT,
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to a blower that exhausts into a large tonical-shaped bag {Figure V-17}
mounted in an upper ccorner of the bullding. The bag collects the powlder
dispersed into the air at the three locations previously mentloned.

Figure V-17. Filter Bag for Remcving PMA from Exhaust Air.

Another PMA manufacturer uses a speclally designed, ventilated charger hood
for the addition of mercuric oxide to reactor vessels. This control reduces
worker exposurc to mercury particulate generated whem bags of the oxlde are
opened and émptied into the manhole on the reactor. The charger hood
(Figure V-18) 1s a stainless steel structure with openings for the manhole,

an exhaust duct, and a waste disposal bag. The hood 18 used in the follow—
ing manner:

¢ The reactor manhole is opened, vacuum is applied to the reactor, and
the hood 1s put in place over the opening.

o A flexible exhaust duct 15 comnnected to an opening on the top of the
hoed .
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Figure V~18. Mercuric Oxide Charger Hood Design,
Reference: Plant Drawing from site visit

¢ 4 plastlc refuse bag is connected to an opening on the side of the
hoed.

o The worker opens the plastic liner of the 50-pound mercuric oxide
contalner and empties the bag into the manhole.

o The ewpty bag 1s put into the refuse bag on the side of the hood,
The refuse bag 15 sealed and disposed of in a drum for hazardous
wasce.

o The exhaust ducr is disconnected, the hood is removed from the
cpening, the teactor is vented, and the manhele 1s closed.,

The exheust hood is movable sco that it can be used at any reactor baing
charged with mercuric oxide. The exhaust duct leads to a roof exhaust fan
that draws approxlmately 430 efm (measured). A HEPA filter is used to
remove the particulate mercury from the exhaust airstream.

DMlute PMA powder mixed in a V-blender at the same facility 1z loaded in
drums under a specially designed exhaust ventilation unit. The unit con-
sists of a plastic dust hood (Figure V-19) that 1s hydraulically lowered

over the empty drum before f1lling. Three flexible exhaust air ducts are
attached te the hood. Before loading the drum, a flexible chute is conmnected
from the hood to the blender discharge. This helps to enclose the fill sys-

tem and reduces powder dispersion. The exhaust air ducts lead to a lé-bag
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Mikero Pul 165-8-30 baghouse that wses a pneunatically controlled knocker to
shake filtered particles iuto a waste drum. Waste 1B recycled through the
klending process.

—— e ]

gx1sting drum ax1sting drum

Shroud Oust ColTector
[Section View) {ExpTaded Yiew)

Figure V=19. Schematic Drawing of Drum Loading Hood.

Reference. Plant drawing from site visited.

A T1lier press vsed at the plant in the purification of a liquid PMA product
hag a 2.5~ by 5-foot exhaust hood that is lowered over the press while ic is
operating, The hood has a large baffle inside that creates a l-inch slot
around the periphery of the hood to increase exhaust air velocity, A 12-inch
exhaunat duct cennects the hood te the same exhaust fan used for the mercuric
oxide charger hoed, The two controls can be isolated so that approximately
230 cfm can be drawn at either heod.

A summary of the "Local Exhaust Ventilation” coatrols studied is presented
in Table V-4,

5. Temperature Control
The vapor pressure of mercury significantly affects the workplace mercury

vapor concentration, The temperature of the mercury and/or the workplace

alr In any mercury-using facility determines the degree of vaporization of
mercury.
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Mdny facilities haodling mercury exposed te the ambient alr malntaln a work-
place temperature of approximately 20 C (68 F}. Table ¥-5 illustrates how a
deviation of a few degrees above 20 C results ia a significant increase in
the vapor pressure of mercury. The table shows that by raising the awbient
air temperature from 18 C (64.4 F) te 26 C (78.8 F), rhe vapor pressure of
mercury 15 doubled. It can also be seen that a temperarure increase from

24 C to 26 € results in almost twice the vapor pressure increase as a
temperature increase from 16 C to 1§ €. Lowering the temperature z few
degrees 1n an environment where a large amount of mercury 1s used may make
the difference between achieving or exceeding the 0SHA PEL.

TABLE V-5

Temperature Effect on Mercury Vapor Pressure

Saruration Conc. Vapor pressure of Hg

Temp (C)  Tewp (F) (mg/M3) {1n 1075 mm Hg)
16 60.8 9.40 B4b
18 B4.4 11.15 1009
20 68.0 13,18 1201
22 71.6 15.54 1426
24 75.2 18,31 1691
26 78.8 21.53 2000
28 Bl.4 25.20 2359
30 86.0 29.49 2777

Mercury switch manufacrurers rely heavily un temperature to control merauyy
vaperization. In one plantr surveyed, wanagewent plares a high prlority on
maintaining temperatures between 18 and 20 € (64.4 and A8 F) at all times in
the mercury Fiil Room. There are four rhermometers in the room, and if the
remperature of any one ¢f them 1s found to exceed 21 C (6%.8 F), the opera-
tion 15 shuf down and persconel are evacuared. Alr in the room is maintained
at this temperature using a General Electrir air-conditioner incorporated
into the air handling unitr, Temperarure is set ond monitored along with
humidity oo o wmaster confrol panel located in rhe mercury Fill Room. Plant
reprezentatives feel rhat remperatrure countrol 15 the most effective control
used at theilr plant for the prevention of worker exposure to mercury.

One electroplating plant studied uses temperature confrol to reduce the vapor

generated from the mercury fontact wells. The wells were onde a major source
of mertury vapur contamination because the temperature of mercury in the

-75-



waells could be as high as 81 C (1/9.6 F) depending on the equipment and

operating conditions.
180 Fy. Plant efforts were focused on
cooling the welle with chiiled water.

constructed with stainless steel wdter
were teworked to accommodate a cooling
well bodies to act as channels for the

The cocling system consists of a water

The normal operating range is 26 to 62 C (7B.8 to

reducing these temperatures hy

All new wells purchased were

jackets on three sides. 0lder wells
gystem by drilling heles through the
chilled water.

hold tank, two pumps oOperating in

parallel, a chiller bundle, and & ¢losed loop pipe network that feeds each
mercury well and returns the water through a wanifold back to the held tank.
The cost of the cocling system was approximately $18,000 in 1980. The
system provides a flow of chilled water (4.4-10 () (39.9-50 F) that
maintains mercury temperatures between 15 and 26 C (59 and 78.8 F).
Controllang the temperature of mercury to an average of 21 C (69.8 F) rather
than at 26-82 C (78.8-180 F} {average 130 F) can reduce the vapor presgsute
by a factor of 13. This reduces the mercury vapor concentrations, due to
vaporization at the wells, to levels that can be contrelled using standard
exhaust ventilation procedures, A ¢ity water header is tied into the system
to be used iIn the event the chiiler is imoperative,

A summary of "Temperature" controls studied Is presented in Table V~5,

6. Diluticn Ventilation

At the plante surveyed, Jilution ventilation was the wost common engineering
contteol used to reduce workplace mercury vapor and particulate concentra-
tions. Air must be moved through the woerkplace at a rate sufficient to pre-
vent the buildup of hazardous concentrations of mercury, At the same time,
the airflow must be well directed to provide ccnsiatent ventilation and min—
lmal dead areas (where little air movement occurs). Unidirectional flow
{from cne wall to another or from celling te floor) helps to achieve this.
Older manufacturing facilities frequently have several add-on ventilation
systems installed over a pericd of time, making it difficult to provide uni-
directionat flow, These systems often require preater ventilation capacity
than unidirectional systems to be effective in remeving mercuty vapor or
particulate frow the workplace.

Supplled dilution air at any plant using wmercury is usually conditioned for
three reasons. (1) worker comfort, (2) process requirements, and (3) milnimi-
zation of mercury vapor concentrations, Conditioning supply air typically
invalves high operating costs, a point to be seriously considered when eval-
uating the use of dilution ventilation as a mercury control. For this rea—
gon, wany facilicies employ wholly ar partially rvecirculacing alr systems
with filters to remove mercury vapor and particulate from the workplace.
Although filter cost and maintenance are higher with recirculatlng systems,
the overall operating costs are usually lower.

A4 selection of dilution ventilation systems is presented in this section to
provide a general review of ventilation arrangements in use at mercury-using

industries., ZEach design 1s slightly different in its approach to moving air
through the werkplace,
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a, Dilution Vertilation Using Air Supply and Exbaust Systems

The metcuty Fill Room at one mercury switch manufacturer was designed with a
separate ventilation system consisting of a 5,000~cfm {design) air supply
system and & 3,300~efm {deslgn) air exhaust system. The volume of the room
is approximately 19,000 cu ft. The 500-cfm difference between air exhausted
and alr supplled was designed to wmaintaln a negatfve pressure in the Fill
Room, preventing mercury vapor from escaping inte adjacent assembly areas.
Testing alr movement With a smoke tube verified that this negative pressure
was being achieved,.

