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Materials Fiow of Zine in the United States 1850-1990

8y James H. Jolly '

*%% ABSTRACT

Although zinec in the enviromment is generally considered to be beneficial
or benign, excessive amounts can cause deterioration of environmental quality
and toxicity problems for some plants and animals. High amounts of zinc in
the envivernment are often associated with anthropogenic activivies, mainly
rhese involving zine production and consumption aund those ralated to the use
and disposal of zinc-containing products. To obtain some upper limit
parameters on the historical quantities of zinc that may have entered the U.35.
environment from antbrépogenic sources, the Bureau of Mines conducted a
materials flow study of zinc from the earliest begioning of the domestic
industry through 1990 and for the year 1989, For comparative purpsses a2
generalized historical materials flow of zinc for the world was also prepared.

The United States was the world's leading producer and consumer of zine Lo
the 18501990 period. In that period, U.3. mines and smelters produced 153%
and 20%, respectively, of world output, and U.$. zinc consumption accounted
for about one-fourth of the world total. Haximun zinc losses into the
spvironment related fo the above prodﬁhtion, consumption, and digposal of end
use products total about 63 million tons. Dissipative uses and landfill
disposal have accounted for about /3% of the potential zinc losses to the
environment, followed by mining and smelting 22%, and manufacturing, 5%. At
the end of 1990, contained zinc in useful end-products in the United States
was estimated to be about 23 million tons. In 1989 slightly moxe than 1

million metric toms uf zinc in new zinc-containing products were added to the



domestic pool of zinc in use but in the same year, an estimated 0.9 million
tons was dissipated and discarded, indicating only small net gains te the zinc

pool of use annually.

"Physical scientist, Bureau of Mines, Washington, DC.



*%k%k  INTRODUCTION

Zinc is an ubiquitous element occurring in all rocks in the earth’s crust
and is a trace constituent In the oceans and atmosphere. Zinc {s the 23rd
most abundant element in the earth's crust and is estimated to have an average
crustal abundance of about 80 parts per million or 0.008%. Based on this
average, the amount of zine in a cubic mile of erustal rock would total a
surprising one miliion metric tons, Zinc is also ubiquitous Iin modern
societies, being found in all sectors of the economy in numerous everyday
items., It is widely recognized as one of the most important trace elements in
plant and animal growth and nutrition, and currently finds widespread use in
fertilizers, animal feed and vitamin supplements, Zinc has also been
identified as a toxic agent to some plant and animal species, mainly those
found in aquatic systCems.

Natural processes--weathering, ervosion, forest fires, and volcanic
accivitj-~add to and redistribute each year large tonnages of zine in the
general environmment but, rarely is the concentratiom of zinc from these
sources-high enough to affect the biota. Zinc derived from anthro?ogenic
sources- -agriculture, sewage, industrial production, mining and metalluxgy--is
also large and can be widely dispersed (by wind and water), but most tends to
be localized near its production, use or disposal source. Thus, the higher
zinc loadings in the enviromment, outside of naturally occcurring geochemically
zinc-rich areas, are those associated with anthropogenic activities, mainly
those related to process losses and waste products generated by mining,
metallurgical, and zinc-consuming operations and to sites asseclated with

metal corrosion, dissipative use and end-use product disposal.



Thr&ughout history, mankind has mined ores for zinc containing an
estimated 3%0 million tons of zine. From this cutput, about 270 million tons
was produced as refined zinc, whereas about 80 million tons was returned to
the environment in the form of mining and smelter wastes. An estimated 60% of
the total refined zinc produced/consumed throughout history has likely been
lost, buried, dissipated and/or corroded away; in essence this zinc can be
considered to have reentered the earth’s geochemical c¢ycle. The remainder,
about 110 miilien rtons, is estimated to remain in the pool of use., The above
estim#tas are to a large extent based on the fact that 70% of the vorld’s zinc
production and consumption has occurred since 13950 and almost 30% since 1970.

