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REVIEW NOTICE

This report has been reviewed by the Office of Toxic Substances, EPA,
and approved for publication. Approval does not signify chat the contents
necessarily reflect the views and policies of the Environmental Protection
Agency, nor does mention of trade names or commercial products constitute
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ABSTRACT

A ettt pelieprgg—.

The role of arsenic (and its compounds)  in the envirorment and in the
economy of the United States was studied, to evaluate the need for and the pro-
jected effect of controlling its production, use, dissipation, and emission.

The occurrence, chemistry, and toxicology were reviewed; the prevalence of ar-
senic as an impurity in commercial raw materials, processes, and products was
systematically documented; the intentional commercial flow of arsenical pro~
ducts was quantified; the sources of pollution were identified and chatracterized;
and the health hazards were evaluated,

The intentional production and use of arsenic and its compounds is greatly
exceeded by the quantities unintentionally mobilized by industrial activities.
The arsenic currently in food and water presents no identifiable health hazard,
and the present contiols on arsenical products, by a number of Goverrment agencies,
appear adequate. Emissions to the air from high-tenperature processes arve large,
particulate collection devices appear largely inadequate, and the dangers pre-
sented are of serious concern.
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SECTION I

Chjectives of the Study

Efforts by various parts of the U.5. Environmental Protection Agency,
EPA contractors, other Government agencies and other workers in the field are
making increasingly apparent the present and potential dangers to man and the
enviroment fram wrostricted production and use of certain toxic chemical sub~
stances. For many of these substances, there is ample evidence that the sub-
gtances are in fact, toxic, However, these substances have, in ganeral, bene-
ficial uses and are of value to the private and public sectors of the U.S.
econcry. Hence, the posture of the EPA with respect to these substances is
neither a blanket endorsament of current and projected practices as presenting
no real danger; nor is it, at the other extreme, a total and immediate ban of
the production and use of these substances. Realiatically, for many of these
toatic substances, a careful assessment is requived of the dancgers and of the
options reasonably available for reducing the dangers.

This report is the partial result of a study specifically intended to
provide such dbjectiwe data for several toxic chemical substances. The sub-
stances covered in this report are elemental arsenic and arsenic compounds.

The specific cbjectives of this study of arsenic (and its compounds) ave:

1. To objectively and quantitatively evaluate the real dangers
(both present and projected to man and to the envirorment,
without the implementation of new and specific control
measures.

2. To make an accoumting of how, where, and how much arsenic
is entering the environmant in accessible (and possibly
dangarcoug) forms.

3. To identify control alternmatives which may be techno~
logically and economically feasible, and to evaluate
the aeffectiveness of each of these control altematives
in reducing the overall danger of arsenic to man and the



4. To delineate the present and projected role of arsenic
{and its campounds) in the 0.5. econcmy, and to evaluate
the impact. of each of the control altematives upon the

Bconomy .

Previous Studies of Arsenic

Much has already been published on the varicus aspects of arsenic and the
environment. Varioux investigators over the years have separately reported an
the physical, chemical and biological properties of arsenic and its campourds;
on the natural abundance and polluted levels found in air, water, and food; on
the toxicology and es:imated haman dose rate ranges; and on the movement and
effects of arsenic in the ecosystem. Much less has been reported on the uninten-
tional mobilization of arsenic (as an impurity) by industry; on the flow of ar-
senic in society {i.e., in the econonmy); on the potential for substitutes in com-
mercial applications; on the identification of pollution sources and of abatement
practices; and on the costs of abatement and of use restrictions,

Study of these aspects of arsenic and the envirorment have been severaely
hampered by the fact that no authoritative U.S. production or consumption data
have been published since 1959, when the American Smelting and Refining Company
(ASARDD) became the asole U.S. producer of white arsemic. The U.S. Bureau of Mines
has since than withheld these data to protect the proprietary interests of ASARCD.

Arsenic as a minor comstituent of industrial wastewaters and of industrial
land-destined wastes has received much less attention than the heavy metals in the
many recent EPA studles on an industry-by-industry basis for effluent quidelines
development and for hazardous waste practices. A possible enplanation is that
while atomic absorption is a rapid and economical analytical technigue for the
deteymination of heavy metals, it requires more modification of technique and
matrix correction for arsenic determination so that alternate separate and specific
methods are usually preferred vihen the determination of arsenic is mandated.

There have been saveral recent publications which cover more than a narrow
aspect of the mibject of arsenic and the enviromment. Among these are the



2} (30) (42)

publications of Sullivan, ¥ pavis, ) whitacre and pearse, 3% and wood.
However, these were for the moet part gtill addressed to only a porticn of the
subject, and none were intended to be a cumprehensive and detailed encyclopedia
for arsenic.

Scope of This Study and Report

In light of what already has been publizhed and what has not, this study
and report attempts to provide a resource analysis for arsenic and its compounds
with as complete a bacadth of coverage as was practicable within time and bud-
getary constraints. [t was felt that an appreciation of all aspects of the com-
mexcial and enwironmer.tal flow of arsenic was needed to realistically assess any
dangers and to formilate and assess options for reducing the dangers.

This resource analysis of arsenic may be divided into four major subjects,
First is a detailed review of the occurrence and chemistry (Section III and of
tha toxicology (Section VI) of arsenic and its campounds. These are the areas
vhich have received considerable attention from other investigators but which,
to our knowledge, have not been assembled before in a camprehensive fashion
suitable for achieving the objectives of this study. Included in Section IV
are natural occurrence, chemistry of the element, analytical determination and
coprecipitation, white arsenic refining, chemistry in fresh water, chemistry in
solls, removal fram soils, plant uptake, bioclogical transformation and the ef-
fects of phosphorus on arsenic transport. Section VI includes exposure stan-
dards, acute and chronic effects, levels in foods and in tissues, modes of toxi-
cological action, oxidation state va. toxicity, organic vs. inorganic arsenicals,
and the metaboliam of arsenical animal feed additives.