The air supply system consists of an intake louver, a filter box, and a GE
air handler. Air i1s supplied through five circular ceiling diffusers. Dur-
fug operating hours (6 a.m. to 10 p.,m,), supply air 1= 100 percent sutside
air, The air exhaust system consists of 8 Powerline fan powered by a 1,3-
horsepower motor., It operates at 4 suction pressure of (.25 inches of water.
Alr 1s exhausted from the room through three local exhausts and five fleoor
exhauats, The floor exhausts are retangular ducts that extend from ceiling
level to within 5 inches of the floor., The exhaust fan for the entire sys—
tem 1s located on the rocf,

To conserve energy, the ventilation system in the Fill Room is operated in a
partial recirculation mode during nonproduction hours (10 p.m. to 6 a.m.)}.
There atre no workers in the room during this period, and the mercury is not
exposed to the ambient air. Recirculation 1s accomplished through the use
of 4n exhaust vent situated at celling level in the F1ll Roem., This vent
connects through ductwork to the suction side of the air handler. At

10 p.m., an automatic control system closes the outaide air louver on the
supply system and opens a louver between the recirculation exhaust vent and

the alr handler. Part of the conditioned air is now recirculated, reducing
the energy costs of conditionlong cutside air,

Another mercury switch manufacturer currently uses a partial recirculation

system but is im the process of changing over to a 100 percent outslde air
gsystem,

The existing alr supply system in the wercury Fill Room at the plant delivers
approximately 16,000 c¢fm, urilizing two 8,000-cfm Lennox air handlers. Each
unit has & 253-ton Carrier cooling coil. It is a constant volume, variable
temperature system that supplics about 80 percent makeup air to the room.

An Economizer centrol system regulates the alr by automatically controlling
dampers, This allows for intake of putside air or preconditioned air from
another part of the plant. Intake from these two spurces is balanced to
mimimize the temperature adjustment needed. However, plant representatives
feel that this system is not working optimally and a new ailr supply system

15 being designed to replace the north air handler.

The proposed $150,000 air supply unit is a single 120~ton (1,440,000 Btu/
hour) air handler designed to supply 16,000 cfm of outside makeup sir at a
temperature of 19 C (66 ¥) Heating capacity for the new unit will be
1,250,000 Btu/hour. The alr handler will reduce temperature cycling, which
results from the Economizer control on the existing unit's air—comnditioner,
Four-szage cooling will be accomplished using four 30-ton compressors, High-
er energy costse are expected with the new sysitem because only outside aar
will be used. The existing south air handler will remain operational for

use as a backup pystem whenever the outside ailr temperature exceeds 37,8 ©
(100 F).
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Fluorescent lamp manufacturers typically have an extensive dilution wventila-
tion system because of the large amount of mercury that is heated in the
process. Local exhausting of mercury contamimated air is usually not
sufficlent to maintaln acceptable workplace mercury vapor concentrations.

One lamp manufacturer has an underground duct system for supplying fresh alr
te ventlilators along the side walls of the production floor. This alr sup—
ply system was bullt inte each of the fluorescent lamp production buildings
at the plant to provide the dilution ventilation necessary to control
mercury vapar.

An important compoment of the plant supply air system is the local fresh ajir
supply provided at work stations. A local fresh alr supply system was in-—
stalled in one of the lamp production buildings in 1972 at a cost of $80,000.
This system supplies diletion afir to work stations that typleally have higher
than background concentrations of mercury vapor {Flgure V-20). Examples of
these areas are Lhe tip—off area on the exhaust machines and the loading

area at the basing machines, The basing machine area has a potential for
elevated mercury vapor concentratlons because of its proximity to the ex-—
haust machine (peint of mercury addiecion). The local air supply is designed
to reduce the exposure of the operator working at this station by providing
cool fresh air at the worker's breathing zone.

Figure V-20. Local Fresh Adr Supply.



An effectlve dilution venlilation system that employs local fresh afir supply
and unidirectional airflow acrase the plant was found at ancther lamp manu-
facturing plant. Supply air for the plant is provided by 10 ITT Nesbhit
heating and ventilating units. They provide heated outside air in the
winter and untempered outside air in the summer. Roof mounted exhaust air
fans are leocated at the opposite end of the bullding. The general movement

of air is in throuph the south side of this plant and out through the north
side.

There are several low-capacity blowers used for lecal supply air at employee
work stations. One such blower provides alr for adjustable Z-imch circular
supply vents located in front of each worker on one of the manufacturing

machines (Figure V¥-21). ZEach supply vent provides approximately 78 cim
airflow.

Figure V-21. Adjustable Z-Inch Supply Alr Vents.

b. Dilution Ventilaction by Draft
Some facilities provide dilution ventilation in the workplace withecut the
use of supply air systems. Drafts ereated by fans or by process heat are

often sufficient to draw dilution air into buildings through louvers, vents,
doors, windows, and open wall panels.
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The concentrator building at a mercury mine has a dilution ventilatfion sys-
tem consisting of seven roof exhaust fans and three wall intake louvers.
The exhaust fans, manufactured by Chicago Blowers, are rated at 16,180 cfm
each. The wall louvers are Robertson Industrial operating louvers, which
are located on the first floor of the building. The exhaust fans pull the
aly through the wall louvers, through the grating between the first and
second fleoors, and out through the roeof, thus creating an airilow up past
the flotation cells. Ore potential problem associated with this airflew is
that mevcury vaporizing from materials on the first floor may be carried up
through worlker breathing zones on the second floor. Plant representatives
believe that the dilution ventilation 1s not the most effective means aof
controlling mercury vapor concentrations, Efforts to control mercury are
concentrated on the removal of mercury wapor at 1lts source,

The desigpn of mwany of the metcury cell rooms used in the chlor-alkali indus-
try petmits the movement of a large volume of alr past the mercury cells.
The cell room building at one plant is a double-peaked structure with a
large, open basement below the cell level (second floor) and a high ceiling
above the cell level., There are vents along the roof and vents and remova-
ble wall panels along the walls of the building. Alr movement in the cell
room 1s achleved threugh ceavection currente resulting from the heat of the
mercury cells. The temperature differentiazl between the hot alr above the
cells and the cooler cutside air causes the hot air to rise through the roof
vents, Cooler outside air iv turn flows in through the wall vents {opened
in the winter) or through the removable wall panels {opened in the summer).
Air mavement between the two [loers of the bullding is achieved through the
use of fiberglass grating installed on the walkways of the cell level,

A ventilation study conducted at this faedility by the plant eonpineer in 1975
showed that the average air velocity through the roof vents was 225 Ipm.

The teotal open atea of the roof vents was 1,180 square feer. The afirflow
through the building wae calculated te be 265,500 efm, The total air volume
of the cell roowm was BES,000 cu fr.

A summary of the "Dilution Ventilation" controls studied is presented in
Table V-7.

7. Isclation

At some facilities, mercury cperations asscciated with mercury vapor concen—
trations approaching or exceeding the 0SHA PEL are isclated from other work
arcas., This practice facilitates the containment and rewmoval of mercury
contaminated arr and reduces the potential for the mercury vapor to spread
throughout the workplace, Applications of the isolation method include sep—
arace reoms with closed doors or separate work areas away from the majority
of workers, Isclated mercury handling rooms should be under a negative
pressure with respect to adjacent work areas to prevent mercury vapor f{rom
diffusing into the cther areas,
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Mercury filling operations, with the exception of fluorescent lamp mapufac—
turing, are typlcally conducted in isglated rooms in productioun plants.
Thermometer filling eyuipment, in particular, i1s usually operated in am iso-
lated area because of the quantity of mercury handled and the elevated tem-
perature of some cperations. Fluorescent lamp manufacturers use isolated
work areas for filling mercury dosers (for exhaust machines) and for per-
forming parts cleaning and malntenance. Merecury chemical production proces-
ses that are conducted in different areas of plants are difficult to isclate
because of the large doors nceded for moviag heavy equipment (forklifts,
ete.), Several facilit{es have solved this problem through the use of plas-
tic atrip deors at reom copenings, which allow for easier room—to-room move-
ment while aiding in the 1sclation of the mercury use area. Mercury distil-
ling cperations periodically cause ambient mercury vapor concentrationsa to
exceed the O0SHA PEL. For this reascn, stills, ovens, furnaces, retorts, and
other equipment used for heating mercury are often situated outside of the
main plant or arve located In separate isolated bulldings.

