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ZINC

A. Commodity Summary

The primary source of zinc is the mineral sphalerite (ZnS), which is the source of about 90% of zinc
produced today; zinc can also be recovered from six additional minerals, including hemimorphite, smithsonite,
zincite, hydrozincite, willemite, and franklinite.1  The primary uses of zinc are as a protective coating for steel
(galvanizing), as alloys in die casting, as an alloying metal with copper to make brass and bronze, and in chemical
compound s (e.g., zinc oxide) in rubber and p aints.2e

Canada and Australia were the world's largest producers of zinc in 1994, accounting for 31% of mine
production, followed by China, Peru, the United States, and Mexico.3  Canada, Australia, and the U .S. also possess
39% of the world's zinc reserves.  In the U.S., mines in Alaska, Missouri, New York, and Tennessee produced more
than 90% of the nation's total mine output in 1994 of 560,000 metric tons; the four largest U.S. mines (in order of
output) in 1992 and their operators and locations were the following:

Mine Name Operator Location

Red Dog Cominco Alaska, Inc. Northwest Arctic, AK

Elmwoo d-Gord onsville Jersey Miniere Zinc Co. Smith, TN

Greens Creek Greens Creek Mining Co. Admiralty Island, AK

Balmat Zinc Corp. of America (ZCA) St. Lawrence, NY

All of these min es produ ce zinc ore .  In addition, se veral mines in th e U.S. pro duce lead -zinc ore or le ad ore with
secondary zinc values, which can be beneficiated to remove zinc for processing.  The larger of these mines include
the We st Fork and  Fletcher min es in Reyno lds, MO ; the Buick m ine in Iron, M O; and the  Lucky Frid ay mine in
Shoshone, ID.4

Four primary zinc smelters (three using the electrolytic process, the fourth using the electrothermic or
pyrometallurgical process) produced 240,000 metric tons of slab zinc in 1994.5  These plants and their location and
process type include the following:
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Facility Name Location Process

Big River Zinc Corp. Sauget, IL electrolytic

Jersey Miniere Zinc Co. Clarksville, TN electrolytic

Zinc Corp. of America Bartlesville, OK electrolytic

Zinc Corp. of America Monaca, PA pyrometallurgical

Zinc oxide was produced from zinc metal and scrap by eight companies in 1992.  All of these companies
produced French-process zinc oxide, except for one company, Eagle Zinc Co., of Hillsboro, IL, which produced
American-process zinc oxide (both processes are described below).6  Total U.S. production of zinc oxide in 1992
was approxima tely 105,000 me tric tons.

In addition, the U.S. also imported 25,000 metric tons of zinc ore and concentrate and 800,000 metric tons
of slab zinc, scrap, and compounds in 1994.7

B. Generalized Process Description

1. Discussion of Typical Production Processes

Zinc minerals are generally associated with other metals minerals, the most common associations in ores
being zinc-lead, lead-zinc, zinc-copper, copper-zinc, or zinc-silver.  Zinc also occurs alone in ores.  Due to low zinc
content, zinc-bearing ores must be concentrated before processing.  Beneficiation, which usually occurs at the mine,
consists of crushing, grinding, and flotation to produce concentrates of 50% to 60% zinc.8

Zinc is proc essed throu gh either of two  primary pro cessing meth ods, electro lytic or pyrom etallurgical. 
However, before either method, zinc concentrate is roasted to remove the sulfur from the concentrate and produce
impure zinc oxide referred to as roasted concentrate or calcine.  In electrolytic zinc processing, calcine is digested
with sulfuric acid to form a zinc sulfate solution, from which zinc is deposited through electrolytic refining.  In
pyrometallurgical processing, calcine is sintered and smelted in batch horizontal retorts, externally-heated continuous
vertical retorts, or electrothermic furnaces.  The sole pyrometallurgical operation in the U.S., Zinc Corp. of
America's Monaca smelter, uses an electrothermic furnace.  In addition, zinc is smelted in blast furnaces through the
Imperial Smelting Furnace (ISF) process, which is capable of recovering both zinc and lead from mixed zinc-lead
concentrates.  The process is used at 12 plants worldwide and accounts for 12% of world capacity.  There are no
ISF-process plants in the U.S.9

Zinc oxide  is manufacture d by either the F rench or A merican p rocesses.  In the  French pr ocess, which  is
used at ZCA's Monaca smelter, high-grade zinc metal is smelted in horizontal retorts to produce zinc metal vapor,
which is burned in a combustion chamber.  In the American process, zinc oxide is manufactured by oxidizing zinc
vapor in burners; the resulting gases and  fume are cooled, and  zinc oxide is recovered  in baghouses.10

2. Generalized Process Flow Diagram

Detailed descriptions of Zinc Corp. of America's Bartlesville, OK (electrolytic) and Monaca, PA
(pyrome tallurgical) facilities are  presented  below.  T hese descr iptions are b ased on sa mpling trips to  the facilities in
1989 in supp ort of EPA rulem aking activities.