The second major subject of this report systematica:ily covers, for the first
time (to our knowledge) , the many comnercial raw materials, processes, and pro-
ducts in which arsenic and its campounds are involved as an impurity or byproduct.
A stated intent of thig effort (in Section V and in part of Section VIII) was to
quantify the cammercial mobilization of arsenic. In a few cases, adequate data
were found to generate rather precisa estimates, In many other cases, the esti~
mates were made to the best of our judgement despite a lack of comsistent or



verified data; the eniry "no available data" purposefully was never uged, Our
intent in going on record with estimates was frankly to Invite controversy,
hopefully to solicit constructive critisiam of these estimates which should even—
tually lead to a set of data with a mch-improved confidence level, Section V
includes, for each commercial occurrence of arsenic, the quantified fate of this
argenic through our economy and especially into cur envirorment. Section VIII
traats the potential for the commercial ocourrencss of arsenic becoming sources
for camercial arsenic.

The third major subject of this resource amalysis of arsenic is the in-
tentional comercial flow of arsenic and its campounds (as opposed to the unin-
tentional flow of Section V). This subject, in Section IV and in Section VIII,
is usually based, for other commodities, upon comprehensive historical data
gathered and published by the Bureau of Mines and by the Bureau of the Census.
In the case of arseni:, however, such data has not been published for the past
16 ymars, in order to protect the interests of ASARCO, the sole U.S. producer
of vhite arsenic. Herce, quantifying the Inbtentitnsl oamercial flow of arsenic
was an exercige in detective work and in estimation. As in the “commercial
mobilization” effort, estimates were always made; no entry was left blarnk or
given such a wide span which would have made the matrix useless for the project
cbiectives. We again invite criticism of ocur estimates. This apalysis had one
less degree of freedam, however: the independently-derived estimates of the
total white arsenic supply and demand were made to balance each other. In addi-
tion to the quantification of the cowmercial flow of arsenic and its campounds,
Sections IV and VIIT discuss the quantities raeleased to the environment at each
step of processing, transfer, and use; the substitutes available in each use
category, the price of each arsenical product relative to its arsenical ingredient
and relative to its replacements, and the price elasticity of its demand (how
its use would vary with the price of its arsenical starting material).

The fourth major subject in this report is an assessment of the first three
subjects in relation tn each other and in relation to the objectives of this pro-
ject, Section VII assesses the health hazard (both present and projected) from
arsanic and its campounds resulting from intentional and wnintentional commercial




mobilization, prodevction, conversion, conmmption, and disposal; without the
implamentation of new and spacific control measures., Section IX presents and
evaluates control altematives for reducing the health hazard, and screens out
those which are not reeded, not feasible, not effective, or too costly on an

a priori basis. Those control alternatives passing the screening process of
SactimD(a::emmlyzedinSectimeorﬂnirestﬁmtedmpmtupmﬂnemnww.

Qonstraints Upon This Study and Report

As alluded to before, this investigation proceeded without access to the
specific white arsenic production and consumption data as gathered by the Bureau
of Mines, tha Bureau of the Census, or other Government agencies.

This investigation did not have the time, funds, or mandate to generate
any new experimental Jata.

This study, and the conclusions and recormendations resulting fram this

study, was intended to assess the role of arsenic in the U.S. econany and in the
general enviromenc; i.e., the exposure of the general population to the cverall
envirenment. It was not intended to substitute for other Goverrmental activities

in mach more specific areas of interest. This study did not deal with arsenic
requlations for the work envirament, as this is the provinee of the Occupational
Safety and Health Adninistration of the Department of Lahor. This study did not
deal with arsenic reculations which are the province of the Food and Drug Adminis—
tration. ‘This study only marginally touched upon the provinee of the Office of
Pesticide Programs of the Enviromment Protection Agency, mainly because the major
ocommercial use for arsenic is in pesticides; any appearanne that this study was
for the purpose of influencing pesticide registration is purely unintentional.



SECTION IX

CONCLUSTINS

Societal Flow of Arsenic

The table on the succeeding page iz a gquantitative summary of where arsenic
is found, produced, converted, used, and inadvertently altered. Of the arsenic
in the commercial flow in the United States, this sumary table presents estimates
of the amounts dissipated in end products, of the amounts dissipated to land,
and of the amounts accessible to the enviromment via air, water, and land dis-
charges. The differentiation between the arsenic dissipated to land and the
arsenic in land discharges is that the former means a general distribution over
wide areas of the country, whereas the latter means a deposit of a waste material
in a bounded fand relatively small) area specifically set aside for wasta dis~
posal. '

This table oontains no notations as to the confidence in the various
estimates or to the consistency and extent of the data behind the various estimates,
The reader is referred to the body of this report for the generation of the esti-
mates.

The entries in this table are in terms of metric tcms per year (1974 basis)
of elemental arsenic. The actual chemical and physical forms of the quantities,
the concentrations at which arsenic and its compounds exist for each entry, and
the nature of the matrix in which these arsenical materials exist are discussed
in the body of this report,

The results of this study are grouped into four broad categories. First
are thoee dealing with the industrial sources of arsenic and the emiesions and
dissipations from thase scurces. The second group deals with the conmerical
flow of white arsenic and its derivatiwes. Third are the conclusions concerning
the dangers presented to man and to the enviromment. Last are the control alterna-
tives and their assessment in reducing these dangers.
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Industrial Sources of Arsenic

1,

2.