The following are brlef descriptions of lsclated mercury use areas observed:

o The mercury Fill Room at a thermometer manufacturing plant 1s iso-
lated from the rest of the manufacturing area. A remote vacuum
indicator 1s lecated outside of the room so that rhe operator does
nat need to enter the Fill Reoom to check the vacuum being drawn on
the filler,

0 A thermometer manufacturer has taken steps to separate the mercury
uge atrea from the rest of the manufacturing areas by constructing a
partial wall using 2- by 4—foot panels, This was constructed Im 1977
at a cost of $578. 1In additiou to this, a wall was constructed to
geparate the mercury Fi1ll Room from the rest of the mercury use
area, This was done in 1977 at a cost of $900.

o The mercury use area has been isalated from the rest of the manufac-
turing area at a mercury switch manufacturing facility becavse of
widespread mercury contamination during rhe early years of plant
operation,

A summary of "Isolation” contrels studied is presented in Table V-3.
8. Mercury Bemoval from Airstreams

Many local exhaust ventilation systems and recirculatiog ventilation systems
are used in conjunction with a mercury removal system to reduce mercury
vaporfpartlculate concentrations lo ailr that is released to the atmosphere
or returned to the workplace. The removal ef mercury from alrstreams aids
in meeting environmental and occupational health standards and, if the afr
is recirculated, reduces the energy costs of conditioning ailx.
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a. Removal of Mercury from Local Exhaust Airstreams

One chlor-alkali plant surveyed uses z mercury vapor removal system an the
exhaust airstream from the ventilated enclosures used to remove mercury
vapor generated at the inlet and outlet boxes of the mercury cell. The com—
ponents of the air treatment system, which include cooling, separatien, and
adsorption units, are i1llustrated in Figure V-22. Adsorption of mercury
vapor 1s accomplished using a Pura-SivE mercury adsorption unit, manufac-
tured by Uniom Carbide. TIt is a dual molecular sieve dezigned to operate
with one sleve (adsorber) in service and the other sieve in regeneraticn,

During operation, mercury in the alrstream is adsorbed in the sieve through
a proprietary process. During regeneration, heated 204 € (400 F) "low mer=
cury content” gae 1s passed back through the sleve, vaporizing the collected
mercury and carrying it through a cooler to a Peterson centrifugal separator.
The liquid mercury i3 recovered and reused in the ptocess.

Testing of the unit by both plant engineers and a private contractor showed
that effluent mercury concentratiuns of 0.2 mgfm were achieved with in-
fluent concentrations of 9-10 mgfm during a typical Z4-hour operating run.

The ventilated enclosures used to remove mercury vapor generated from mercury
wells at an electroplating plant ate vented through Calgon Vent-sorb filters,
The filter housing L5 a 55-gallon drum with openings for air Intake and dis-
charge., The filter media Iin the {algon Vent-sorb (approximately 150 pounds
in each unit) consists of Pittsburgh Type HGR sulfur-impregnated, activated
carbon specially designed for removing mercury from alr, hydrogen, and other
gases. The HGR contains 13 percent elemental sulfur that 1s distributed
throughout the porous carbon granules, The carbon has a high surface area

{5 mi1llion square feet per pound) that enbhances contact with the airstream,
As the mercury vapor in the exhaust stream passes through the filter, it
reacts rapidly with the sulfur to form mercurie sulfide.

Care must be taken that che flow of air through each filter does not exceed
30 ¢fm, since a minimum contact time Ia required for efficlent mercury re-
meval. The filier media is replaced when mercury vapor concentratioms at
the discharge of the blower exceed 0.1 mg{m3, as measured with a mercury
vapor detector,

b. Removal of Mercury in Recirculating Ventilation Systems

Plants using recircalating diluticn ventilaticn systems generally employ
charceal or particulate filters tc remove mercury vapor of particulate from
the airstream before returning the air to the workplace. C(are must be taken
that the filters are replaced when the mercury concentrations at the system
discharge begin to rise. Otherwlse, contaminated air is returned to the
workplace,

The recirculating system for the Cell Assembly Roow at one battery manufac-
turing plant surveyed 1s desipned to remove both mercury vaper and particu=-
late. The aystem comsists of two separate air handling/filtering units,
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each with one 27-square—foot 1ntake and a network of distributeors (Figure
¥—23). The air handling units are mounted parallel on the roof of the
building, They are large "walk=in" units that have been modified to improve
mercury vapor removal and reduce filter replacement costs. Each air handler
in the original system, installed by Industrlal Air, Imec., Greensbore, North
Carolina, consisted of the following components:
1. One centrifugal blower

¢ manufactured by Eidons Manufacturing Corp., Elgin, 1llinois

a Jé&.5-inch~diameter wheel

o operates at 26,000 cfm, 3 inches static pressure, using a 13-hp

motor,

2. One set of 35 percent efficlent modvlar fiber filters

o wmanufactured by Cambridge Filter Corp,, Syracuse, New York

@ 12 filters set inte a fllter bank measuring 672-1/2" x B'-3/8",

3. One set of 95 percent efficlent modular fiber filters (Figure V=24)
@ set into fllter banik measuring 6'2-1/2" x §'-3/8"

¢ each filter containing 120 square feet af filter media area.

4, One set of 95 percent efficient charcecal filters
o manufactured by Barneby-Cheney
o 144 filter trays set at an imcline into an 8- by 6~foot filter rack
o a total of 33,7 cu ft of filter media in the filter rack
o approximately $64 per tray
o each tray consists of iodine-impregnated charceoal pressed between
metal screens,
S, One set of cooling coils
6. One get of steam colls
The 35 percent efficient particulate filters were replaced monthly, and the

95 percent efficient particulate filters were replaced yearly. FPlant repre-
sentatives found that the charcoal filters achieved 86 percent afficient
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Figure V-24,. VFiber Fillegers for Particulate Removal.

mercury vapor remgval when initially installed. When the efficiency fell to
60 percent, based on readings taken with a mercury vapor detector, new
filters were ordered., The filter trays were replaced when the efficlency
fell to 30 percent {replaced approximately once per wyear).

In 1982, plant representatives began efforts to reduce filter costs while
maintaining reduced mercury vapor concentrations, They inatalled & second
charcoal filter bank to utilize the 50 percent efficlent filters rather than
discarding them. A new filter bank was installed hehind the original one,
The 30 percent efficient filters were moaved to the front rack and new Ffilters
were installed in the back rack. The filter replacement procedure was
changed to the following:'

o When total efficiency falls to 60 percent, order new fillters,
o When total efficiency falls to 50 percent, discard front-rack filters

and move back-rack filters to front. Install new filters on back
rack.

1



The pressure drop resulting from the addition of another filter bank neces-
sitated an increase In alr handler capacity. The layout of the air handler
housing prohibited the installation of & larger fan, therefore, the plant
installed an additional 26,5300-cfm blower in eack alr handling system. The
resulting configuration was two hlowers operating In series with the filter
banks and conditioning colls situated between them, The original and
modified configurations are illustrated in Figure V-25,

The charcoal filter trays are front or glde loaded horizontally at a slight
angle fn the filter rack. The edges of the trays are connected in a contin-
uoug zig-zag configuratien through the use of compresslon fittings (Fipure
V-26). An effective seal Is made when the alrflow through the unit forces
the surface of connecting tray edges agalnst the fitting. Plant representa-
tives stated that clamped connections would provide a more effective seal,
but they are unot cost—efiective.

This recirculating system is also designed wicth fresh alr makeup capabili-
ties, An Economizer cantroller system 15 used to open outside air louvers
when it is more efficient to condition workplace air with outside air, This
louver was closed durding most of the site visit.

Ventilation measurements, taken 1n air handler Unit No. 1 during the survey,
showed that the actual airflow achieved using the two fans 1n series was
38,600 ctm (avetage of fLour measurements taken in the plenum between the
fans). The ailrflow measured at the inplant air imtake for the air handler
was 27,200 c¢fm. The discrepancy between these two alrflews 18 accounted for
by an estimated 6,000-10,000 cfum that was leaking through the "closed”™ fresh
al1r intake louvers. Therefotre, the air handler was actually operating 1in
approximately a 75 percent recirculating mode. The mercury removal effi-
ciency of the air system was determined using a mercury vapor detector at the
upstream and downstream sides of the charcoal filter banks. The average mer-~
cury vapor concentration upstrteam of the charcoal filters was 0.030 mgfm3.
The average mercury vapol concentratlon downstream of the filters was 0,008
mg!m3. The average remocval efficiency for four separate determinatioas

was 73 percent,

Another battery maoufaecturer recovers the heat of the workplace air without
recycling the air ftself. Three of the mercury handling rooms at the plant
are serviced by twoe exhaust/aupply systems. Eaech system has an induced
draft blower (that draws exhaust air through a baghcouse), a heat exchanger,
and a charcoal filter. The air is exhausted through a stack. The heat
exchanger reccvers heat from the exhaust alr and uses it to preheat outside
supply afr drawn by a blower adjacent tec the exhaust unit.