Electrolytic Process

The ZCA electrolytic zinc refinery in Bartlesville, Oklahoma produces several zinc products and associated
by-produ cts from zinc o re concen trates.  Zinc pro ducts includ e zinc metal, ro ofing granule s, and zinc sulfate
solution.  By-p roducts inclu de cadm ium metal, sulfuric  acid, lead/silve r residue, co pper resid ue, nickel/cob alt
residue, lead scrap, and aluminum scrap.  ZCA utilizes zinc sulfide concentrates containing 50-55 percent zinc as
feed for its Ba rtlesville plant.

Production of zinc products from ore concentrates at this facility involves roasting, leaching (digestion),
purification, and electrowinning.  Roasting takes place at the Zinc Ore Roaster (ZOR), and the remaining three
processes take place at the Zinc Refinery (ZRF), as shown in the process flow diagram in Exhibit 1.  Both the ZOR
and the ZR F are locate d at the Ba rtlesville plant.

Zinc ore concentrates are first slurried with water and then roasted, reacting with air to produce a crude zinc
oxide calcine and off-gas from the roaster containing 7-10% sulfur dioxide.  Calcine dusts are recovered from the
off-gas by two cyclone separators and added to the calcine.  The off-gas is humidified and passed through a wet
electrostatic precipitator in a hot tower to remove remaining solids from the sulfur dioxide gas so that it may be used
as feed to produce sulfuric acid in the Zinc Acid Plant (ZAP).  Two-thirds of the resulting liquid stream from the
precipitator, known as acid plant blowdown, are pumped directly to the facility's wastewater treatment plant, and the
remaining third  is recycled to the  hot tower.  T otal acid pla nt blowdo wn flow is app roximately 5 0 gallons pe r minute. 
Process  wastewater ge nerated b y the ZOR  consists of non -contact co oling water use d to coo l the calcine as it ex its
the roaster and slurry water that leaks from a pu mp that directs the slurried ore con centrates to the roaster.  These
waters collect in a clay-lined sump outside the ro aster and are pump ed to the wastewater treatment plant.  A p rocess
wastewater stream generated at the ZAP, consisting of cooling tower blowdown, is pumped directly to the treatment
plant.

The leaching (digestion) process dissolves the zinc in the calcine, creating a zinc sulfate solution from
which the zinc  can be rem oved thro ugh electrow inning.  By mix ing the calcine fro m the roaste r with 150-1 70 g/L
sulfuric acid in a step called neutral leaching, about 90% of the zinc in the calcine dissolves.  The insoluble zinc
calcine is separated from the leaching solution in a settling tank.  Neutral leach zinc sulfate solution is sent to a
purification system, and the solids containing the insoluble zinc are pumped to a residue treatment circuit, where
additional sulfuric acid is added to the solids in a series of three hot acid leach tanks to dissolve another 6-7 percent
of the zinc from the calcine.  Remaining solids in the resulting slurry are separated in a second settling tank and
filtered into a cake that is dried and sold for its lead and silver content (20% lead and up to 70 ounces of silver per
ton).

When the calcine is leached with sulfuric acid in the hot acid leach tanks, iron in the calcine dissolves along
with zinc.  Because this solution still contains recoverable zinc, ZCA recycles the solution to the original neutral
leach step described above.  However, if the dissolved iron in the solution is not removed, it will prevent the eventual
recovery of zinc metal.  To remove iron from the solution, ZCA



EXHIBIT 1

ELECTROLYTIC ZINC PRODUCTION PROCESS

Graphic Not Available.

Source:  U .S. Environ mental Pro tection Age ncy, Development Document for Effluent Limitations Guidelines and
Standards for the Nonferrous Metals Manufacturing Point Source Category.  Volume IV:  Primary Zinc, Primary
Lead, Secondary Lead, and Primary Antimony, EPA 440 /1-89-019.9, O ffice of Water Regulations an d Standards,
May 1989, p. 479.
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utilizes the goethite process.11  Zinc sulfide concentrates are added to the hot acid leach solution to reduce the
dissolved iron to its ferrous or divalent state.  Zinc calcine is added to neutralize remnant sulfuric acid from the hot
acid leach step.  Zinc oxide and air are then added to the solution to oxidize the iron from its divalent to trivalent
state and precipitate goethite, a hydrated iron oxide, in a slurry.  The  slurry settles in a tank; the clarified solution
containing recoverable zinc is recycled to the neutral leach step, and the iron oxide slurry (goethite) solids are
washed and filtered.