The quantity of arsenic recovered for commexcial sale from
copper amalting is less than 25 percent of the arsenic
estimated to be in tha copper ore oincentrates. Most of the
remaining arsenic reports in slags, sludges, waste flue dustsa,
and acid plant residues, all eventually disposed of on land.
Very little of the arsenic is discharged in wastewaters or

is retained in refined copper products. However, it is esti-
mated that 14 percent of the arsenic originally in the copper
ore concentrates is emitted to the atmosphere; this quantity
amants to 4,800 metric tons per year and is more than all
other sources of airborne arsenic emissions put togethar.

The historical basis for the large quantities of arsenic emitted
to the alr from copper =melters is related to the emissions

of sulfur cxides. The practice in past years was that sulfur
oxides capture (for sulfuric acid manufacture) was limited to
converter flue gases, which contain two~thirds of the sulfur
originally in the ore conxentrate. The sulfur in the flue gases
from the prior process steps of roasting and smelting was too
dilute for ecopomical recovery. However, the arsenic partition
is exactly opposite: two-thinds of the arsenic is wolatilized
in the roasting and amelting operations. When flue gases are
used to make sulfuric acid, cold-gas cleaning (wet scrubbing

ag well ag dry dust collection) assures arsenic removal. When
sulfur-hearing flue gases are emitted, dry dust collection
techniques such as cyclones, "balloon flues", electrostatic pre-
cipitators, and baghouses are only partially effective in cap-
turing arsenic (as explained below) .

New emission standards for sulfur oxides from copper smelters,
aimad at 90 percent overall capture of sulfur, are resulting
in process changes such that considerably more of the arsenic



7.

(and cadmiin, laad, etc.) is baing captured as well as
sulfur.

In the primary copper industry, in other non-ferrous
primary metals industries, and in coal combustion at
electric power generation stations, one-third w one-half
of the arsenic in flue gases escapes dry dust oollection
devices despite naminally-high particulate collection ef-
ficiencies for these devices. .1\.5203 does not condense
below 295°C and then only slowly (the particle nucleation
and growth processes are relatively slow). Conversely,
electrostatic precipitators and baghounses are routinely
kept above the dew point of the flue gases, aluctrostatic
precipitators are run at elevated temperatures where the
gas resistivities are more favorable, and collected flue
dusta in the non—ferroua metals industries are commonly

recycled, providing more opportunities for arsenic loss.

Airbomanissimsof&s203fmallaourcesmmtm
as mxch as the domestic commercial production of this

material.

Except for the arsenic in phosphate detergents, and some
small loss via wastewaters from copper asmelters, the water—
borne eflluents of arsenic are virtually zero. The stan-
dard trealment of wastewaters containing arsenic and other
metals is lime addition, with a flocculent such as ferric
chloride, and sedimentation. In the non-ferrous metals
industry, such treatment is recquired and justified for

the ranwval of heavy metals; the cost of this treatment

is not borne by the necessity to ramve arsenic.

Myh of the arsenic in commercial materials reports in land-
destined industrial wastes. Much of this arsenic is in a
relatively insoluble form, as camplex arsenates in slags.



9.

10.

However, a subatantial portion is subject to further
mobilization via windwdigpersion of collected flue dusts,
and via leaching and nnoff of sludges. Sulfide sludges
are particularly vulnerable to leaching,

Very little of the arsenic in non-ferrcus metal ores and
corcentrateg is retained in the refined non~ferrous metal
products. The amelting and refining processes either
vaporize the arsenic, remove it via a basic flux into a
slag, or leave it in electrolysis reaidues.

Arsenic cccurs as a minor oonstituent in a great many
commercial crude materials at concentrations which are
highly variable hut which are commonly two to four orders
of magnitude greater than the average crustal concentration
of 2 to 5 ppm. Two types of such enriched minerals are
prevalent: in sulfide ores such as cogper, lead, zinc and
othar non-ferrous metal ores; and in sedimentary depcsits
where arsenic had been originally coprecipitatad by hydrous
iron oxide. Significant quantities of arsenic are fourd in
such sedimentary materials as phosphate rock, borax, manganese
ore, and iron aore. The concentrations of arsenic in iron ore,
pig iron, and steel and cast iron products were estimated, but
ware not extensively verified., Because of the huge cammer—
cial quantities of ferrous metals, however, the quantities
of arsenic are correspondingly huge. It is estimatad that
the arsenic in iron ore is more than that in all non-ferrous
ores, ard more than the total arsenic in all other cawmercial
materials put together,

The arsenic in iron ore is retained through the blast furnece
procese as stable and non-volatile iron arsenides. Basgic
steelmaking processes ramwve the bulk of the areenic as an
arsenate. The huge quantity of steelmaking slags containing
arsenic is used camercially for many purposes.

- -



11.

12.

13.

14,

while the arsenic concentration in coal ig abcut the
average crustal concentration, the arsenic quantities
mobilized are large because of the magnitude of the coal
industry. This quantity is expected to grow dramatically.

Fhosphate rock is another growth industry where arsenic
is involved,

Searles Lake brines contain large quantities of arsenic
which conceivably could be recovered.

Three new technologies for energy production have important
arsenic irplications. Early data on coal gasification in-
dicates that two-thirds of the arsenic is volatilized. 0©il
shale may mobilize more arsenic by 1990 than is presently
mobilized by the copper and other non-ferrous metal industries.
Geothermal energy development ocould also mobilize large
quantities of arsenic.

Metallic arsenic is an alloying element for lead and copper
in sewaral important uses. Much of these arsenical non-
ferrous alloys are recovered, however, in the secondary
metals industry; the arsenic in reclaimed metals is as much
as the quantity of new arsenic used for alloying. There are
significant losses, however, in the processing of reclaimed
metals.

Comrercial Flow of White Arsenic and Ita Derivatives

1.