The return of anthropogenic zinc to the Harth’'s general environment has
been large. The United States, having been the world's largest producer and
consumer of zine, also has returned large amounts of zinc back into its
general environment. Because of increasing environmental concerns with zinc
wastes from zinc production, use and ultimate disposal, the Buresu of Mines
conducted a preliminary study to gain a better understanding of environmental
zine losses associated with the industrial flow of zine in the Uniced States.
The principal effort was a historical assessment to place upper limics on
losses from major point sources since the esrly beginnings of the domescic
zinc industry, Site-specific information is not avallable but magimum losses
associated with zinc mining and smelting by State are listed. A somewhat
similar assessment of domestic zinc losses in the flow for the year 1989 is
given in the Appendix B. A generalized view of the historical world flow of
zine and associated losses from the production and consumption of zinc since
1800 is given in Appendix C. No attempt was made to evaluate zinc losses from
activities outside the areas traditionally associated with zinc production,

consumption, use, recycling and disposal. Losses associated with the mining



and burning/smelting of coal and ores in which zinc is not sought were not
included in the historical study but were added to the 1989 assessment to
provide the reader somwe idea of potential zine losses to ths environment from

these sources.
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w4k HISTORICAL FPERSPECTIVE OF THE WORLD AND U.5.
ZINC INDUSTRIES

2inc is the fourth most widely used metal after iron, aluminum, and
copper, yst through most its history, zinc was not known as a distinct metal.
Zinc has been found in bronze artifacts made 5,000 years ago and has been usead
as a component of brass in Burope and Asia for mora than 2,000 years.

Although & few artifacts composed mainly of zinc metal have been dated back to
SO0 B.C., the extreme scarcity of such items before A.D. 500 suggests the
metal was made by accident or the technology was shoxt lived and forgotten.

In rhe 6th century, A.D,, the Chiness are known to have produced articles of
zine metal and are generally credited with being the first to develop the
technology to make zinc .metal. 2inc was smelted in the Zawaxr area of India as
early as 1000 A.D. and was produced there on a relatively large scale
beginning in the 13th centusy. Europeans were apparently unfamiliar with zinc
metal until the 16th century, even though they had used earthy forms of zinc
compounds for many years to make brass.

Uses before zinc metalmaking involved the naturally occurring zine
minerals and oxidic zinc materials resulting from smelting lead and copper
ores. Zinec's presence in early bronze was most likely accidental and
dependent on the ores used, whereas, z@nc compounds were recognized and were
deliberately mixed with copper to produce b£ass by the cementation process.
Some cosmetics and medicines of ancient Egypt contalned apprecliable amounts of

zine carbonats and/or zinc oxide.
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The technology of smelting zinc is thought to have been brought to Eurcpe
from Asia around 1730, and in the early 1740's the first European zinc smelter
was erected in England, By the end of the 18th century, large-scale
commercial smelting had began in Europe, mainly as a result of.improved
distillation methods utilizing horizontal muffles of large capacity. Zinc
distillation by the Belgian method or by numerous small horizontal retorxts
externally heated in a single furnace followed within a few years. The
Belgian methoad gained widespread acceptance and was the principal preoduction
method for the next 100 yeary.

In the United States, the first zinc metal was produced in 1835 at the
Arsenal in Washington, D.C. The Govermment brought in workers from Belgium to
build and operate a small spelter furnace te produce zinc from zincite ore
from New Jersey. The primary purpose for the zinc produced was to provide
alloying metal to make brass for the manufacture of U;S. standard units of
weights and measures.

The U.S. zinc mining industry comm;rcially began about 1850 with‘
production of oxides and compounds from zinc oves in New Jersey and
Pennsylvania. In 1860 smelters were built in Illineis and New Jersey to
produce metal from nearby ores. By the turn of the century, U.§. zinc
smelting activity had grown rapidly, mainly developing in Illinoi#. Kansas,
Missour{ and Pennsylvania because of closeness to zinc ores and ceal or
natural gas for smelting fuel. The discovery of low-cost natural gas In
Kansas in the mid-1890’s led to increased smelting in that State and made
Kansas the leading zinc-producing State by 1899. The development of mineral
flotation processes early in the 20th century made it possible to recover zinc
from fine-grained and complex ores and to produce high-grade concantrates,

This led to zine productisn in many areas of the United States.
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World zinc metal production was centered in Europe in the 18th and 1%9th
centuries; however, toward the end of the latter century, U.S. zine production
had risen substantially, resulting in a second major world preduction center,
By 1901 the United States had become the leading world zine producer, a
pesition held for most of the next 70 years. After World War I, a number of
countries, including Australia, Canada, Japan and the U.5.5. R., began
development of substantial zinc smelting industries, Despite increased zinc
production slsewhere, Burope, except during the two World War periods, and the
United States continusd to be the main zinc smelting centers, in part because
they also were the large zinc consuning aveas. From the late 1960‘'s U.S. zinc
production declined because numerous smelters closed for environmental,
economic and technical reasons, resulting in the reduction of U.5. zinc
smelter capacity to one-third its former level.