Goethite removed from the filter contains 30-40% iron, but recovery of the iron is currently not
econom ical.12  Moist goethite cake is stored in an uncovered, unlined waste pile on-site that dates from 1978, when
the electrolytic process began at the facility.  Runoff from the pile flows to a clay-lined sump pond and then to the
wastewater tre atment plan t.

In the purification step, trace impurities from the zinc oxide calcine that dissolved in the leaching steps are
removed from the neutral leach solution.  Like iron, these impurities must be removed so that zinc can be converted
to metal.  Zinc dust is added to the solution to chemically replace copper and cadmium, which precipitate out of
solution as a slud ge.  Cadm ium metal an d copp er residue ar e recover ed for sale.  Zin c dust is again a dded, alo ng with
antimony as a catalyst, to replace nickel and cobalt, which are also recovered for sale.  These residues are stockpiled
along with others, such as sump and tank cleanings, on an unlined pad until they are sold or recycled.  Runoff from
the pad collects in a sump and is pumped to a large surface impoundment and eventually to the wastewater treatment
plant.

Purified, zinc -rich solution is co oled in eva porative co oling towers a nd stored  in tanks before  the zinc is
electrowon from the solution at the cell house.  The cell house consists of 128 electrolytic cells, each with 45 lead
anodes and 44 aluminum cathodes.  When electric current passes through the zinc sulfate solution, which serves as
an electrolyte, positive zinc ions deposit on the negatively-charged aluminum cathodes.  Half of the cathodes are
removed from their cells each day so that the metallic zinc layer can be scraped off each cathode and so that zinc can
continue to b e remove d from solu tion with the othe r cathode s.  Spent solutio n containing d ilute sulfuric acid is
recycled to the neutral leach step of the leaching process.  Because heat builds in the cells, the zinc sulfate solution
continuously passes through the cooling towers.  Non-contact cooling water along with boiler blowdown,
conden sate, and br ushing water u sed to wash  cathodes m ake up a p rocess waste water stream  from the ZR F.  This
stream flows through a feeder ditch to a clay-lined sump pond, then to a large, clay-lined surface impoundment, and
is finally pumpe d to the waste water treatme nt plant.

Zinc removed from cathodes is melted in a furnace and cast into 55-pound, 600-pound, or 2,400-pound
ingots.  Some zinc is converted  to dust used in the purification system.  Zinc fume collected  in the furnace baghouse
is recycled.

ZCA also converts scrap zinc from its plant and purchased scrap into usable zinc at its Zinc Secondaries
Plant (ZSP), a process that is outside the scope of primary mineral processing and, thus, not described further.

Most process wastewaters at ZCA are made up of small streams from the roasting, purification,
electrowinning, and zinc secondaries processes.  Acid plant blowdown is generated when sulfur dioxide off-gas from
the ZOR passes through a wet electrostatic precipitator in the hot tower to remove solids.  Process wastewater from
the ZSP c onsists prima rily of water from  Venturi scru bbers used  to collect du sts from rotary d rying of calcine. 
Process wastewater from the ZRF consists primarily of brushing water used to wash the aluminum cathodes that
serve as a depositional surface for zinc ions during electrowinning.  The ZAP, which converts sulfur dioxide gas
generated in the ZOR to commercial-grade sulfuric acid, generates process wastewater consisting of non-contact
cooling tower blowdown.  Smaller streams of boiler blowdown, non-contact cooling water from cooling towers, and
condensate also make up the wastewater flow.

Process wastewater and plant runoff that collect in the two large, clay-lined surface impoundments are
pumpe d to the waste water treatme nt plant.  Follow ing a two-stage n eutralization p rocess and  clarification, sludg e is
recycled to the roaster and treated water is pumped to two synthetically-lined holding ponds before it is injected in a
Class I industria l well.

Pyrometallurgical Proc ess



     13  Feed to the zinc sulfate circuit also consists of zinc carbonate that was generated before the
zinc sulfate circuit became operational and that is stockpiled onsite.

The primary mineral processing operations at the Monaca facility produce a variety of zinc and other
produc ts from ore c oncentrate  (primarily from  a New Y ork State m ine) and to a  lesser extent sec ondary m aterials
(e.g., cast off material from galvanizing operations).  Zinc products include zinc metal, zinc sulfate solution, zinc
dust, and zinc oxide.  Other products produced by the facility including sulfuric acid, lead sulfate, cadmium sponge,
ferro-silicate, and processed slag.  Due to variations in market conditions, some of these materials, especially ferro-
silicate and slag, may be stored on-site for several years prior to sale.

Ore con centrate is first dried  in an ore drye r and then ro asted, as sho wn in the pro cess flow diag ram in
Exhibit 2.  Off-gas from the ore dryer is scrubbed prior to discharge to the atmosphere and off-gases from roasting
are cleaned prior to being used as the feedstock for sulfuric acid production.  Ore dryer scrubber water and acid plant
blowdo wn (from ro aster gas clean ing operatio ns) are mixed  in a concrete  basin (the "C ottrell pond ") where the  pH is
raised to prevent corrosion of plant piping prior to being returned to the scrubber or being used as feed in the
sintering process.