It is estimated that the U.S. production of white arsenic

is only 7 percent of the arsenic in all crude commercial
materials, and that the total quantity of arsenic potentially
available as a supply source should grow to be mxch larger

in the near future. Mach of the present and future arsenic
resource should be recoverable by hydromstallurgical processes.



2, The potential supply of white arsenic, in the United
States and world-wide, far exceads the currvent or
potential demand. Arsanic and ita derivatives are
conmaquently low-priced commodities.

3. The damestic production of white arsenic by the single
mamufacturer increases as both white arsenic price and
domegtic copper production increase, on a year—to-year
bagig. Both factors are of approximately equal impor—
tance in affecting the produwction level. It ia expacted,
however, that several new and important factors are
changing this relationship: the increase in copper ore
leaching, the process changes brought about by tighter
80_ regulations upon copper smelters, and (most important)
the proposed changes in OSHA standards. Alternate sources
for arsenic supply also potentially exist.

4. Arsenical products compete directly with petrochemicals
in most use categories. The large price increases in
1974 and 1975 for arsemicals were likely the result of
large price increages for petrochemicals in these markets.
The demand for arsenicals in the future is to a large ex-
tent dependent upon the price and availability of its
petrochemical campetitors.

5. The fubure for arsenical products lies to0 a great measure
upon actions to be taken by a mmber of Goverrment agancies.
The Occupational Safety and Health Administration, the U.S.
Envirormental Protaction Agency's Office of Pesticide Programs,
and State agencies have the mechanisme for banning, severely
restricting, or otherwise drastically influencing the demand
for arsenicals or for their market canpetitors. The very
threat of such Goverrment actions has inhibited commercial
activity on both the production and consumption sides.



6.

8.

10.

The 194 demard for white arsenic wes estimated to be
24,000 metric tons, broken down as follows:

Insecticides 23 percent
Herbicides (Weed Contxol) 24 percent
Desgicants and Defoliants 15 percent
Soil Sterilizers 18 percent
Wood Preservatives 6 percent
Animal Feed Additives 2 percent
Glass Additives 10 percent
Miscellaneous Uses 2 percent

While the general category of pesticides includes 86
percent of the total white arsenic desand, the above
hreakdown indicates that no one specific use dominates
the market.

Alternate (organic} insecticides are generally available,
and in fact have taken over this market in which arsenicals
were once dominant. The two remaining inmportant applications
for arsenical insecticides are for pest comtrol on apples
and for mosquito control.

Alternate crganic herbicides for weed control are generally
available., The two important markets for arsenical herbicides
are for weed control on ocotton lands and on turf.

The demand for arsenical dessicants in cottom harvesting in
the Texas-Oklahoma region is growing, and there appear to
be no totally-adeguate substitutes.

Arsemical soil sterilizers are being used less frequently.
Organic alternates exist.

Arsenical wood preservatives are increasing in demand, and
thare does not appear to be an adequate alternate in many
applicatiors.



12.

13.

Arsenical feed additives are important in the poultry
industry; the antibiotic alternates are much more
expensive.

tWhita arsenic consumption in the glase industry has
drastically decreased; itg remaining uses are minor
and specialized.

Dangers to Man and the Environment

1.

2.

3.

The greatest threat to mnwan health is the inhalation

of airborme: trioxide. The recent studies of airborne
arsenic in the workroom, conducted relevant to the pro-
posad revisions in CSHA standards, have resulted in the
consensus that arsenic trioxide is a carcinogen, with
lung and lymph cancer mortality rates for exposed workers
6 to 7 times the expected rates.

The major sources of arsenic pollution of the air outside
of the workroom are the 40 to 50 primary non-ferrcus metal
smalters, particularly copper smelters. At distances of
10 to 15 miles from smelters, levels of arsenic in the
air exceed the newly-proposed standards for the workroom.
Dusts which have settled from the aif near amelters contain
hudreds of pom of arsenic., Within the context that the
areas influenced by amelter discharges rcpresent only a
small praportion of the Mation and of its population, the
arsenic pollution of the air from smelters represents a
public health hazard apart from the workroom considerations
of OHHA.

Other than airborne emissions fram primary non-ferrous
smelters, important sources include secondary lead
smelters, the many coal-burning electrical power genera-
tion stations, the production plants using white arsenic
as a raw material, the emissions to the air from the use



4.

5.

and application of pesticides, and the incineration of
cotton trash. All of these sources put together amit
less arsenic than copper smelters, but these scurces are
much more dispersed in our population thap the smelters.
Argenic ingested via food, even in high concentrations
in same mea foods, does not present any health threat
yet identified. Although biamagnification of arsenic
occurs in tha food chain, the organic forms of arsenic
in food are excreted within four days, with no identified
hazard to hunans. Arsenical feed additives for poultry
and swine cause little if any accumlation of arsenic in
the tisswes of these animals; the Food and Drug Adminis-
tration has set standards and monitors arsenic levels,
The largsst hazard from arsenic via foods appears to be
inorganic arsenic on the surface of fruits and vegetables,
either ag insecticide residues on apples and some other
fruits, or fallout from industrial and commercial point
sources of air pollution.

Arsenic i1 water constitutes no current threat to the
wiblic health, Mmicipal water treatment plants are
effective in reducing the arsenic content of raw water.
The arsenic in fresh waters (resulting from natural or
man~made ercaion, fram geothermal natural sources, fram
point sources of pollution, and fram runoff from agricul-
tural or suburban lands) becomes either locked into highly
insoluble s80il or sediment camplexes where it is effectively
remved a8 an environmental hazsrd, or it moves to the
oceans, Very few public water supplies exceed the recom-
mended maximam arsenic standard of 10 ppb.