Some plants use mercury—filtering air units situated entirely withio the
workplace to help remove mercury vapor. A mercury distiller and bottler
uses a precoat bag fllter system Lo remove mercury vapor from plant air,
The system consists of a Torit Model No. 125-50 "dust collection” unit
(Figure V-27) manufactured by the Torit Division of the Donaldson Company,
St. Paul, Minnesota, The cost of the Torit was $6,735 in 1976, The unit
draws plant air from three different rooms, In each room, the air is drawn
throvgh a 4- by 10-1inch intake duct, The ducts from the three sources
connect at a junction hox adjacent to the Torit, and the flows combine ro
pass through the filter unit, The precoat media on the filter hag
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cartrldges i=s manganese dioxide, Manganese dioxide adsorbe the mercury
vapor and removes 1t from the airstgream. The mercury vapor concentration in
the alir from the Torit unit 1& meonitoted periodically, and the manganese
dioxide is discharged and replaced when the concentration exceeds

0.1 mgima. At present, the manganese dioxlde is shaken down and

replenished on a weekly hasis.

The Torit consists of a chemical charging hopper, a series of filter bags, a
blower, a discharge conduit, a shakedown valve, and a shakedown tray. The
charging hopper 1s the junction box where the flows combine from the three
exhaust takeoffa, Tt is a rectangular section of duckt with a sheet metal
daor, To charge the unit with manpganese dfoxide, the door is opened while
the blower 1s operating and the manganese dloxide 1s poured Ir untll a
pressure drop of 3 ineches of water is achieved across the unit. This
provides an airflow of approximately 3,000 cfm through the Torit. The
pressure drop 15 determined by reading a pressure gauge on the side of the
unict.

The fileer section of the Torit consists of 36 cloth filter bags with wire
mesh frames, Approximately twice a week, the Torit is shut off and the
manganese dioxide is shaken down from the bags into a shakedown tray using a
crank on the side of the Torit, The Terit 1s then started up again and the
manganese dioxide Is drawn back onto the bags. This practice helps te
ensure that an even preccoat remains on the [ilter bags, When the manganese
dioxide 18 being replaced, the used powder 15 removed from the shakedown
tray,

The blower, powered by a 5-hp motor, draws alr through the filter bags and
into a suction plenum, It exhausts inte a discharge plenum mounted above
it, The discharge plenuw has a l4~ by l0-inch opening through which the
exhaust air 12 released to the work area at ceiling level., Manganese
dioxide was found at the discharge of the unit. A hole found in one of the
filter bags could be contributing to this filter media breakthrough.

The measured airflows from the three exhaust ducts were 780 cfm, 610 cfu,
and 1,100 cfm. The total alrflow through the Torit is therefore approxi-
mately 2,500 cfm, The mercury removal efficiency of the unit was calculated
to be 76 percent,

Smaller units designed for removing mercutry from workplace air are used for
small-scale wercury handling operations. One such unit in use at an elec-
trical atandards manufacturer ls a recirculating air filter unit manufactured
by Barneby-Cheney, Columhus, Ohio. This self-contailned unit, situated In

the standards lab, comsists of a 1,000-cfm, three-speed fan and an activated
charcoal filter mounted inside of 2 casing with approximate dimensions of

1.5 feet by 1.5 feet by 4.5 feetr high. The air Iintake is at floor level and
the exhaust 1s at the top of the unit. The filters are arranged in a series
of three. The unit is pottable and can be moved to any location in the

room, The cost of this unit, purchased in August 1980, was $2,300, including
replacement charcoazl filters, Information on the mercury vapor removal
efficiency of this unit was not available,

A summary of "Mercury Removal from Alrstreams™ controls is presented in
Table V-9,
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B, BEHAVIORAL CGNTROLS

Tha physical properties of elemental mercury (liquid state at room tempera-
ture, vapor pressure, and abllity to cling to skin and clething) znd inor-
ganic mercury compounds (case of digpersion and high vapor pressure) make it
difficult te control worker exposure throuph engineering controls alone.
Most facilities using inorganic mercury have faund 1t necessary to implepent
a comprehensive conttol system ineluding behavioral contrals and personal
protective equipment {discussed in the followlpg sSection} in order to elimi-
nate exposure or reduce 1t to acceptable levels, All ef the plants surveyed
during this study employed behaviaral controls to supplement engineering
contronls,

& summatry 9f the wvarigus behavioral controls lmplemented to reduce worker
exposure to wmercury 1s preseated in Table V-10.

1. Housekeeping

The housekeeping practices listed in Table V-1D are those used by industry
on a routine basis.

a. Mercury Decontaminants

Most fudustries surveyed used a mercury decontaminant and mercury vapor sup=-
pressant clezning aid as part of their routine housekeeping program. HgXF
(a proprietary polysulfide compound} was the most commonly used cleaning
aid. Gther cleaning aids included sodium sulfide and calcium pelysulfide.
All thbree compounds are reported to work by binding with elemental mercury
and mercury compounds, thereby preventing vaporization and facilitating
cleanup. A wmlxture of equal propertions of powdered zinc and sawdust was
used to aid in cleaning mercury spills at one facility studlied. A summary
of common applications of mercury decontaminants is contained in Table V-11,

b. Vacuum {leaners

Many plants surveyed relied on the use of specially designed vacuum cleaners
for both routine cleanup and cleanup of major spllls. These vacuum cleaners
are generally medified versions of industrial vacuum cleaners that have been
specially adapted for use with mercury,

These vacuum ¢leanera are mobile, stalnless steel can—-style units usually
equipped with a 1.5—inch~diameter suctlon hose, vacuum pump, inline mercury
trap, and vapor or particulate fillter. They typically provide an airflow of
approximately 80 cfm and a maximum vacuum of 70 inches of water. The inline
mercury trap 1s used to collect mercury before it reaches the vacuum pump,
The trap i1s usually a small removable plastic container. The vacuum cleaners
contain both charcoal filters and high-efficiency particulate alr filters.
Charcecal filrers are used to remove mercury vapar from the vacuum pump dis=
charpe. HEPA filters are effective 1o removing mercury particulate {oxide,
etec,) from the discharge airstream, Filters must be changed perfodically.
Most vacuums have an "heurs cof service meter” that indicates filter replace-
ment time. Alternatively, the discharge of the vacuum cleaner can be moni-
tored using a mercury vapor detector to determine end of filter life. Mer-—
cury vacuum c¢leaners from four manufacturers were In use at the industries
studled. They are Nilfisk, King of Prussia, PA, American Cleaning Equip-—
ment, Addison, IL, National Super Service, Toledo, OH, Dayton Electriczl
Mfg., Chicage, IL,
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TABLE V=11

Summary of Mercury Decontaminant Applications

Form of Mercury

Mercuric Hg-2n
Decontaminant Hg HgC PMA Sulfide Amalgan
HgXR * * ® - ®
Nazs * - - * -
Calcium polysulfide * * * - -
Zinc/sawdust * - - -~ -
* = gbserved 1n use.

il

not observed it use.

Most of the plants surveyed had spfll c¢leanup procedures in the event of
accidental spills of both elemental and particulate forms of mercury., The
procedures are similar at mest plants., Major elements of all cieanup proce—
dures used by plants are-

¢ The area around a spill {s 1mmediately vacuumed using a mercury
vacuum cleaner,

0 The area Is anspected for traces of mercury, a flashlight iz often
used to 1lluminate elemental mercury.

o A mercury decontaminant {(described i1n Table V-11} is applied and the
area is mepped and/eor hosed down with water.

© A mercury vaper detector may be used to monitor the area to determine
if mercury vapor concentratleuns in the spill area are higher than
normal. S5pill cleanup procedures may be repeated based on monitoring
results,

c. Painting Floors

In 7 of the 24 plants surveyed, floors were painted regularly {usually
yearly) with dark-colored paint to aid in the detection of mercury drops
and/or an epoxy/urethane sealant to minimize mercuary penetration. Plant
representatives reporc fewer houaekeeping problems and lower mercury vapor
concentrations following the application of floor coatings.
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2. Job Rotation

Job rotation is a commonly practiced worker exposure control in mercury-
uslng andustries. It is practiced both as a routine preventive meagure, 1n
artivities where worker exposure cannot be reduced through engineering or
other behavioral controls, and as a correctlve measure when employees'
biological wonitoring levels show unacceptably high concentratlions of
mercury. Corrective job rotation is discussed in the Bilological/Medical
Monitexring sectlion, p. 112,

a. Preventive Job Rotation

Preventive job rotation is usually practiced in work areas that have a
potentially hipgh mercury vapor concentration, In the ¥i11l Room of ane mer—
cuty switch manufacturer, the welding machine cperators alternate jobs so
that only every other day is spent at the welding machine., In the filling
area of a thermometer wmanufacturing plant, workers practice a retating
schedule in which 3 months are spent at a potentially high-exposure job
(e.g., mercury filling) and 3 months are spent 1n another area of the
plant, Reliance on job rotation as a preventive measur¢ has the disadvan-
tage of spreading werker exposure over a wider employee populatiocn.

b, Work Shift Change

At one chlor—alkali facility surveyed, plant reptresentatives found that wor-
ker exposure to mercury vapor could be reduced {(based on biological menitor-
ing levels) by alterding work hours so that work during the hottest part of
the day could be avoided., Duraing the summer season, and partleularly during
midday, the average mercury vapor concentrdtion in the cell room was at its
highest, Normal first—shift hours at the plant were from 7.30 a.m, to

4-00 p.m., During the hottest monthe of summer, the first-shift hours were
changed so that workers started at 5:00) a.,m. and finlshed at 2.00 p.m., when
the second shift started.