The sintering process, which follows roasting, agglomerates the oxidized ore concentrate in preparation for
furnacing.  Dust which is removed from sintering off-gases in baghouses is returned to the sintering operation or used
as a feed to the  zinc sulfate circu it.13  The zinc sulfate circuit consists of a series of steps in which the bagh ouse dust
is first slurried with water and soda ash.  The solids (metal carbonates) are then removed from this slurry in a
clarifier, the ove rflow from wh ich goes to the  facility's wastewater treatm ent plant.  Un derflow from  the clarifier is
centrifuged; liquid removed by the centrifuge is pumped to a concrete basin and then returned to the clarifier and the
solids are leached with sulfuric acid, which solubilizes zinc and cadmium sulfates.  Solids are separated using a filter
press and sold for lead recovery.  Zinc dust is added to the remaining sulfate solution to precipitate cadmium sponge,
which is sold to  a cadmium  metal prod ucer, leaving a  zinc sulfate solutio n, which also is so ld as a prod uct. 

Sinter and c oke are ch arged to an  electrotherm al furnace in wh ich zinc gas is ge nerated an d subseq uently
condensed on molten zinc.  Uncondensed zinc is removed from the off-gases by a wet scrubber.  Water from the wet
scrubber is sent to two concrete basins and then a series of three lined impoundments.  About half of the water is then
returned to the scrubber while the other half is sent to the wastewater treatment plant.  Blue powder, a mixture of
primarily zinc oxides and elemental zinc, settles out of the scrubber water in both the concrete basins and the
impound ments.  Blue  powder  is removed  from the co ncrete basin s on a week ly basis and p laced in ad jacent con crete
basins to dry prior to being returned to the ore dryer or used to raise the pH of the combined acid plant blowdown
and ore dryer scrubber water.  Blue powder is removed from the impoundments along with the impoundment liners
every two or three years, and both the powder and the liners are charged to the furnace.



EXHIBIT 2

PYROMETALLURGICAL ZINC PRODUCTION PROCESS

Graphic Not Available.

Source:  U.S. Env ironmenta l Protection  Agency, Development Document for Effluent Limitations Guidelines and
Standards for the Nonferrous Metals Manufacturing Point Source Category.  Volume IV:  Primary Zinc, Primary
Lead, Secondary Lead, and Primary Antimony, EPA 440 /1-89-019.9, O ffice of Water Regulations an d Standards,
May 1989, p. 480.
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Zinc from the furnace is made into a variety of final products including furnace grade and high purity zinc
metal, zinc dust, and zinc oxide.  Furnace residues are processed to recover coke, which is returned to the furnace as
fines generated by the processing operations, to separate the ferrous and non-ferrous fractions.  The ferro-silicates
are stockp iled onsite and  sold to the iro n and steel ind ustry when ma rket conditio ns permit.  T he non-ferro us slag is
graded into  four sizes and  sold or used  as a drainag e material in the fa cility's fly ash landfill.

Wastew aters, which inclu de plant run off as well as pro cess wastewa ter from the b lue powd er impoun dments
and the zinc sulfate circuit, go to a lined equalization basin and then to a two-stage neutralization process, followed
by clarification prior to discharge to the Ohio River through an NPDES-permitted outfall.  Solids removed from the
clarifier are filtered and then returned to the sintering operation.

3. Identification/Discu ssion of Nov el (or otherw ise distinct) Process(es)

In addition to the Imperial Smelting Furnace process, which is identified above, several other novel
processes for zinc recovery are being (or have been) investigated or utilized.

A research program is being conducted at the Colorado School of Mines for developing a pyrochemical
process using molten salts for recovering reactive metals, including zinc, from beneficiated ore.  The process takes
place in a hybrid reactor combining electrolytic production of a calcium reductant and in situ utilization of the
reductant to reduce metal compounds.  The reactor operates at a temperature less than 1,000°C.  The technology
reportedly generates little waste.14

Two companies in Canada (Co minco and Kidd Creek) utilize pressure leaching to digest zinc ore
concentrates, eliminating both the roasting step and the need for a sulfuric acid plant in the electrolytic process.  Zinc
concentra te is reacted w ith oxygen and  electrolyte rec overed fro m the electro winning step in a  pressure au toclave. 
Zinc dissolve s and forms  zinc sulfate, which  is sent to the electro winning step.  S ulfur in the zinc co ncentrate is
converted to elemen tal sulfur as part of the residue and is extracted or wasted  with the residue.  The proce ss
reported ly has lower ca pital costs than a  traditional elec trolytic plant. 15