Trends over the past 100 years in U.5. and world zinc mine and smelter
production are shown in Figures 1 and Figures 2, respectively. For the most
part, the trends are similar. U.§. miﬁe and smelter output of zinc was
dominant in the world until‘after World War II, but proportionally declined
thereafter, owing largely to new production in many foreign countries.

Despite production decreases in recent decades, the United States,
cumulatively, has accounted for wore of the world’s zinc mine and smelter

output than any other country and, alsc, has been the leading consumer.
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FGURE 1

U.S. AND WORLD ZINGC MINE PRODUCTION
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*x% MATERIAL FLOW OF ZINC IN THE UNITED STATES

The principal relationships of zinc production, consumption, recycle and
disposal in the U.$5, economy are shown in figure 3. These relationships
esgentially have remained unchanged since the early yesars of the U.S5,
industry; however the relarive importance, technology, and associated zinc
losses to the environment of the varlous sectors may have changed
significantcly.

Zine has been mined in 30 States at several thousand wining sites. Most
production has come from long-producing mining distrlcts discovered in the
19th century, but in reacent years production has shifted to newly discovered
districes in Alaska, Missourl, and Tennessee. Several hundred mining
operations typically have accounted for annual zinc production throughout most
of the industry's history, but in rscent years, fewer than 25 mines have
accounted for virtually all domestic zinec output. Since 1850 New Jersey has
yielded the most zinc, followed by Oklahoma, Tennessee, Missourl and Idaho.
Zine is no longer mined in New Jersey and Oklahoma, the two States with the
1a?gest output, overall,

Mine activity can result in substantial zine loading of the environment
but is largely a local phenomenon occurring mainly in the form of zinc-bearing
waste rock, ore spilled or wind-blown during handling and transport and
discharged mine waters. Each of these contamination sources may or may not be
environmentally significant for any given mine operation.

Waste rock can be dumped on surface, used for mine backfill or consumed as
construction or agricultural materials. Surface-dumped waste rock including
piles leached for copper and the like, rarely results in zinc levels exeeding
permissible amounts or that of the loecal soil and bedrock. Exceptions to

above however occurred mainly in the early years of the U.S. mining industry
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when zinc's presence in mixed ores was more hinderance than advantage and in
operations where lower-grade, zinc minerslized rock was mined ss Wasté to gét
at higher-grade ore. Nonetheless, because zine minerals tend to be leached
slowly from waste rock and tailings, zinc concentrations tend to be low and
present few problems. Once solubilized, zinc tends to become fixed in solil
and clay minerals, to react with carbonate or silica minerals to form stable
compounds, or to be diluted In water systems to permissible levels.

Similarly, wind-blown dusts from tailings and waste piles may cause problems
but rarely are problems directly associated with the zinc content of the dust.
Ore milling and concentration of valuable constituents can be a major
source of environmental zinc loading. Tailings, the solid waste product after
most of the valuable minerals in an ore have been extracted, is, by far, the

largest contributor. As in the case of mine waste rock, zine will tailings
are largely confined to the mine and/or mill site and are disposed of in
surface ponds, used for mine backfill, and consumed for construction and
agricultural purposes. Concentrates of other metals, mainly lead, that are
produced from mixed ores containing zing, often are a major source of zinc
losses when the concaentrates are smelted. Lead smélter slags have yielded up
to 100,000 toms of zinc per year by slag fuming; but prior to 1927 and after
1984 no zine was recovered by slag fuming in the United State. Pregently in
the United States, millions of tons of lead smelter slags containing 5% to 20%
zine are presant'at operating smelters and at former lead smelter sites.
$ince 1850 numerous domestic zinc smelters in 17 States have processed an
estimated 61 million tons of zinc contained in ores and concentrates to
produce slab zinc and zinc compounds, mainly American-process zine oxide.
Losses in smelting and refining have been primarily in the form of slags,

residues and dusis, Pennsylvania has been the largest metal-producing State.
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Other principal metal-producing States, in decreasing order of curpur, were
Illinois, Oklahoma, Montana, and Texas. A breakdown of ore-sourced zine
compounl production by State (s not available but Pennsylvania, folleowed by
Tllinois, Kansas, and Chio were the leading producing-States of American-
process oxide.