3. Work Practices

The principal objectives of work practices used at most of the mercurv—usaing
plante studied were to minimize the emisslon of mercury vapor and particu-
late, and to contain liquid mercury.

A common work practice Is submerging mercury, and mercury-containing products
and wastes, 1n containers of water, The water prevents direct vaporization
of mercury to the atmosphere This practice is particularly valuable in
industries that penerate mercury-contaminated waste such as the thermometer
industry {(waste glass), switch induatry {(defective switches and parts), and
the dental industry (wastec amalgam).

Transfer, packaging, and bocttling operaticns are frequently conducted over
steel or plastic trays having ralsed edges te contaln stray dzraps or spills,

At one chlor-alkall plant visited, spare equipment wa3a used during main-

tenance activities to avoid working on hot prtocess equipment. Mercury
recycle pumps typleally operate at a temperature in excess of 80 C (176 F).
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Work procedures for maintenance activitles at ome fluorescent lamp plant re-
quired chat kraft paper be apread cut at equipment repalr work stations to
collect mercury and oil that may contain mercury., The paper was treated as
hazardous waste and sent te an appropriate landfill.

4, Personal Hygiene Practices

The personal hyglene practices listed in Table V-10 do not include the
general practices commonly used at to most mercury-using Industries
surveyed. These practices are summarized as follows.

¢ Emplovees are encouraged te wash their hands often., Washing 1s
mandatery before eating or smoking. Washing with zoap is required
because liquid mercury and some mercury components are difficult to
remove from the skin,

o Smoking, eating, or drinkipg are not permitted in or near process
areas.

o Tobaceo or food products are not allowed In process areas due bo
potential contamination problems. Tobacco and food products can
absorb mercury, whether In liquid or vaper state, and serve as a
source of mercury intake,

The primary objective of the personal hygiene requirements of the mercury
industries surveyed was to minimize emplovees' microenvironmental exposure.
The most rigid personal hygilene requirements in effect were noted in the

following industries: battery manufacturing, chlor-alkall processing, cin-
nabar processing, and mercury compound manufacturing. In these industries,

both endwof=-shiit showers and daily changes of clothing or the use of dispo-
sable clothing were mandatory to minimize mircrpenvirommental exposure, in
addition to general perscnal hyglene practices.

5. Education and Training

All of the percury—using Industrles studied instituted some form of emplovee
education and tralning program specific for mercury control, Most plants
had informal training sessions for new employees, Several plants developed
employees handbooks for this purpase., The objectives of the education and
training programs are to*

¢ teach employee awareness of potemtial health hazards associated with
the use of mercury.

¢ teach employees the housekeeping practices, work practices, and
petsonal hypiene practices needed to minimize exposure,

Several audiovisual educatian tools are currently being used by mercury~
using industries as part of their empleyee orientatlion programs and periodic
refresher training sessions.
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o A slide show package with sound track 1s used by one thermometear
manufacturer, The package details poteatial health hazards and the
importance of the microcenvircenment with regard to use of elemental
mercury.,

a A 30-minute f1lm 1s used at a battery manufacturing plant, The film
detalls the phyaical properties of elemental mercury and the work
practicea used in the battery industry.

C. PERSONAL PROTECTIVE EQUIPMENT AND CLOTHING

Personal protective equipment was used at most of the plante surveyed. &4
summary of personal protective aquipment used 15 presented in Table V-1Z.
Qf primary concern at most of the facilities was protection against inhala-
tion of mercury vapor and particulate, and dermal or clothing contact with
mercury.

1, PRespirators

Currently there ate no respikators approved by NIOSH for protection against
inorganic mercury. However, respirators are widely used in mercury-using

induscrcies for nonroutine cperations where control of mercuty through engi-
neering or other methods 1s not feasible. Certain mercury—using industries
rely ofl respirators as a primary control method because the desired plant-
wide workplace concentratlons of mercury cannot be achieved. Ar cthe plancs
surveyed, the processes 1n which the use of respirators was most relied on

for worker protection were the particulate handling operations of battery

manufacturers and mercury chemical producers, and the distilling operations
of mercury processors, A description of commonly used respirators follows.

a. Resplrator Descriptions
Specific for Mercury Vapaor

3M B707 Disposable Mercury Vapor Respirator {3M Company, 5t. Pauwl, MN)
4 half-magk, sir-purifying respirator containing fodine-impregnated
chareoal as the adsorption medium.

M3A Mersorb Respirator (Mine Safety Appliances Co., Pittsburgh, PA)

A half-facepiece (Comfo-I1 medel) dual cartridge, alr-purifying respi-
rator containing (1) Mersorb® (a proprietary sorbent) as the primary
adsorption medium, and (1) a color indicator that changes from oramge to
dark brown when the filter medium hasz adsorbed a3 specified amount of
mercul'y vapor.

Uther Respirators

Narton Highly Toxic Particulates Filifer Respirator (Norton Sefety
Products, Cranston RI) -

4 half-facepiece, dual cartridge, air-purifying respirator approved for
respiratory protection againse dusts, fumes, and mists having a TWA
concentration less than 0.05 mg/m3 (N1oSH approval MNo. TC-21C-152),
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TABLE ¥-12

Summary of Persconal Protective Equipment Used

Pramary Mercury

Parsonal Protect rue

[ndustry Locarion and/ar Ackivity Expoturg Concern Equipment and Clothing Usad
EATTERY

Button Gall Mixing, Sluqging, and Inhalatinn of mercury vapor d1zposable respirator

Plant A Consolidation Argas and sarticulate, dermai complete sat of company-supplied

Button Call
Plant B

Z1nc-Larbon

Alealine Cell

Tall Assembly Brea

contact with HgD

darmal contact while
nandiing celis

clothing--caanged daily
work thaes/baots
cloth worv gloves

Finger cots {latex Finger coverings)

2 m m m om oW o m m T m om mom momoEm m om om o om om = & m om 2 o= om o m o ow & om v % w owWom o meom e oaom omeom o= o= o= o= =

Mving Tonsobhidaring
Room

whalabun of mercary wapor
and particulite, dermal
exposure

taxic particulate Filter respirators
disansable claothing

gloves--5-m11, vinyl

barrier cream--gpplisd to hands

__________________________________________________

Adding mercuric
clorida to miibure

imnalatian of garticulate,
dawvinal contact wWith merguric
chilor1gs

tox1c particalate fylter respirator
cloth work gloves
cloth coveralls--changed daily

Breparation of anode
qel during mixing
aperation

inhalation of mercury waoor,
dermal contact with 1iquid
martury and amalgam

positive-pressure, air-line respiratgrs
olastic Face shelds

rubber qtaoves

alastic am Caverings

plastic aprons

clath coveralls~--changed darly

ELUDRE SCENY LAMP
ant A

Plant B

Flant C

Filling doser reservoir
and roukbing maintenange

Filling doser resarvolr
anag roubine doser main-
tenanca

F1riling doser reservolr
and routine maintenance

inhalation of mercury vapor,
darmal contact with Tiguid
mercury

wmnalation of mercury vapar,
dermai contact with Tiquid
mercury

nnalabign of mercury waoor,
dermal contact with Viguid
HETCWe Y

d1sposable mercury vapor respirator
clotn gloves

reusable half-mask mercury vapor
respirabor

disposanle ¢lothing--changed daily
barrier cream--applied ta hands

reusabla half-mask mercury vapor
respiratar
cloth work glaves

=106~



Industry

Location andfor Activiky

TABLE V-12

Summary of Personal Protective Equiment Used

(Continued-b)