The inorganic pentavalent forms of arsenic are 10 to 60
times lesg toxic than the incrganic trivalent forms.
Moreover, organic compounds of arsenic are 10 to 100 times
less toxic than inorganic campounds.



9.

10.

The use of arsenical pesticides and animal feed additives
results in large quantities disgipated to land. Thesa
quantities are augmented by the arsenic in phosphate ferti-
lizers, the fallout fram sources of arsenic air pollution,
and the large quantities of steelmaking slag that are umed
for various base and £ill applications (although the ar—
senic in slag is likely fixed and insoluble as ferric
arsenate) .

Of the mobile arsenic dissipated to the land, chemical and
bactarial actions serve to oxidize the arsenic over a period
of time to the pentavalent state. Much of the pentavalent
arsenic becomes bound as insoluble arsenates to iron oxide
and alumiram oxide sites in clays. Some, as in the case of
defoliated and dessicated cotbon, is removed from the land
via crop harvesting, Same is washed from the soil into sur-
face waters, and acme is leached and transported deeper into
the seil. There is evidence that same organic arsenic is
microbially changed to methylarsines, which volatilize from
theland(andaresubaequmtlyouddizedmmzosl. As a
cxmlative result of these mechaniams, there is data to
show the reduction with time of both total arsenic and avail-
able {soluble) arsenic in the soil after application of an
arsenical. &

Cacodylic acid is more reasilstant to oxidation than the
sodium salts of methanearsonic acid (MSMA and DSMA) . How-
ever, the micrcbially-aided axidation of cacodylic acid is
enhanced in "adapted" soils. All of these organic arsenicals
are less boxic than inorganic arsenicals.

Campetition of phosphorus with arsenic for available gites
in soil rerders arsenic relatively more soluble. Arsenic

uptake by plants, and arsenic transport deeper into soil,
is enhanced by phosphate fertilizers.



11, Since the largest uses of arsenicais are for non-food
crops (cotton), for tarf, and for other non-food applica-
tions, plant uptake is not a threat to human health. The
use of arsenical insecticides on apples and other fruits
has not resulted in arsenic levels which present 2 hazard.
The tolerance of humans to organic arsenicals in foods,
in combination with the above factors, negates the potential
for a health hazard by arsenic in the food chain.

Control Altermatives Suitable for Reducing Dangers

Based upon the analyses in Sections IIT through VIII of this report, alts:
natives for controlling the emissicns of arsenic and for reducing the hazards
to health were formulated and are presentad in Section IX. Also included in
Section IX is an evaluation of these altarnatives; several were screened out
and rejected because they were not needed, not feasible, not effective, or too
costly on an a pricri basis. The control alternatives passing this screening
process were then evaluated from a ocet standpoint.

A summary of the ocontrol altermatives passing the screening process,
each with a concise statement of feasibility, effectiveness, and coast, is in-

cluded at the end of Section IIX,



SIMIARY OF CONTROL ALTERNATIVES

Control Alternatives

ibility

Requurivyg effective {99+ %) remmal
of As 0. from flue gases emitied o
the atmosphere from copper wmelters,
otlsr non-ferrous metal smeltars,
cotbon trash incirerators, glass
plants, and other industrial soumrces

with As G, in high-temperacure process

'!‘@chm]ogy o removal usirg

E
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Teasibility

Effectivessss

Cost

Ietrochemical altermatives are
generally available, but ralative
hazard on cotton and turf may be
equal or greatar,

Would prevent the Jissipatiorn of
5,800 kkg/yT of 25,0, equivalent;
ﬂlemrncna:mnedumg

spryaing and the partiem emittad
via incineration of cotton wastes

are hazardeas,

Estimabed costs would be
55.2 million first year,
$4.3 million/year next 4
years, $2.% m'llinn/pasr
tereafter (3890, $740,
and 5500 per kkg of 2a,0
diverted) .

Ban on the use of arsenical soil
sterilizers (sodium arsenita).

Patrochemical altermat®ves avail~
akla, but use of arsenicals i
hichly salective, Relative
hazards may be eual or greater.

Would prevent the disgipation of
4,200 kkg/yr of As,0, equivalent;
to be hazardons,

-~

ﬂ'lzmafter {$600 and $560
par ¥kg of As 0, divartsd)

Ban on the use of arsenical wood
egervetives (OCA & FCAP) .

There do not appear to be ade—
quata altemmatives for many
appilications.

Would prevent rhe dissipation of
1,550 kkg/vr of As O, equivalent;
this quantity has fof been shoun
to be hazardops.

$2.4 million first wear,
$1.9 million/vear next 4
years, $1.1 milli
thereafter ($1,570, $1,259,
and $680 per kkg of ks O,
diverted}.

Ban cn the use of arsenical fead
aXdirives (Foxarsone & arsandlic
aciad).

Antibiotic altemmatives exist
bt are mach more aqpensive,

wWould prevent the disgipation of
550 kkg/yr of 35 0. equivalent;
this quantity h=$ not been shown
to be hazardcus.

Estimated costs would be
$1.2 millicy Firet year,
30.9 milicnfvear next 4
years, $0.4 million/year
thereafter ($2,250, $L,71C.
and $750 per kkg of As,0,
diverted).
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fontrol Altermatives

Peasihil ity

Effectiveness

Banmﬂnlseofhszo as an
additive for glass (éxdept for
highly specialized infrared ax
scientific glasses).

oxidizing and fiming.

Would prevent the dissipation

of 2,400 dg/yr of As,0,; only
ﬂlep:rumuittﬂitn air
{280 kkg/yr) during glass marn-
faroure is hazardous.