Horizontal retort smelters accounted for all domestic zinc metal
preduction until the first electrolytic zine swmelter came on-stream in 18915,
In the early 1930's the first vertical retort smeltars came on straam.
Thereafter, primary zinc metal was produced by all three production methods,
but overall, horizontal retort smelters, by far the least efficient in term of
zine recovery, have accounted fox the most zine output, Of 14 smelters
operating in 1968, 1l permanently closed, leaving only 3 of the original
smelters--2 electrolytics and 1 electrothermic {& type of vertical retort})--in
operation. These, plus a new “greelfield® electrelytic smelter built in the
late 1970's were the only U.§. smelters operating in 1990, TLarge tonnages of
zinec-containing siegs and residues (in total) remain at some of the plant
sites of the recently closed smelters and at sites of some long closed
smelters.

Domestic mining and smelting accounted for wvirtually all of U.S. needs for
basic zinc products {metal, dust and compounds) up to World War IT. During
and after the War up to the early 1970's the United States continued to be
largely self sufficient in the production of basic zine products but large
quantities of zinc concentrate had to be imported to meet smwelter feed
requirements.

With the decline of the U.3. zinc smelting industry beginning in the late
1960’3 the United States fell from near self sufficiency in basic zinc

products preduction to one requiring large imports, mainly metal.. The opening
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of several-new zinc-producing mines in the past few years has reversed the
downtrend in U.8. zine mine output and, in 1930, output rose to former high
production levels. Ironically, because of deficilent domestic smelter
capacity, the United States in 1990} became, for the first time, 2 major world .
exporter of zinc concentrate, but at the same time, continued to be the
world’'s largest importer of basic zinc products.

Ore-sourced domestic zinc oxide production also underwent profound change
since its initial production in the early 1830's, Because the ore-sourced
zine oxlde process was developed In the United States, this production method
became known as the American-process or direct method., Until the New Jersey
Zine Company began Fremch-process zinc oxide production (made by melting and
vaporizing metal) in 1893, all U.S5. output was American-process. Thereafter

both types were produced, but American-process overwhelmingly dominated

in

French-process production in the United States untll the last few decades.
1987, the last domesti¢ ore-sourced zinc oxide plant cleosed down. Virtually
ail of the "consumed as ore" category listed in Appendix A represents American
process zinc oxide production. Only a few thousand tons of zinc sulfate
production fell in this category in 1950,

Recycled zinc is derived from new and old scrap. New secrap is mainly
generated when basic zinc and semimanufactured products are consumed or used
in a manufacturing process., OLd scrap is entirely derived from recycled,
obsolete and discarded end products. New scrap consists mostly of drosses,
skims, furnace dusts, and residues from galvanlizing and diecasting operations,
brass mllls, and chemical plants, and clippings resulting from the processing
(stamping, triming, ete.) of galvanized steel sheet and strip, rolled zinc,
~ and brass sheet. O0ld zinc serap has historically consisted almost entirely af

diecastings, volled zinc items and brass products. Only in the past few years
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has any zinc been recovered f£rom new and old galvanized steel scrap or from
discarded yubber tirss, Recovery from used tires is small but recovery from
galvanized products has risen dramatically. In tonnage terms, new and old
galvanized steel scrap has become the third largest sourcze of secondary zine
after brass scrap and dress.

Zinc materials made from zinc scrap are slab zinc, alloys, duscs, and
compounds. Brass szcrap, on the other hand, is typically remelted and, with
alloy adjustment, is recast as brass. Zinc chloride and sulfate compounds are
produced largely by acid leaching of skims, dresses, and residues.

An estimated 4 million tons of refined zinc metal was produced in the
1859-.1990 peried from secondary materials at primary and secondary smelters in
the United States. Secondary slab zinc production has accounted for only 7%
of the total historical U.8. refined metal output, although percentagswise it
has lncreased as a portion of total slab zinc output in the last few decades,
mainly owing to decreased primary metal production. In 1990, secondary slab
zinc accounted for one-fourth of U.3. metal production. The trends and
sources of U.$5. slab zinc production over the last 100 years are shown in
Figure 4,

The United States has been the world's largest zinc-consuming country
since the early 1900's. U.S§. zinc consumption was éboﬁt l4% of the warld
total in 1990; but, cumulatively since 1850; the United States has accounted
for an estimated one-fourth of the total world consumption. Figure 5 shows
the 100-vear trend in U.S. zinc consumption and the component sources of
consumption. Slab zinc produc ed from secondary materials ls included in
nglab zinc" and excluded from "secondary zine" in Figure 5.