Primary MNercury
Exposurc Concern

Personal Protective
Equipment 3 Ulotning Used

ELECTRICAL SWITCH

PTant A

Flani B

F11! Room

F1 i1 Ropom

inhalat on of mercury vapor,
dermal gontact with liquad

mercery when handling switches

1analation of mercury vapor,
devmal contacl with liquid

mercury when handling se1tches

d1spasable latex gloves
disppsable work clothes
work shoes--that cannot be warn hode

disposable latex gloves

disposab1e work clothes

disposakle respirarcr——for welder
aperator only

work shees——thatk cannot be worn home

ELECTRICA. PROCESSES

TTChTor-ATkaT,

Metal Sintering

ine Plating

Zlactrizal
Standards

"Cell Roomfgeneral
operatiuns

Cell Roomimaintenance

contact with 1iquid mercury

cantact with 1wquid meroury,
inhatatron of mercury vapor

¢ lath uniforms—-changed daily
rubber boots--changed & cleaned weekly
clath or rubber glaves

cloth unifarms changed daily
rubher boots—-changed 3 cleaned weekly
clath or rubber glaves

disposable respiratars--when working
on open cells

Sintaring Araaf
treating ovcn operators
handling metal conta-
minated wilh mercury

Sintering Arcal
tleaning of treating
ovens

dermal contact with liqud
MErCury

tphatation of mercury vapor

disposable smocks—-changed weskly

arr-1ine respirator

S T R

Brum Rosrdmercyry
cddition to wells

Calibration Room

yohalation oF metcury wapor.
dermal contact with 1iquin
me FCury

accasignal contact mith
glemeatal mercury

disppsable respirator
c¢leth unmiforms-—changed daily
rubber gloves

clath lab coats--changed weekly
disposable latex surgical gloves

TFMPERATURE SENSIKG

Thermimeter
?lant A

Tube Fabricating &ogmy
filling and sealing

darmal contact with elemental

mercury, inhalation of mercury

vapor
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TABLE V-12

Summary of Personal Protective Equiment Used (Continuesd-c¢)

indusktry

Location andfor Activsly

Frimary Mercury
Exposure Concern

Pereonal Protective
EquipmenL 3 Clothing Used

TEHPERATURE SENSING (Continuerd)

ReTRlRELET 111 Roam/Lhermgrieter
Plant B filling anly

F111 Roowfthernonetar

Thermumeter

Plani £ fillwng only

Thermal Sensor [nstrument assembly

dermal ¢ontagt with alemental
mercury, inhalation of mercury
Vapor

werclry

- disposakle respirators

- disposable gloves

— disposatle smocks——dysposed of aflLer
sach 11l

— work shges-—that cannot be worn home

-~ disposable mercury vapm respiratars-—-
used when worker 1s reguired to remain
1 £111 reom more than 15 min on a
single accasiod or 1 hrfday

~ rubber aprons

MERTIJRY CHEMICAL
Distalliatyon

Distillation operaticns

yanalgtion of mercury yapor
and contack with Tiguid
IT!E'I'CI.II“y

— qizposable mercury vapor respirater

~ d1sgosacle laboratory coal

- vinyl-coated ¢lalh gloves

— work shoes-—thai cannol e worn away
from plant

S T T — m oam o oam e mm am mm E — — 4 e o — o e e e e kAR Ey m o = e e o . m m — am o oam w ms =

Concentratur and
Furmace Areas

Cinnabar
Processing

Mergury Campound  Process Aooms
Flant A

ithaltatian of mercury vapor,
dermal contact with mercury
and mercuric sulfide

wrhalation of particulate
marcyry compounds and mercuty
vapor, dermal contact with
Mercury compounds

- reysable half-facepisce mercury vapor
resparators

- rubher boots——cleaned daily

- rubber gloves——changed daily

- cloth caveralls--changed daily

- ful)-facepirece, air-purifying respira-
tor for mercury vapar and particulate

— disposable mercury vapor respirator

— disposable coveralls

- work Dnots

— m m m &t m e Em e —m — — — &~ uim = — — 4 um om o omee — — momeomom — — — — = — —

Aercury Compound  Bilending, Mixing,
Flant & and Reacting Kooms

1nhalation of parbliwculate
mercury and METCUrY VAROT,
dermal contact with mercuey
comgaunds

— reusabls raspirdtors worn during
blending and bagging operations

— air=11inz respirators worn when cleae-
1ng haghouses and dryers

~ clath uniforms

- gloves [latex ar nitrile] used when
nand11hg mercury compounds

DENTAL Cperatory Arcas

————

nang

—npneg
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A summary of the different rypes of respirators worn in wercury-using
industries is presented in Table V=13,

TABLE v-13

Summary of Respirators

Type of

Respirator Advantage Disadvantage

Disposable Cleaning is More costly

Mercury Vapot not needed than reusable

Regpiratar regpiracors
Generally do not
provide an air tight
seal around the face
causing leakage

Reusable Can be Must be cleaned

Mercury Vapor individually daily or more

Respirator fit for each often due to con-

emplayes tamination problems

Toxic Can be Must be cleaned

Particulate individually daily or more

Filter fit for each often due to con-—

Respiratoer enployee tamination problems

b, Respirator Applications

In the depolarizer and slugger rooms of one mercury button cell manufacturer
surveyed, disposable respirators are worn en & full-time basis. The pro—
cesses in both rooms generate both particulate mercury (HgO) and mercury
vaper., The plant has so far been unable to control the workplace concentra-
tions of mercury (combined particulate and vapor) to below the OSHA PEL.

In the mercuric oxlde bapgging operation at the same facility, a Scott
supplied~alr, pressure-demand, full-faceplece respirator is required. Plant
representatives feel that adeguate contrel of particulate mercuric oxide in
bagging operations s not feasible with the current lecal exhaust ventilation
system because the material 1s so readily aerosolized, The plant will even-
tuwally eliminate the operation and replace it with an enclosed syatem, Until
then, the use of the respirator is considered to be necessary to control
worker exposure to within the allowable limits.

In the gel preparation (mercury-zinc amalgamation) room of an alkaline cell

mamifacturer surveyed workers wear positive-pressure, contlnucus mode, aix-
line respirators {Wllson Products). These reaplrators are used to protect
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agailnst mercury vapor generated from gel handling operations. This opera-
tion is typically assoclated with TWA concentrationa of mercury vapor im
excess of the OSHA PEL.

In the concentrator and furnace areas of a cinnabar processing plant, M3A
Mersorb Resplrators (Comfo-11, half-facepiece, dual chemical cartridge) are
used by all employees. This respirater has a color indicater om the car-
tridge that changes from orange to brown when the filter media has absorbed
a speclfied amount of mercury vapor {(before breakthrough cccurs), One ad~-
vantage of the resplrator i1s that 3 worker can easily monitor the color
indicator on ancther workey's respirateor. In areas of the plapt where work-~
place concentrations of mercury vapor consistently exceed the MSHA and OSHA
PEL, the cartridges generally last several weeks before needing to be re-
placed., This facility has relied on respirators since startup in 1975,
Plant representatives veport that the respirator use is effective in mini-
mizing worker exposure to mercury based on bicleogical monitoripg results.
The average urine-mercury concenfratlions for cperators at this faecility was
approximately 0.10 mg/L with a high of 0.175 mg/L in 1931. Maintenance
workers generally have lower biolopical monitoring results,

At a mercury compound producticn plant, resplratoers are wern Ilm all areas
whete mercury of mercury compounds are produced. Pulmosan Type CMH,

No. 10792 full-facepiece, air-purifying, cartridge respirators with hood are
wern by workers whenm handling PMA and HgD, These respirators are intended
te protect agalnst mercury vapor, which plant representatives have deter—
mined to be present in association with PMA and HgD production. They may
also be effective in reducing exposure to PMA and HpO particulate.

2, Other Protective Equipment

Frotective clothing, to minimize worker ceontact with inorganic mercury, was
utflized in all of the Industries atudied except for the dental industry.
The most commonly used protective clothing included the following:

© Disposable uniforms or lab coats. Most of the disposable garments in
use during this study were made of TyvekR (DuPont, Wilmington, DE},
which 18 a lightweight, spill-resistant, synthetic fabric,

¢ Cloth work clothes that are changed daily, Work uniforms at ome
chlor-alkali plant were made of 65 percent polyester and 35 percent
cotton, a blend that plant representatives have determined through
testing to be highly resistant to mercury penerration and absorption,

0 Disposable gloves (various manufacturers). The gloves were made of
various materjals wnd thicknesses depending on the job applicatien,
Surgeon's gloves (5-mll latex) were used extensively at electrical
switch, electrieal standards, and thermometer manufacturera, The
gloves were usually disposed of and replaced several times per day.
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D. MONITORING CONTROL EFFECTIVENESS
1. Workplace Alr Monitoring

411 but 4 of the 24 plants visited conducted routine air wonitoring tc de-
termine the airborme cencentration of mercury, The most common sampling and
analytical methods employed by industry are described below:

4. Mercury Vapor Monitoring
Direct Reading Instrumenis
Commonly used Instruments and samplicg methods are described below:

o Bacharach My-2:
Principle of Operation - ultraviclet light at a specified wavelength

is absorbed by mercury vapor. Absorption cccurs in propertion to
sampled concentratiows,

Seusitivity. minimum detectable concentration is 0.01 mg/m?.