Sulfate roasting  of coppe r-zinc-sulfide co ncentrate ha s been exa mined on  a laborato ry and pilot-p lant scale
in open-hearth and fluidized bed furnaces.  The resulting calcine was leached with mild sulfuric acid; zinc and iron
were co-extracted from the leach solution with D2-EPHA (a solvent extractant), and copper sulfate was crystallized
from the pu rified solution.  R ecoveries o f 95% an d 99%  were achiev ed for zinc a nd copp er, respective ly.16

A solvent extraction proce ss for treating waste streams from electrowinning was d eveloped using acid-b ase
couple extractants composed of amines and organic acids.  Approximately 95% of both zinc (as zinc sulfate) and
sulfuric acid in the bleed stream was reco vered at concentrations high en ough for direct recycle to the pro cess.17

AMAX  created a process to recover zinc and other metals from RCRA-hazardous zinc leach residue
through brine leaching.  The process involves leaching the residue with a CaCl2 brine solution at pH 2 for one hour at
90°C.  Silver, lead, copper, cadmium, zinc, and iron were extracted at percentages of 95, 80, 50, 50, 30, and less than
0.5 percent, respectively.  Zinc was recovered through sulfide precipitation.  The remaining residue passed the EP
toxicity test.18

4.  Beneficiation/Processing Boundary



     19  Coppa, L., Waste Disposal Activities and Practices in the United States:  Copper, Lead,
Zinc, Gold, and Silver, U.S. Bureau of Mines, Division of Minerals Availability Open File
Report, November, 1984, Washington, DC.

EPA established the criteria for determining which wastes arising from the various mineral production
sectors come from mineral processing operations and which are from beneficiation activities in the September 1989
final rule (see 54  Fed. Reg . 36592 , 36616  codified at 2 61.4(b) (7)).  In essenc e, beneficiatio n operatio ns typically
serve to separate and concentrate the mineral values from waste material, remove impurities, or prepare the ore for
further refinement.  Beneficiation activities generally do not change the mineral values themselves other than by
reducing (e .g., crushing or g rinding), or en larging (e.g., pe lletizing or briq uetting) particle  size to facilitate
processing.  A chemical change in the mineral value does not typically occur in beneficiation.

Mineral processing operations, in contrast, generally follow beneficiation and serve to change the
concentrated mineral value into a more useful chemical form.  This is often done by using heat (e.g., smelting) or
chemical reactions (e.g., acid digestion, chlo rination) to change the chemica l composition of the mineral.  In con trast
to beneficiation operations, processing activities often destroy the physical and chemical structure of the incoming
ore or mineral feedstock such that the materials leaving the operation do not closely resemble those that entered the
operation.  Typically, beneficiation wastes are earthen in character, whereas mineral processing wastes are derived
from melting or chemical cha nges.

EPA approached  the problem of determining which operations are beneficiation and which (if any) are
processing in a step-wise fashion, beginning with relatively straightforward questions and proceeding into more
detailed ex amination o f unit operatio ns, as necessa ry.  To loca te the beneficia tion/proce ssing "line" at a  given facility
within this mineral commodity sector, EPA reviewed the detailed process flow diagram(s), as well as information on
ore type(s), the functional importance of each step in the production sequence, and waste generation points and
quantities presented above in this section.

EPA determined that for this specific mineral commodity sector, the beneficiation/processing line occurs
prior to the initial ro asting step in bo th the electrolytic a nd the pyro metallurgical p rocesses.  E PA iden tified this
point in the process sequence as where beneficiation ends and mineral processing begins because it is here, where, as
a result of a chemical reaction, sulfur is removed from the zinc sulfate feedstock.  Therefore, because EPA has
determined that all operations following the initial "processing" step in the production sequence are also considered
processing  operation s, irrespective o f whether they invo lve only techniq ues otherwise  defined as b eneficiation, all
solid wastes arising from any such operation(s) after the initial mineral processing operation are considered mineral
processing wastes, rather than beneficiation wastes.  EPA presents the mineral processing waste streams generated
after the beneficiation/processing line in section C.2, alon g with associated information on w aste generation rates,
characteristics, and managem ent practices for each of these waste stream s.

C. Process Waste Streams

1. Extraction/Beneficiation Wastes

Wastes  generated  by lead-zinc m ining opera tions include m aterials such as w aste rock, tailings , and refuse. 
Many of these materials may be disposed of onsite or offsite, while others may be used or recycled during the active
life of the operation.  Waste constituents may include base metals, sulfides, or other elements found in the ore, and
any additives used in beneficiation operations.  The primary waste generated by mineral extraction in underground
mines is mine development rock, which is typically used in onsite construction for road or other purposes.  Surface
mines usually generate large volumes of overburden and waste rock that are usually disposed of in waste rock
dumps.