A breakdown of the basic use areas of U.S. slab zinc consumption for the

last 90 yvears is glven in Figure 6. Galvanizing has been the largest consumer

n



FIGURE 4
U.S. SLAB ZINC PRODUCTION
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of slab zine, and, overall, has accounted For about one-half of the domestcic
slab zine consumption. The most significant change in slab zinc consumption
was the rapld rise in che use of zinc-based alloy following development of
satisfactory alleys for die casting purposes in the mid-1520's. Spurred on
mainly by use in the automobile industry, zine diccasting use expanded maony-
fold, reaching its highest leval in the 1860's and early 1970's. In the mid
1970's the energy erisis led to downsizing and weight reduction programs in
the automotive industry and substantial reduction in zinc-based alloy use.
Rolled zinc was more extensively used prior to World War II, finding
widespread use as roofing, gutters, battery cans, and engraving plates.
Rolled zinc use fell in subsequent years owing to substitution and
téchnological change but rebounded sharply in 1982 when "zinc penny”
production started., In figurs 6, rolled zinc is itncluded in "Other”™ useés
after 1985

ind-use zinc materials can be disaipative or long lasting. Dissipative
products include zinc used in fertilizers and animal feeds, pharmaceuticals,
vitamins, welding fluxes, engine oil additives, and fungieides. Alse
considered dissipative are short-tarm uses such as process chemicals, dry zell
ancdes and medical rubber products. Other products utilize zinc in a longer-
lasting, dissipative way. Unprotected (from weather or corrosive conditions)
galvanized surfaces, rubber tires through wear, sactificlial anodes, and
exterior paint, all lose zinc over time. The zinc in wost other end-products
is not dissipated and ends up being landfilled or recycled when the product is
discarded. Most zinc disposed of in the United States has likely been
Tandfilled.

Historical salient zinc stacistics and graphical illustrations of various

aspects of U.§. production and consumption of zinc are given in Appendix A and
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in Figures 4, 5 and 6. In the above mentioned statistics and figures some
data, especially those prior 1907, were generated based on available
information, estimation, and assumption, 1.8, trade in most zinc compounds
and alloys, semimanufactures and end products (zine content of) generally is
not avallable and is net included; however, net trade, in ores and slab zine,
by far the largest components of U.S. non-end-use zinc trade, is considered in

the data, Information on the U.S. zinc industry, for the wost part, has been

well documented in annual volumes of Mineral Resources of the Unjted States
through 1923 and, thereafter, in volumes of the Minerals Yearbook. Thess were

the principal sources for the statistical data used, including thoese for world

production and use.
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sokk METHODOLOGY AND ZINC LOSS ESTIMATES

Each section of the flow diagram was analyzed for losses to the
environment. The basic data used for the analyses are those shown in Appendix
A. As stated before, a number of assumptions and estimates were made for
unavailable basic data. A search of the literature provided the basis for
many of the assumptions used in guantifying sector losses. Principal
references consulted are listed at the end of the report. Loss analyses were
made on the three major zinc flow sectors: (1) mining and milling; (2}
smeltiﬁg and refining: and (3) consumption, use and disposal.

Mining and m{lling and smelting losses were considered by time segments to
reflect the general conditions and technology pravailing in that time perilod.
Taken into consideration was type of deposits, minerals involved, mining
methods, concentrating methods, mill recovery facrors, transportation and
handling ¢f ore and concentrates, ore smelting and/or processing technology,
and process recovery factors.

Losses in domestic mine production were calculated by working backward
Ef§m recoverable mine output (the only available historical mine production
data zeries) to zipe in ore mined. Recoverable mine output is defined as the
actual amount of zinc recovered after smelting and/or refining. Estimated
mine and smelter recoveries were based on generalizad factors for each time
period on a State by State basis. The calculations for losses in smelting
provided the quantity of zine in ore and concentrate shipped to smelters.
Based on mine and/or mill recovery factors, the amount of ore hoisted or
milled was determined. Figure 7 and Table 1 show estimates of the zinc
contained in ore mined by State and estimates of zinc losses associated with
direct ove shipments and milling and concentration process. The analysis

indicates that about 56 million tons of zine in ores was mined in the United



Table 1. Estimated Zinc Ore Production, 2inc Losses in Beneficiation
and Total Zinc shipped for Smelting and Refining by State, 1830-1990

(Thousand metric tons)

State Ore Mined/Hoisted  Processing lLosses Shipped Ore/Concentrate
(Zinc content) {Zinc content) {(Zinc content)
Alaska 2589 Lé 253
Arizona 1,289 137 1,152
California 221 39 182
Colorado 3,604 710 2,894
Idaho 3,966 GLL 1,355
Illinois 824 98 726
Kansas 3,408 638 2,770
Missouri 6,312 1,444 5,068
Montana 3,765 592 3,173
Nevada 673 110 565
New Jersey 6,888 581 &,307
New Mexico 1,832 225 1,807
New York 3,345 307 3,038
Oklahoma 6,74 1,184 5,530
Pennsylvania 710 51 659
Tennessee 5,225 338 4,887
Utah 2,585 499 2,088
Virginia 1,015 74 41
Washington 763 79 684
Wisconsin 1,914 ass 1,529
other’ 243 4b 203
Total 55,803 8,194 47,609