Incerferences- organic solvents.

o Jerome 401 Mercury Vaper Detector:
Principle of Operation — abseorption of mercury vapor on a gold film,
thereby increasing 1its resistance, Resistance Is proportional to
mase of mercury present rn Sampled air,

Sensitivity. wminimum dectectable concentratiocn is 0.002 mglm3.

Interferences. none reported.

This instrument can alac be used as a continuvous monitor.

Time-Weighted Average Sampling

Paasive Dosimeters. Passive desimeters or badges are available from several
manufacturers including 3M Company and SKC Corporaticn. The badges contain
a solid sarbent that adsotrbs mercury vapotr at a known rate proportional to
ambient concentrations, These badges can be worn by employees or set ocut in
an area during a full shifc. The badges must be sent to the manufacturer
for analysis.

Solid Sorbeut Tubes: Seolid sorbent tubes for the collectlon of mercury
vapor are avallable from various manufacturers including Mine Safety Appli-~
ances {MSA) (Pittsburgh, PA), SKC Corporation (Eighty Four, PA)} and anatole
Sipin Co., Inc. (New York, NY¥). The sorbent tubes consist of a proprietary
solid sorbent medium (such as HopcaliteR or HydrarR) mounted in o glass
tube. Samples are cbtained using calibrated personal sampling pumps to draw
alr through the sorbent tube, Samples obtained in this wanner require anal-
yses in a laboratory. The standard analytiecal method involves dissolving
the media in a mixture of natric and hydrochloric acids. Analyses are com~
pteted using flameless atomic absorption {Rathje and Marcero 1976),.
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A coliection tube contalning a gold coil as the collection medium is avail~
able for TWA sampling (from Jerome Instrument Corporation). This aystem
requires the use of a sappling pump. An advantage of this systemw is that
onsite analysis can be conducted using the Jerome 401 Mercury Vapor Detector.

b. Particulate Mercury Monitoring

Because mercury vapor i1s often present in asscciation with particulate in-
organic compounds of mercury, a sampling method capable of collecting both
forms should be used to determlpne the tetal inorganic mercury present. The
sampling and analytical method widely used is a variation of NIOSR P&CAM 175
(NIOSH 19753). Particulate mercury is collected on a glass fiber filter
{(available from Whatman Laboratory Products} or a mixed cellulose ester ace-
tate filter mounted in a2 cassette filter holder,

The filter cassette {s located in front of the mercury vapor solid sorbent
tube. Air is drawn through the sampling train using a calibrated persomal
sampling pump. The filter is analyzed to determine the amount of particu-
late mercury present, and the sorbent tubes are analyzed to determine the
amount of mercury vapor.

2, Biclogical/Medical Monitoring

Biolegical monitoring programs were in effect at all of the industries
studfied except for the denmtal findustry. At many planes, biological monitor-
ing was under the direction ef an occupational health physician and was part
of a medical program desipgned to monlitor and control worker exposure to
mercury,

The program comsists of periocdie analyses of workers' urine or blood (or
both) to determine the concentration of mercury. The results of analyses
are compared with. (1) recommended biological threshold limits (TABLES 14
and 153) er arbitrary thresheld 1imits (set by plant reptesentatives) and/or
(2) previous bilological monitoring results or results of coworkers to
determine 1f biologlcal concentrations are inereasing or decreasing. A note
of cautietr should be mentioned, that is urine analysis for mercury often
shows poor correlaticn between urinary mercury and signs and symptoms,

Whern & worker's biological concentration exceeds the "allowable limit," set
by the plant, or increases significantly over previcus sanmple concentra-
tions, a plant representative usually examines that worker’'s job activities,
work practices, and use of personal protective equipment to determine the
cause of the elevated concentration. At the same time, the worker may be
removed from his/her present position to an area of the facility wich less
potential for exposure to mercury, The worker I3 usually reinstated when
his/her biological concentration falls below the threshold limit.
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TABLE V=14

Mercury Exposure Limits and Requived Action for
the State of Massachusetks

Urine-Mercury
Concentraticn
{mg/L) Condition Action
0.,00-0,05 Ne or insignificant exposure Repeat urinalysis
annually if exposure to
wercury continues.
0.05-0.15 Insignificant exposure Repeat urinalysis semi-
annually.
0.15-0.30 Gignificant exposure Repeat urinalysis in 30
davs.
0,30-0.50 Definitely harmful exposure Conduct medical examin-
ation. Repeat urinalysis
agaln in 2 weeks.
Over 0,50 Hazardous condition Remove from expusure,

TABLE V-13

Mercury Exposure Limits for
the State of California

Urine—-Mercury

Concentraticn
{(mg/L) Condition
0,10-0,248 Warning level
0.21-0.30 Hazardous level, remove from
further exposure
0.31 and Above Significant exposure
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Urinalyses were the basls of the monitoring programs at 20 of the 24 plants
gtudied that used biolopical monitoring, blood analyses were relied on at the
other four plants. Urinalyses were preferred over blood analyses by most
plant representatives because sauple collection was easier, At most of these
plants, single volding samples were collected rather than 24~-hour composite
samples, Although 24-hour composite samples were thought to be a better
indicator of exposure, the problems associated with the ccllection of these
samples made this method of sampling impractical.

The blelogical threshold limit at which workers were removed from thelr
positions varied coasiderably ameng the plants visited. The urine-mercury
lirits ranged from 0,05 to 0.50 milligrams per liter (mg/L). At most plants,
the limit was 0,30 mg/L or lower., The “concern limit" for repeating
urinalyses ranged from 0.023 te 0.30 mg/L., At plants where blood analyses
were the basis of biological menitoring, the wercury concentration at which
workers were removed from their )obe was 10 ug/l00 ml of bleod.

although biological wmonitoring programs are designed to monitor worker expo-
sure and workplace control effectiveness, several mercury-using industries
have reported an additional benefit of the program, By making employees aware
of thelr results in the periodic¢ sampling (urine or blood concentrations of
mercury), they become more aware of aetivities that result in elevated biclog-
ical samplea and usually take corrective action on their own to reduce
eXposSuUTre,
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VI. CONCLUSTIONS

GENERAT, COMMENTS

1.

5.

The control of worker exposure to mercury at the facilitles studied was
the result of an integrated control approach that included engineering
contrals, behavioral controls, perscnal protection, and monitoring
programs applied as necessary. The combined contrel approach was used
in every facility studied, with the exception of dental clinies,

Good housekeeping, sound work practices, and use of smocth, lmpermeable
materials on floors and work surfaces are sometimes suiffcient conktrols
to maintain worker exposure to mercury helow the allowable lamitc. This
is particularly trué of operations invelving the use of small amounta of
mercuty at or below mormal room temperature such as dental facilities
and standards manufacturers.

NIOSH or plant reported area and personal mercury air samples taken
during this study were generally above the OSHA PEL of 0.1 mg/m3 in
the following processes/industries:

o button cell cathede production (particulate) and anode gel
preparation it battery manufacturing (vapor)

o furnace and concentrator areas in cinnabar processing (vapor)
0 spray drying and reactor/drumming areas of a PMA manufacturer
{vapor).

For these operations the full-time use of respirators was reguired to
minimize exposures until appropriate centrol measures could be effected.
NIOSH area and personal mercury alr samples taken during this study were
generally above the N1OSH recommended level of 0,05 mg!m3 but belaw
the 058A FEL of 0.1 mgfm3 in the following processes/industries.

o button cell cathede production— slugging (vapor) im a battery plant

o conventional mercury additicn proecess {vapor)} of a fluprescent
lamp manufacrurer

o f£111 toom (vapor), next to the fill units, in one thermometet plant
o spray drying operator (vapor) of a PMA manufacturer
Area and personal samples which were taken during this study, other than

those reported in #3 and #4, were below the NIOSH recoummended level of
0,05 mg/mB.
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SPECIFIC CONTROLS

1|

The use of the mercury "pi1ll' in the flucrescent lamp manufacturing
process results ln lower workplace mercury vapoer concentrations and
eliminates routine mercury "doser” maintenance that is assoclated with
direct contact with liquid mercury.

Ventilated work stations can control mercury vapor emission during
elevated temperature aperations (e.g., "buraing off™ and sealing
thermometets).

Colleccor ring contacts or similar electrical contact devices can elim-
inate the need for mercury electrical contacts in cerctain electroplating
processes, These devices, 1f applied to other electroplating opera-
tions, could reduce the number of workers exposed to wercury.

Preencleosed dental capsules are probably mere convenient in dental
operating procedures, however, their effectiveness in reducing mercury
vapor concentrations was not demonstrated im this study.