After the removal of values in the flotation process, the flotation system discharges tailings composed of
liquids and solids.  Between 1/4 and 1/2 of the tailings generated are made up of solids, mostly gangue material and
small quantities of unrecovered lead-zinc minerals.  The liquid component of the flotation waste is usually water and
dissolved solids, along with any remaining reagents not consumed in the flotation process.  These reagents may
include cyanide, which is used as a sphalerite depressant during galena flotation.  Most operations send these wastes
to tailings pond s where solid s settle out of the sus pension.  T he liquid co mpone nt either is recycled  back to the m ill
or discharged if it meets water quality standards.  The characteristics of tailings from the flotation process vary
greatly, depending on the ore, reagents, and processes used.  Lead, zinc, chromium, iron, and sulfate were all found
in the wastewater of the selected facilities.19
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In general, most wastes from beneficiation of lead-zinc ores are disposed of in tailings impoundments from
which water is likely to be reclaimed during the mine's life.  In addition, other materials typically not considered
wastes, such as mine water, may be managed onsite during the active life of the facility and may ultimately become
wastes.  The chemical composition of mine water generated at mines varies from site to site and is dependent on the
geochemistry of the ore body and the surrounding area.  Mine water may also contain small quantities of oil and
grease from extraction machinery and nitrates (NO3) from blasting activities.  EPA20 and the Bureau of Mines21

reported concentration ranges in mine waters of 0.1-1.9 mg/L for lead, 0.12-0.46 mg/L for zinc, 0.02-0.36 mg/L for
chromium, 295-1,825 mg/L for sulfate, and pH of 7.9-8.8.  After the mine is closed and pumping stops, the potential
exists for mines to fill with water.  Water exposed to sulfur-bearing minerals in an oxidizing environment, such as
open pits or underground workings, may become acidified.

In addition  to wastes gene rated as pa rt of beneficiatio n, facilities also store  and use a va riety of chemic als
required by the mine and mill operations.  A list of chemicals used at lead-zinc mines, compiled from data collected
by the National Institute for Occupational Safety and Health (NIOSH), is provided below.22

Acetylene
Calcium Oxide
Hexone
Hydrogen Chloride
Methyl Chloroform
Methyl Isobutyl Carbinol
Nitric Acid

Propane
Sodium Cyanide
Sulfur Dioxide
Sulfuric Acid
Diesel Fue l No. 1
Diesel Fue l No. 2
Chromic  Acid, Diso dium Salt

Copper Solution
Kerosene
Methane, Chlorodifuoro-
Sodium Aerofloat
Sulfuric Acid  Coppe r (2+) Salt
(1:1)
Zinc Solution
Zinc Sulfate
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2. Mineral Processing Wastes

Electrolytic refining operations generate two m ineral processing wastes:  goethite and leac h cake residues,
and saleable residues.  These are described below.

Spent Goethite and Leach Cake Residues

Goethite is ge nerated to r emove iro n from the zinc  sulfate solution ge nerated b y leaching calc ine with
sulfuric acid.  Ap proxima tely 15,000  metric tons o f goethite are ge nerated an nually by the three  electrolytic
refineries in the U.S.23  Site-specific information on management practices for goethite were available for only one
facility, ZCA's Ba rtlesville, OK  refinery.  Mo ist goethite cake  is stored in an un covered , unlined waste  pile on-site
that dates from 1978, when the electrolytic process began at the facility.  Runoff from the pile flows to a clay-lined
sump pond and then to the facility's wastewater treatment plant.  We used best engineering judgment to determine
that spent goethite and leach cake residues may exhibit the characteristic of toxicity for arsenic, cadmium, chromium,
lead, mercury, selenium, and silver.  This waste stream is fully recycled and is classified as a by-product.  Data for
this wastestream are presented in Attachment 1.

Saleable Residues

Approximately 10,000 metric tons of various saleable residues are recovered annually in the purification of
the neutral leach zinc sulfate solution.24  These include a lead- and silver-bearing filter cake; a copper and cadmium
sludge, which is created by adding zinc dust to the solution; and a nickel and cobalt residue, also created by adding
zinc dust along with antimony as a catalyst.  These residues are stockpiled along with others, such as sump and tank
cleanings, on an unlined pad until they are sold or recycled.  Runoff from the pad collects in a sump and is pumped
to a large surface impoundment and eventually to the wastewater treatment plant.  Because these residues are
recycled, they are not believed to be solid wastes.  No chemical characterization data are available at present for
these residues.

Oxide retorting, considered a secondary mineral process because it uses primary zinc metal as a feedstock,
generates clin ker as a seco ndary mine ral proces sing waste.  W e used be st engineering j udgmen t to determine  that this
clinker may exhibit the characteristic of toxicity for cadmium.25

Production of primary zin c metal at bo th electrolytic and  pyrometa llurgical zinc pr ocessing p lants generate
several wastestreams common to both processes, as described below.