Tarkansas, California, lowa, Kentucky, Maine, Maryland, New Hampshire,

North Carclina, Oregon. South Dakota and Texas.
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Figure 7.--Zinc Ore Production and
Shipments, By State, 1850-1990
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States in the 1850-1990 period, yielding about 48 million tons of zinc
contained in direct shipping ore and concentrate. Zine losses, in mining and
milling overall, were about 15% of the total mined and cccurved mainly in the
form of @111 tailings and unrecoverable zine in other copcentrates, mainly
lead concentrates.

¥.8. zince smelter production has come from domestic and imported ores and
concentrates. In the 1850-1990 period domestic smelters and ore-sourced zinc
oxide producers processed an estimated 61 million tons zinc In cres and
concentrates producing about 47 million tons of zine wetal and sbout & millien
tons of zine in oxides and cther compounds. Zine losses, malnly in the form
of smelter dusts, slags, residues, etc., totaled abour 6 million tons, or 10
of the zinc in the smelter feed. Primarvy metal production and losses
associated with that productisn are shown by State in Figure 8 and Table 2.
losses assoclated with zinc oxide (and other zinc compounds) produced directly
from ores and concentrates were estimated to be 10% of production, or about
200,000 tons. Because American procass'zinc oxide production by State is not
known, the distribution of zinc losses by State was judged by where companies
operated the longest. Ore-sourced oxide was produced at both primary smelters
and plants specifically designed for that purpose. Eighteen American-process
zine oxide plants were in production in 191% compared with 8 plants in 1956
and no plants in 1987. Pennsylvania was judged to have accounted for about
40% of the output and losses, followed by Illineois, 20%; Kansas, 13%; Ohio,
10% and other States, 15%,

Zinc scrap, waste, and residues have been processed at many secondary
plants, brass producers, and all primary zinc plants in the United States.
Zinc losses to the anvironment and the locations of losses associated with

secondary recycle are generally not available. The Bureau has a data serles



Table 2. Primary Smelter production of Slab Zinc and Estimated Zinc Losses
In Smelting in the United States, By State, 1850-1980
(Thousand metric tons)

Total Zinc in

State Production Losses in Smelting Smelter Feed
Arkansas 00 130 1,030
Idaho 2,713 167 2,880
Illineis §,032 1,082 9,114
Kansas 2,307 467 2,774
Missouri 390 85 475
Montana 6,648 456 7,084
Oklahoma 7,502 886 8,388
Pennsylvania 10,300 1,021 11,321
Texas 5,363 504 5,867
West Virginia 2,008 . 249 2,257
Other' 1,285 120 1,405
Total 47 . 448 5,167 52,595

Tcolorado, Indiana, New Jersey, Temnessee, Utah, Virginla, and Wisconsin.

8



IMVA'LN'NL'PN'CD 18410

sesso Ezg  uononpold Il

_

U0 AM X1 vd MO 1N OW S T di

066L-6581
ajelg AQ ‘sesS0T] Jd}jowg poleIdOSSY pue
uoIioONPoId o7 qejs Ateuwild--'g a.nbi4

5,_.‘—-—-—00_‘ Ed’*‘\-—'-u —-Oo0Cow

9



on zinc recovered from secondary materials but the quantity of zine in waste
and scrap fed te the recovery process is not available., As a result, no
attempt was made in this report to quantify or locate zinc losses generated in
recycling activities. However, secondary process losses are indirectly
included in the overall loss data because they were accounted for as losses at
prior points in the flow of zinc; merely the site and, possibly, the disposal
form of the zinc has c¢hanged.

The zinc use and disposal sectors are the mest difficult to contend with
because very little information 15 avallable to make an assessment. The
available data on domestic zlnc consumption is essentially that coellected by
Fhe Bureau of Mines on basie¢ zinc proeducts.--slab zinc, dustc, oxide and
sulfate; but even then, end.use distribution, except partially for slab zine
and oxide is not well documented. The zinc contents of most end-use praducts
are not known, although average esgstimates for some items, such as automobiles,
have been made at various times.