Water—soluble plastic baps containing mercury compounds, used for charg-
ing batch chemical mixing operaticns, may have value in reducing or
eliminating worker exposure, Howaver, problems associated with shipping
{e.g., accidental contact with water in transit or storage) may require
additiopal protective packaging.

Enclosed liguid mercury additlion/transfer systems drivea by alr pressure
have been shown to work well in several facilities, These systems can

he applied in wmodified form to almost all mercury-manufacturing indus-
tries, thus eliminatling manual handling steps.

Liquld mercury can be effectively contained at work stations/benches
having the following characteristics’

o Work surface made of stainless steel

o Staanless steel drainage troughs along the front of the work
surface. The troughs should be sloped so that mercury can drain to a
collection bottle. A lip along the other sides of the surface
prevents mercutry from spilling onto the fleor,

o Alternately, if work activities permit, a worktable made of stain-
less steel having a screened or grated surface over a sloped siok is
effective. The silok should be sleped to allow mercury to drain into
a2 collection bottle. A level of water should be maintained in the
sink to furthey minimize mercury vaporization.

Examples of effective work statiouns are shown in Figures VI-1 and VI-Z,
Floors that are sealed with epoxy coating, vinyl sheets, or other

iwpermeable ceoverings are highly effective in minimizing housekeeping
problems and facilitating cleanup of mercury spills,
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10.

11,

12,

The Plexiglas—ventilated machine enclosures seen at particulate-
generating processes were not effective in controlling particulate
concentraticns to within allowable limits even though venciliation
capacity was Increased. Insufficlent control is caused by repeated
worker access to the machine while opening the enclosure to make
adjustments, etc. The sclution to this problem is in locating important
access/adjustment points gutside the enclosure,

Temperature conttol wag probably the wost effective engineering control
for reducing general workplace alr concentrations of mercury vapor,
Applying tewperature controls In many instances wmay make 1t possible Lo
relax or eliminate other more costly controls, as long as spills are
prevented.

Pura-$1vR metvcury adsorption units effectively remove mercury from
exhaust airstreams. This type of unit 18 bepeficial for mercury removal
setvice in high-mercury-content (approximately 10 mg[m3) alrstreama.

The Torit mercury filter unit was found to be approximately 75 percent
aeffifefent in removing mercury in a recirculation system. However, the
housekeepling problems asscoclated with the uae of this unit mekes its
application impracticsl.
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VII. RECOMMENDATIONS

Mercury should be purchased in contalners sized for particular process
needs, these containers should adapt readily to enclosed addition
systems. Currently, most industries using mercury are buying 76-pound
flasks and manually transferring mercury to the system.

Investigation into designing completely enclosed methods of mercury
particulate transfer should continue. Inadequacies in all of the solids
materlals handling systems were observed at the facilities studied,

Yacuum cleaners equipped with mercuty traps and carbon filters should be
used both for routine cleaning and feor cleanup of spills., Use of
conventional vacuum cleaners results in high mercury vapor concen-
trations,

Piane air recirculation systems are effective in removing mercury and
can be cost effective depending on geegraphical lecation, If these
systems are to be used, a filter/air handler inspection program should
be instituted to determine if the system is performing cptimally. The
program should include monitoring filter effectiveness, determining
alrflow characteristics, and determining the quality of the reintroduced
air.

The use of preenclosed dental capsules 15 recommended, although they did
not result in a detectable lowering of mercury vapor concentrations in
the dental facilities studied. However, they eliminate a mercury
handling step and the associlated potential for accidental spills.

The "mercury pill" addition system observed at a fluorescent lamp plant
should be used at other fluorescent lamp manufacturing facilities, the

system ghould be further modified so that it can be used Iin the mercury
switch manufacturing industry,

Workers who are invelved in mercury particulate handling operatlons
should continue to wear respirators until effective control methods have
been developed. A study to develop conbrol methods is recommended.

Workers should continue to wear respiratoers when involved with
distiiling operations or other operations where elemental mercury 1a
handled at temperatures ahove room temperature and local exhaust is
impractical, New air exhaust systems should be designed and/or
Installed to eliminate worker exposure and dependence on respirators,

Mercury decontanination cleaning alds should be rautinely used in

general plant housekeeping programs and in the cleanup of spiils. The
use of mercury decontaminants way not be necessary If stringent house-
keeping measures wsing conventional industrial cleaners are instituted,
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10.

lll

12,

14,

15.

16.

17,

Daily clothing changes or dispcsable clothing should be required for
all workera who routinely contact mexcury. Dispasable clothing has the
advantage of eliminating laundering of contaminated clothing but re-
quires proper disposal.

Because mercury is difficult to remove frow the skin, washing hands
thoroughly before breaks and at the end of shifrs should be mandatory.

Disposable ploves should be worn whenever possible for workers who
handle mercury or mercury-contalning items,

Although job rotation on a routlne basis can reduce an employee's
exposure t¢ mercury to alleowable limits, it has the disadvantage of
spreading mercury exposures pver s wide population, Consequently, job
rotatfon should be used oonly as an interim measure until other comtrol
methods are applied te reduce exposures to acceptable levels,

Biclopical moniltoring should be conducted for all exposed workers,
Evaluation of group biological monitoring results provides more
information on the extent of exposure and effectiveness of controls
than do individual evaluations.

Care should be taken that job-related decislions on mercury control ate
based on sound data. No less than two determinations shauld be made,
and these should be no less than 48 hours apart. The final decision
should be made by a physician after examining the worker. Exposure or
health effects cannct be determined by the laboratoery results alone.
Individuals can experience very different health effects atr the same
bioclogical mercury levels. An effective monitoring program must
integrate medical determinations into its decisionmaking process so
that actions are taken basad on all of the available informaticn.

Workplace area and personal monitoring should be conducted to determine
employee exposure and control effectiveness, Although the currently
avallable direct reading Instruments for the measurement of mercury
vapel are sensitlve and accurate, TWA breathing zone determinations are
a more reliable indicator of worker exposure.

At many of the facilities visited ventllation systems were designed om
a "number of air changes per hour" basis., This i{s inadequate for areas
where mercury is used. Monitoring programs should he instituted at

these locations to measutre area and personal mercury concentrations on
a regular basis, because of the potential for localized high exposures.
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APFENDIX
SAMPLING AND EVALUATION METHQDS

This appendix presents the methods for air sampling and analysis used during
thig study to measure werkplace concentrations of mercury, as well as the
nethods of englneering evaluation used to determine the effectiveness of
control measures.,

A. AIR SAMPLING AND ANALYSES

Alr samples were ccllected to determine the airborne concentrations of
mercury.

1. TWA Samples

a., Personal sampling —— Personal alr sampling was conducted to evaluate the
exposure of a4 worker to alrborne mercury frem various adources. Where res-
piratory protection was used, samples were collected outside of the respira-—
tor. The results of these samples were compared with the allowable limit teo
determine the effectiveness of the control measures used, Sample periods
usually included a full shifet,

b, Area sampling —— Area sampling was conducted to determine the effective-
ness of the controls used to reduce amblent concentrations of mercury in the
workplace. Samples were collected at fixed locations, Sample time varied
but usually lasted the duracion of the shift.

Both personal and arez mercury vapor concentrations were obtained using per-
sonal monitering pumps {(MSA Model C-Z00) to draw air through Hopcalite solid
sorbent tubes. For personal samples, the tube was attached to the mhirt
collar or lapel of the ewpleyee, The flow rates, set at 75 ml of air per
minute, were determined hoth before and after sampling using a buret (soap—
bubble meter). Analyses of samples were conducted uvsing flameless atomic
absorption [(Rathje and Marcero 1976},

Partlculate mercury samples were obtained uslng a high~flow persomal samp~
ling pump (MSA Mpdel S or G) to draw air through glass micrefiber filters
{Whatman Laboratory Products) mounted in 37-um cassettes, The flow rates,
set at 2.0 liters of alr per minute, were determined both before and after
samplang using a buret., Analyses of samples for total mercury were con—
ducted using flameless atomic absorption.

2. @Grab Samples
A darect reading instrument that provides an instantaneous measurement of
mEXcury vapor was used to determine area and breathing zone concentrations,

A Jerome Model 401 Mercury Vaper Detector with a sensltivity of 0,001
ng/o? and a range of 0.0Cl-0,50 mgfm ¢ was used to collect grab samples.
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E. AIRFLOW MEASUREMENTS

The effectiveness of lecal exhaust ventilation (LEV) systems and dilution
ventilation systems was determined in part by the measurement of air veloe-
ities te calculate airflows. Face velocitles at exhaust or supply openings
were measured using a velometer (Alnor Series 6000 or thermoanemometer).
huct velocities were determined using a Pitet tube and I{nclined manometer,

The centaminant capture range of some LEV systems was measured using a smoke
generatien tube.
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