Totzl kan on the use of white
arsenic and its derivatives

(except for highly specialized
and swall-volue uges) .,

See feasibility of individuoal
use hans.,

Seeeffecumofmdivzdual_
use bane. Vould prevent the
dissipaticn of 24,000 kkg/yr of
.BSO.

year
tlnraafber {5832, S6e5,
$550 per Xkg of ks O,
diverted).

Pequiring effective (99+ §) vemoval
of 25,0, from flue gases ewitted
tntheat:mqherefmmal-h.n:m.ug
alectric power generating stations

and other staticnary souroes,

Technology is similar as that
for indstrrial sources of

26,0, emisgions, bt the con-

:arh:at.:m cf 5320, in ooml-

burmning flue gases iz mch
1oy

bome ewissions of 650 kio/year
of arsenic, or 860 kkg/year of

25,0,. Other hazanious conetit-
etk would alsn b antrollad.

Extimated costs axe $335
million/year. If otal is

appm'l_-.iandm)g
conatituents, the cost Ior
argsenic is estimated at
$39,000 per kkg of £s,0,
oontrolled. J




SECTIN III
OOOURRENCE AND CHEMISTRY OF ARSENIC

Natural Occurrence of Arsenic

The adjective most often used to describe the cocurrence of arsenic is
wiquitous. The average crustal abundance is about 5 ppm (5 mg/kg, 0.0005
permt):(l'z'3) it iz one of the less abundant elemsnts {14th in abundance among
trace elaments}, about on the same order of awerage crustal sbundance ag tin,
Virgin soils usually oontain only a few ppm of arsenic, @ but scils having
natural concentrations as high as 500 ppm have been report:ad.m Ferguson and
Gavis(® 1ist concentrations of arsenic for the follawing rocks:

igneous rock 1.8 to 2.0 pom
shale 6.6 to 10,0
sediments 10,0

(doep sea)
sandstone and 1.5

limestone

e greatest moncentrations of arsenic occur with ores of copper, lead,
ccbalt, nickel, iron, and silver, either alone or with sulfur. ) Iead, copper,
ard gold ores oontain amounts of arsenic measuved from trace amounts wp to 5
percent. (,2)

Three of the 15 copper amelters in the U.S. prooess ores having high
arsenic content. The ASARCO smelter in Tacama, Washington, processes ore
containing 5.2 percent arsenic (52,000 prm); the ASARCO plant at EL Paso pro-
cagges ore having an arsenic content of 0.96 percent, and the Anaconda snelter
at Anaconda, Montana, processes ore containing 0.8 percent arsenic. The re-

copper smelters all process ore containing less than 0.2 percent
arsmic.(lg)

The arsenic content of zinc, lead, and copper ores is discussed in the
section dealing with primary nonferrous metals. 'The arsenic content of zinc and
lead concentrates from five foreign soumrces (data for Amarican Ores is not avail-
abla) averages 565 ppm for zinc concentrates 50% Zn content) and 944 ppm for

=21~



lead concentrates (66% Pb content). The arsenic content of oopper conoen-
trates have been measured at up to 16,000 prm (Butte, Montana) . 20  Unpro-
cessed copper ore from Butte, Montana, has been measured to contain as much as
1000 pem and 3700 ppm arsenic. ?2922) g arsenic is signiflcantly concen-
trated above its average crustal abundance of 5 ppm in the ores of zinc, lead,
and especially copper.

Gold ores in Sweden contain 7 to 11 percent, ! and copper are from the
now-depleted Boliden deposit in Sweden contained an average of* 10,8-percent
a:senic-vnrsusmlyZpercamtcxmer.(s) According to Swain, "not all sulfide
ores contain arsenic, but wherever arsenic has bean a sourcs of trouble {e.q.,
pollution from smelting), sulfur has been presant to aggravate it," %he Boliden
ore body ocontained about 30 percant sulfur. 6

Over 150 arsenic-bearing minerals have bean identified, of which the most
ocamon are the megmatic sulfides such as arsenopyrite (also called mispickel,
FeAsz-Fesz), loellingite (Fa2+w.}m4—x}’ enargite (3CIJS'A5235]; realgar (AsS), and
orpiment G\ssz). Magmatic sulfide ares contain an average of 2000 ppm of
a.rsanic.(s) Veins of native arsenic hawe also been found in a number of
localities. {1+

In sea water, according to Schnaider, the "nomal"™ concentration of
arsenic is 0,003 mg/1, or 3 prb. ‘¥ Lansche places the concentration at 20 pgb
and says that the arsenic exceads the oconcentration of iron in ae.nwater.(3)
Sullivan cites 10 to 100 ppb as the arsenic concentration in seavater. (2) Ferguscn
and Gavis estimate the average concentration to be 2 pgb, "though measured valuee
range from 0.15 to 6 pok".

Arsenic Content of Oceans

Concentration (ppb)
English Channel 2 -4
Pacific Coastal Water 3-6
Northwest Pacific 0.15 - 2.5 {awvg. 1.2}
Indian Ocean 1.3 - 2,2 (awg, 1.6)

Southwest Indian Ocean 1.4 - 5.0 (avg. 3.0)



Probably the aingle greatest source of arsenic in the earth's crust and
in sediments and sedimentary rocks is the conbined contributions of hot springs
and volcanic activity, Aocordingtoneay,(zz)MtspringsmtheWairahei (New
Zealand) geothermal field "ave likely to be an important scurce of arsenic”,
because they are an important source of magmatic chlorine ~ which occurs in a
fairly oonstant ratio with arsenic throughout the Pacific region. Reay calculated
the natural cutput of arsenic in the Wairakel area to be on the order of 22 kkg/yr.
Also, he noted that the bores for a geothermal power plant at Wairakei produced
190 kkqg of arsenic in 1964, and "this can be expected to remain more or less
constant”,