Basic zinc products enter end products in two principal ways, directly or
indivectly. For indirect entry, basic zinc metals and compounds are used to
make an intermediate or semi-manufactured product. Such products have been
galvanized sheet, strip, and structural shapes, alloys and in some cases
intermediate chemical compounds. Zinc oxide for example, is the starting
compound for the manufacture of many zinc-chemicals, some of which are used in
processes elsewhere. Semi-manufactured sheet products are used to fabricate
end products; for example, galvanized sheet is stamped into automobile fenders
or rolled zine is punched co make penny blanks. Direct end uses of basic zinc
materials have been paint, rubber tires, castings, and the galvanizing of
nails, fencing, ete, which are considered end products. The available data on

U.S. zinc consumption, are incomplete and mixed as regards direct or indirect
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use, as well as absolute tonnages in any given use area.

The Bureau’'s consumption data for slab zinc, by far the largest component
of zine consumption, do not generally measure the amount of zinc in a finished
end product but provide a measure of the first use of the metal, L.e. when it
is first melted for galvanizing or alleoying purposses or converted to a
compound. If steel is hot-dipped galvanized, for example, the process drosses
and skims as well as the zine coating adhering to the steel are considered to
be slab zine consumption in the Buresau's galvanized sector of use, Further,
if the zinc was used to make an Intermediate product such as galvanized sheert,
brass ingot or sheet, or rolled zinc, addlitlonal wastes may be created from
stamping, punching, and trimming operations, Again, the quantity of zine in
the end product represents aven less of the zinc reported as consumed because
rot all of the sheet or ingot was used to make the product.

In attempting to determine the amount of useful zinc entering the U.S.
economy, total slab consumption and the "consumed as ore" categories in
Appendix A and old scrap were assumed to constitute the amount of zinc ending
up in end products each year. New scrap was not Included as it would
constitute double counting. Products made from new scrap, however, were
viewed as accounting for the quantity of zine lost in‘consumption of basie
zinc materials and, therefore, are indirectly included, Old scrap was not
digstinguished as a separate zinc statistic by the Government until 1939.
Estimates for ald zinc scrap for the pre-1939 years were assumed to be the
same 2s secondary slab zinc production based on the fsct that old scrap and
secondary slab zine production have tended to annually total about the same
tormage in post-1939 years.

The zinc contents in imported and exported goods are not known, and were

not considered in the data, except inclusion of an estimate for the past 15
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years when large quantities of galvanized steel, diecastings, brass, and zinc-
containing finighed preducts were importaed inte the United States. The reasocn
for including imports in the end use data for recent years, was based on the
assumption that U.S. per capita zine consumption has remained high despirte
reduction in consumption measured in the conventional way, i.e. domestic
industrial consumption. During and immediately after the two World Wars, U.S,
exports of zine in end products undoubtedly exceeded imports; this aspect
however, was not considered in the "zinc in use” data.

The methodology used to detormine estimated zinc in use and cumulative
zinc dissipated and discarded since 1850 was based on assigned percentage zine
losses over time. The guantity of zinc put in use in any given year was the
amount consumed as discussed above. The "in use® or "lost" quantities for x
number of years after the year put in use, was determined and applied
similarly to all years. For example 90% of the zinc consumed in the first
year of any given year was assumed to continue in use; ten percent,Aof that
year’'s consumption was assumed to have Been dissipated or discarded., Only 30%
was considered to be in uge after 14 years. Annual totals of zinc In use were
calculated énd plotted for every five-year period from 1860 to 1990. Figure 9
shows graphically the historical cumulative in-use and loss data for rhe
United States.

The data indicate that an estimated 73 million tons of zimc were placed in
use in end products in the United States in the 1850-1990 periecd. Of that
cotal an estimated 23 million tons of zinc wag still in use at the end of 1950
and 46 million tons of zinc in end-use products have been used in a
dissipative way or were permanently discarded In the 1850-1990 pericd. Flgure
10 shows the principal sources and maximum losses to the environment

associated with the historical industrial flow of zinc in the United States.
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e GUMMARY

The United States was the world’'s largest producer and consumer of zine in
the 1850-1990 period. During that time, an estimated 41 million tons of
recoverable zinc came from domestic cores, 59 millicon tons of refined zinc was
produced by domestic smelting or processing, and 73 million tons of zine
entered the U.S. economy in the form of end products. Potential losses to the
environment from the above zinc mining, processing, consumption, use and
disposal were estimated to total 63 million tons (sse figure 10).