Process Wastewater

Process  wastewater is ge nerated at all fo ur of the ope rating zinc pro cessing plants.  A t ZCA's electro lytic
refinery in Bartlesville, OK process wastewaters consist of small streams from the roasting, purification,
electrowinn ing, and zinc se condarie s processe s, as describe d above .  Process w astewater and  plant runoff co llect in
two large, clay-lined surface impoundments and are pumped to the wastewater treatment plant for neutralization.  At
ZCA's Monaca, PA smelter, wastewaters include plant runoff as well as process wastewater from the blue powder
impoundments and the zinc sulfate circuit.  These wastewaters collect in a lined equalization basin and treated in a
two-stage neutralization process.  Approximately 6.6 million metric tons of process wastewater are generated
annually at the four U.S. primary zinc facilities.26  (The excessive generation rate for this wastewater [i.e., greater
than one million metric tons/yr] is due to commingling of numerous wastestreams.)  We used best engineering
judgment to determine that process wastewater may be recycled and may exhibit the characteristic of toxicity for
arsenic, cad mium, chro mium, lead , selenium, and  silver; it may also ex hibit the corro sivity characteristic.  T his waste
is classified as a spent material.  Data for this wastestream are presented in Attachment 1.

Acid Plant Blowdown
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Acid plant blowdown is generated when sulfur dioxide off-gas from the roasting operations passes through
a wet electrostatic precipitator to remove solids.  At ZCA's Bartlesville plant, two-thirds of the acid plant blowdown
are pump ed directly to th e facility's wastewater trea tment plant, an d the rema ining third is recyc led to the ho t tower. 
At the Monaca facility, acid plant blowdown is discharged to a concrete basin where the pH is raised to prevent
corrosion  of plant pipin g prior to b eing returned  to the scrubb er or being  used as feed  in the sintering pro cess. 
Approximately 130,000 metric tons of acid plant blowdown are generated annually at the four U.S. primary zinc
facilities.27  We use d best engin eering judg ment to de termine that ac id plant blow down ma y exhibit the cha racteristic
of toxicity for arse nic, cadmiu m, chrom ium, selenium , and silver; it may a lso exhibit the c orrosivity cha racteristic. 
Data for this w astestream a re presente d in Attachm ent 1.  W e used be st engineering j udgmen t to determine  that this
waste may also exhibit the characteristic of toxicity for lead and mercury.  Although this waste stream is listed as
hazardous, it is no longer generated and has been remanded.  Therefore, this waste stream was not included in our
analysis.

Spent Cloths, Bags, and Filters

Cloths, bags, and filters are utilized in operations at each of the four zinc facilities and may become
contaminated with potentially hazardous constituents.  Approximately 200 metric tons of these waste materials are
generated  annually.28  We used best engineering judgment to determine that spent cloths, bags, and filters may
exhibit the characteristic of toxicity for cadmium, lead, mercury, selenium, and silver.  This waste stream is recycled
and is classified  as a spent ma terial.

TCA Tower Blowdown

Appro ximately 1,00 0 metric ton s of TCA  tower blow down are  generated  annually.29  We used b est
engineering judgment to determine that TCA tower blowdown may exhibit the characteristic of toxicity for cadmium,
lead, mercury, and selenium; it may also exhibit the corrosivity characteristic.

Spent Synthetic Gypsum

Synthetic gypsu m is generate d during the  treatment of b leed electro lyte from the elec trowinning circ uit. 
Appro ximately 21,0 00 metric to ns are gener ated annua lly.30  The management practice for this mineral processing
waste is unkno wn, but the gyp sum is most likely sto ckpiled o n-site.  We us ed best eng ineering jud gment to
determine  that spent synthetic  gypsum ma y exhibit the cha racteristic of tox icity for arsenic, ca dmium, an d lead.  D ata
for this wastestream are presented in Attachment 1.

Wastewater Treatment Plant Liquid Effluent

Wastew ater treatmen t plant liquid efflue nt results from the  treatment of p rocess waste waters, includin g acid
plant blowdown, and plant runoff.  Approximately 3.5 million metric tons of effluent are generated annually by the
four operating U.S. plan ts.31  Effluent generated at ZCA's Bartlesville plant is discharged to a Class I industrial
injection well o n-site, while effluent from  the Mon aca smelter is d ischarged th rough an N PDE S-permitted  outfall to
the Ohio River.  We used best engineering judgment to determine that wastewater treatment plant liquid effluent may
be partially recycled and may ex hibit the characteristic of toxicity for cadmium.  This waste stream  is classified as a
spent material.  Data for this wastestream are presented in Attachment 1.