Marine organisms tend to concentrate arsenic in thelr tissues. In sea
water containing 0.05 to 5 ppb of arsenic, marine plants have been reported to
contain betwaen 1 axd 12 ppm of arsenic (dry waight), while marine animals con-
tain concentrations of 0.1 to 50 ppm. Arsenic in shrimp and ldbsters, probably
as trimethylavsine, has been measured as high as 200 ppr - a 100,000-fold increase
omrﬂmawragesaawaterommtraﬂmofng.(s’

Arsenic cconxrance is "very common in the freshwater of the western United
States”; and in one part of the world, New Zealand, the naturally occurring arsenic
in freshwater is reportedly sufficient to be lethal to animals (44 mg/animal kg). 4
Farguson ardl Gavig report freshwaber aysenic concentrations for various rivers
and lakes throughout the world as follows:

Arsenic Content of Fresh Waters (5)

Concentration

(ppb)
Lakes in Greece 1.1 - 54.5
Lakes in Japan 0.16 - 1.9
Lakes in Wisconsin 2 - 56
Rivers and lakues in U.S. 10 - 1100
Rivers in Sweden 0.2 - 0.4
Rivers in Japan 0.25 - 7.7 (weighted avg. 1.7)
Elbe River, Germany 20 -~ 25

Colubia River, U.S. avg. 1.6
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The United States Public Health Service has established a recawnendad
maximam concentration of 10 ppb and a maximmm permissible concentration of 50 pgb
for arsenic in public drinking water; both of these Limits are well below the
lowest. reported ooncentration which resulted in chronic poisoning - 210 pb.
Surveys of drinking water sources and supplies have been carried cut owver the
years in the United States. In 1943, 37 drinking water supplies were tested for
arsenic; the maximmm concentration found was 8 pgb, and in 30 samples arsenic
was undetected (<2 ppb). In 1969, a survey of 969 water supplies found that 0.5
percent of them exceedad the 10 ppb Public Health Sexrvice recommended limit and
0.2 parcent of them exceeded the 50 ppb upper limit. In two gtudies of fresh sur-
face waters in the Uhited States in 1970 and 1971, arsenic was found in about 7
peroent of 1500 samples fram 150 rivers in one study, and in 21 percent of 727
samples from rivers and lakes in the other study. Although the limit of detection
in these gtudies was at the P.H.S. recommended limit for drinking watar, 10 ppb,
most of the samples which had detectable arsenic were in the 10 to 20 pb range.
Acoording to Perguson and Gavis, there have been many cbservations of high com
centrations of arsenic in lekes and impowndments in the United States, and they
feel it is probable that arsenic concentrations in natural waters often approach
ar excead values thought to be safe for drinkjngwater.(S) A large portion of
arsenic in surface watoers of the United States is prabably fram other than natural
sowroes; e.9., fram arsenic in detergents, pesticidal runoff, and leachings fram
excavations and mining operations.

Arsenic also ocours, along with other trace materials, in coal and petro-
leum as well as in mine tailings and in products made fram phogphate rock, such
as fertilizers and detargents vhich are possible primary pathways of arsenic into
the Nation's fresh water supplies. 7.8 Sullivan lists the arsenic content of ¢oval
bumad in the U.S. at 0.08 to 16 ppn. () e National Inventory of Sowrces and
Emissions: Arsenic ~ 1968 gives a range of 1.18 to 9.95 pom for domestic ooal,
with an average of 5.44 prm, ! on the order of the average crustal sbundance.

According to Anderson'1%?, domestically-produced crude oil contains 0.007
to 0.61 ppm of arsenic, with an average concentration of 0.15 ppmy foreign crude
oontaing from 0.01 to 0.34 ppm with an average of 0.13 ppm; and residual oils (i.e.,
crude oils for electric power generators and for the heating of buildings) con-
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tains 0.1 to 0.2 ppm arsenic with average of 0.14 ppm. The National Inventory
of Sources and Emissions notes a group of 110 tests of domestic crude oil; in

97 of the tests arsenic was undstactsble, but in 13 tests it ranged from 0.008
to 2.4 pgb, for an average concentration for all 110 samples of 0.042 pam, %

Ofl from shale has been analyzed as containing 82 pgm of arsenic. 1V

The arsenic concentration in phosphate rock mined in the United States
varies from values clcse to the average crustal abundance (sbout 5 ppn) up to
20 times this valug. The arsenic contant for commercial phosphate rocks has
been cited by various researchers:

Florida Florida Tennesgses Western
Reference Land Pebble Hard Rock Brown Rock Rock
(ppm arsenic)

(12) 3.5 - 22 1.5 -11 5 ~ 56 4.5 - 105

Saud\elliu” reports the arsenic oontent of "a representative analysis
of 20-parcent granulated superphoephate manufactured fram Florida pebble rock
phosphate® as 14 ppm. The Department of Agriculture !> reports the arsenic
content for 10 samples of industrial phosphoric acids as varying batween 1.5 ppm
and 1200 ppm, with the majority being in the area of 25 ppm, indicating that
phosphate processing does not tend to remove the arsenic carried in the ore,

Since arsenate is chemically similar to phosphate, it is not unreasonsble
to think that arsenats might substitute for phosphate or at least to be fairly
ooncentrated in phosphate minerals, However, in Florida phosphate pebbles,
arsenic oontent is inversely proporticmal to phosphate contemt and directly
proportional to the iron oontent, indicating that the affinity of arsenic for
iron is the predominating concentrating factor for arsenic in phosphate,

Darestic reserves of arsenic are estimated at 1.7 to 2.3 million kkg,
approximately 40 percont of the known world reserves. (16,17,18) These values for
domestic reserves are principally a function of copper reserves. Since arsenic
is generally associated with magmatic deposits of complex base-metal ores, the
reserves are probably significantly greater than the amoumt available as a by-
product of copper production. (17,18)
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Chemigtry of Arsenic

Of tha toxic elemants, arsenic is prcbably the most well known. Pure
elamental arsenic, however, is not very toxic, which is likely the result of its
being virtually inscluble in water or in the body fluids., In fact, elemental
arsenic is not readily attacked by water, alkaline solutions, or nonm-oxidizing
acids; hydrochloric acid will attack it only in the presence of an axidizer. V)

Elarental arsenic is commonly referred to as a metal., Chemically, it is
a normmetal or metalloid being clagsified in Grouwp 5a of the periodic table, along
with nitrogen, phosphorus, antimony, and bismuith.