It should be noted that the lesses indicated represent only approximate
maximun potential lesses to the environment and are presented as a guide for
further work. HMill tailings, for example, may have been reworked for zinc,
used for mine backfill, or commercially used as fertilizers. Mine rock,
tailings and smelter slags often have been used for construction and road
building materials. Zinc-bearing slags are sometime used in fertilizers and
animal feeds to provide trace constituents to the product. The zinc content
tyﬁicaily is benign or beneficial to the environment in the above applications
and fot the most part, in most other instances in its end use and disposal.

Although actual zinc losses to the environment, especlally in zinc mining
and smalting, are thought to be substantlially less chaﬁ those indicated by
this study, the data provide basic knowledge regarding anthropogenic loadings
from production sources by State and from end-use disposal as it may relate to
disposal near historically large populatien centers. On-site studies,
however, will be necessary to determine the trus extent of zinc loadings at

specific mining, smelting, manufacruring andé disposal sirtes,
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***APPENDIX A. -- U.S. SALIENT ZINC STATISTICS, 1850-1990
This section contains most of the basic statistical data upon which the

U.S. historical materials flow study and the study for 1989 was based.
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***APPENDIX B. -- ZINC MATERIALS FLOW OF THE UNITED STATES, 1989

The following series of diagrams (figures B-1 thru B-11) show the sources
and the potential and probable losses of zinc into the U.S. enviromment during
1989. The materials flow of zinc in 1989 was essentially that shown in figure
3 of the main report. The only exception was there was no ore-sourced zinec
oxide production in 1989.

Figures B-1,2 and 3 show the sources of zinc losses to the environment
owing to mining and primary zinc smelting. In addition to ores mined and
smel&ed for zinc, other primary sources of zinc-loading of the environment are
shown to illustrate their possible importance to a study of this kind. For
example, in 1989 domestically-mined copper ores, coal burning, and other ore
mining and processing were estimated to each contain from 20,000 to 30,000
metric tons of zinc, none of which was intended for recovery. Some of this
zinc may have been recovered In smelter dust, however most was likely added to
the environment in the form of tailings, fly ash and smelter waste products.
These non-primary zinc sectors are areas for possible future study.

| Figures B-4 and B-5 show the sources of U.S. supply of basic zinc products
for 1989. The data include basic products made from new scrap and, therefore,
double counting of zinc occurs in the apparent consumption total. Although
this distorts the amount of zinc consumed overall, it permits better
represention of the basic quantities required to produce end products as well

as assoclated zinc losses and quantities of new scrap generation.
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Figures B-$6 through B-10 provide estimates of use sector consumption and
losses associated with that consumption. Most of the "logses" indlcated are
new scrap and in essence, most of this material i{s recycled,

Figure B-1l summarizes the materials flow of zinc in the United States in
1989 in teymg of losses to the environment from zinc-related production,
consumption, use, and end-use disposal. Losses associated with 1989 zince
production and use were about 164,000 tons; however when the use and disposal
of zinc products frem previcus years is considered, about 900,000 tons of zine

likely entered the U.S. envirocnment from these antropogenic sources in 1989,
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Figure B~ 3.
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Figure B - 5.
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Figure B~ 7.
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Figure B - 9. Rolled Zinc and Dust Uses in 1989
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*%*kAPPENDIX C.--MATERIALS FLOW OF ZINC FOR THE WORLD 1800-1990

This section contains the historical materlals flow of zine for the world
for the 1800-1990 period. The historical world zinc mine and/or smelter
produccion formed the basis for the diapram; it was assummed that production
was equal to consumption. Most other sectors in the diagram are estimated
based on the U.S. experience in the main study. Refined zinc production and
consumption were assummed to be smelter production (slab zine) plus estimates
for ore-sourced zinc compounds and old scrap recycle. Losses of zinc to the
environment from production and consumption activities were estimated to be
less, percentage wise, for the world as a whole than for the U.§. industry
because most of the world’'s production and consumption occurred outside the
United States after World War II. The post World War II period was
characterized by increased zinc recoveries at mines and smelters, construction
of new, more efficient produstion facilities, and improved, lasa wasreful
manufacturing technologies. The amount of zinc remaining in the world’'s pool
of use was an estimate based on the fact that 70% of the total world zine
production and consumption has occurred in the past 40 years.

Figure C-1 shows that a maximum 240 million tons of zinc can be considered
to have re-entered the Earth’s environment from zinc mining, smelting,
consumption, use and disposal activities since 1800. Dissipative use and
land- £1l1 dispesal accounted for 63% of the zine returned, followed by mining

and smelcing, 33%,and consumption and manufacturing, 4%.
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