Wastewater Treatment Plant Sludge

Wastewater treatment plant sludge also results from the treatment of process wastewaters, acid plant
blowdown, and plant runoff.  Approximately 45,000 metric tons of sludge are generated annually by the four
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operating U.S. plants. 32  Wastewater treatment plant sludge from primary zinc processing is a RCRA-listed
hazardous waste and  must be managed  and disposed ac cordingly.  At ZCA's Bartlesville and M onaca plant, these
solids are recycled to the zinc ore roaster.  We used best engineering judgment to determine that wastewater
treatment plant sludge may exhibit the characteristic of toxicity for cadmium.  Data for this wastestream are
presented in Attachment 1.

Spent Surface Impoundment Liquids

Surface impoundment liquid consists of process wastewaters, acid plant blowdown, and plant runoff, the
majority of which is sent on to the wastewater treatment plant.  Approximately 2.5 million metric tons of liquid are
generated annually by the four op erating plants.33  (The excessive generation rate for this wastewater [i.e., greater
than one million metric tons/yr] is due to commingling of numerous wastestreams.)  We used best engineering
judgment to determine that spent surface impoundment liquid may exhibit the characteristics of corrosivity and
toxicity (cadm ium).  This wa ste stream ma y be partially rec ycled and is c lassified as a spe nt material.  Da ta for this
wastestream are presented in Attachment 1.

Spent Surface Impoundment Solids

Surface impoundment solids consists of solids that settle out of process wastewaters, acid plant blowdown,
and plant runoff discharged to the surface impoundment.  Approximately 1,000 metric tons of solids are generated
annually by the four operating plants. 34  We used best engineering judgment to determine that surface impoundment
solids may exhibit the characteristic of toxicity for arsenic, cadmium, lead, mercury, selenium, and silver.  Data for
this wastestream are presented in Attachment 1.

Smelting of zinc ore concentrate generates four mineral processing wastes:  zinc-rich slag, zinc-lean slag,
ferrosilicon, and refractory brick.

Zinc-rich Slag

Zinc-rich slag re sults from the distillatio n of purified z inc vapor in  the electrothe rmic furnace . 
Appro ximately 157 ,000 me tric tons are ge nerated an nually at the M onaca facility. 35  EP leach test concentrations of
all eight inorganic constituents with EP toxicity regulatory levels are available for one sample of zinc slag from the
Monaca facility.  Of these constituents, only lead was found to exceed the EP toxicity regulatory level, by a factor of
12.  The zinc slag sample that failed the EP toxic level was also analyzed using the SPLP leach test, and the lead
concentra tion measur ed using the S PLP lea ch test was three  orders of m agnitude b elow the EP  toxic level. 36 
Howev er, zinc-rich slag is c onsidered  to be a RC RA spec ial waste beca use of the volu me genera ted; conseq uently, it
is exempt under the Bevill Exclusion from regulation as a hazardous waste.  The slag is treated to recover coke and
zinc fines, which are recycled to the process, and zinc-lean slag and ferrosilicon.

Zinc-lean Slag

Zinc-lean slag, or processed slag, is stored in slag waste piles, disposed in a flyash landfill, or sold for such
uses as road gravel or construction aggregate.  Approximately 17,000 metric tons are generated annually at the
Mona ca facility.37  We used best engineering judgment to determine that zinc-lean slag may be recycled and may
exhibit the characteristic of toxicity for lead.  This waste is classified as a by-product.  Data for this wastestream are
presented in Attachment 1.
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Waste Ferrosilicon

Ferrosilicon is accumulated in a stockpile until it can be sold.  Approximately 17,000 metric tons are
generated  annually at the M onaca facility. 38  We used best engineering judgment to determine that waste ferrosilicon
may be rec ycled and m ay exhibit the ch aracteristic of to xicity for lead.  T his waste is classified  as a by-prod uct. 
Data for this wastestream are presented in Attachment 1.

Discarded Refractory Brick

Refractory brick is used to line the furnaces in which primary zinc smelting occurs.  As furnaces are
periodica lly relined, spent b rick is remov ed from the  furnaces and  disposed , most likely in a land fill on-site. 
Appro ximately 1,00 0 metric ton s of refractory b rick are rem oved from  furnaces ann ually.39  We used b est
engineering judgment to determine that refractory brick may exhibit the characteristic of toxicity for arsenic,
cadmium, chromium, and lead.

D. Ancillary Hazardous Wastes

Ancillary hazardous wastes may be generated at on-site laboratories, and may include used chemicals and
liquid samples.  Other hazardous wastes may include spent solvents (e.g., petroleum naptha), acidic tank cleaning
wastes, and polychlorinated biphenyls from electrical transformers and capacitors.  Non-hazardous wastes may
include tires from trucks and large ma chinery, sanitary sewage, and waste oil and o ther lubricants.
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