Properties of Arsanicm

Atamic nunber 33
Atomic weight 74.9216
Melting point

at 1 atmos., sublimes at 613°C

at 28 atms., melts at 817°C
Density at 20°C 5.72 g/an’
latent heat of fusion 88.5 cal/g
Latent heat of sublimation 102 cal/g
Specific heat at 20°C 0.082 cal/(g) (°C)
Lattice constants at 26°C a=2.760n

b = 10.548a

Hardneas (Mohs® scale) 3.5

There is only one steble arsenic isotope; therefore, the natural abundanoe
of As is 100 percent. The elacton configuration is such that the Five elec-
trons in the outer shell give rise to the three principal oxidation stabes which
are -3, +3, and 45, 1

Elementary arsenic ocours in three allotropic modifications, They are
the yallow, the black, and the metallic or gray forms, the latter being the most
stable at room teamperature. The electrical conductivity of the metallic fomm at
0°C is 2,56 x 104 nhoe/am, about half that of lead. The other allotropic modifi-
cations are listed as nonconductors. (23)
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The yollow form of elemantal arsunic can be produced by paseing arsenic
vapor into cold carbon disulfide and cooling the solution to -70°C. 'this yollow
form ig an extremely volatile solid, subliming even fram the heat of the hand.
Tts density is 3.9 o/om’, and its molecular weight corresponds to that of tetra-
hednlu4m1aculas. It is metastable and transforms into the metallic form
even at low temperature; in sunlight, at roam temperature, it changes virtually
ingtantaneocusly, (24,25)

Tha black mdification of elemental arsenic is not as well characterized
as the other forms. It is cbtained by the therml dscompoamition of arsine, AsH,.
The density of black arsenic is 4.7 g/am. Its molecular configuratian is not
definitely known, but it is probably tetrahadral. (24

Metallic arsenic forms hexagonal-rhonbic crystals and cubic crystals. It
is atable in dry air, but exposure to humid air causes the surface to tarnish,
first o a bronze color then to black. () The density of the metallic form is
the highest for the three allotropic modificatimns: 5.72 g/an-. Mstallic arsenic
is the comon commercially-available form, being the product of the reduction of
arsenic trioxids with ocoke according to

As406 + Ciﬂm‘I + 600
It can also be sublimed from arsencpyrite according to

4{FehssS " 4FaS + 354

vhen heated in aly elemental arsenic sublimes ard oxidizas to arsenic
trioxide. A garlic-like odor is produoed during the oxidation process. ) at
shout 200°C it becomes phosphovescent. At about 400°C it burns with a bluish
flame and produces vhite smoke which is, of couwrsa, arsanic tricxide.1+2¥ 1n
the vapor state @ to 900°C, elmmlamaicmiatsofhs4mlecules having
a tetrahedral structura. Above 800°C, it begins to decompose to 2s,, and at
still higher temperatures, it becomes monatomic, 24

Though the commen oxidation states are +3, 45, and -3, other oxidation
gtates are imown. Examples are the polyarsenides Nais;, MaAsg, and NaqAs., and



a series of naturally occurring copper minerals ranging in composition fran
Cu3M t;o QJgAs (26) Canpounds or solutions oontaining the simple ions As 3-

andAs domte:clsthacauseofthelughenergynequimmtsforaa;uj::ng
three electrons or for ionization of five electrons. (26)

In most compourds, arsenic exhibits a coordination nunber of 4, based on
tetrahedrally hybridized arbitals. Even the molecules AsH3 arﬂAaClB, where the
arsenic coordination nutber is 3, are assumed to be tetrahedral with a lone pair
of electrons in one of the hybrid orbitals. (29726)

Similarity to Phosphorus ,

As a member of fGroup 5a of the periodic table, the physiochemical pro-
perties of arsenic are closely related to those of phosphorus. Arsenates strongly
regenble the corresponding phosphates in solubility and crystal form, many phoe-
phate-arsenate pairs being isaworphous. Arsenic also foums trihalides analogous
to those of phosphorus, and the arsenate ion reacts with ammonium molybdate in
nitric acid solution as does the phosphate ion. Gemerally, arsenates axe mach
more labile than corresponding phosphates, a fact important in the chemical and
biclogic reactions within which both elements may participate. 27}

Determination of Arsenic

The three most frequently used methods for the determination of arsenic

1. Gravermetric determination as either As(+3} or As(+5} sulfide
which has been precipitated from an acidic solution by H.8,
2. Precipitation of silver arsenate with subsequent determination
of silver by Volhard's method.
3. Iodometric titration of Ag(+3) in the presence of sodium bicarbonate.

To detect small quantities of arsenic, the Marsh test is used. The
arsenic-ocontaining matarial is mixed with granulated zinc, and dilute sulfuric
acid is added. The zinc reacts with the acid to release hydrogen which reduces
thearsenictogaseousarsine,nslis. The arsine is then decomposed in a hot
glass tube giving a mirror of elemental arsenic. Arsine can also be detected in
a gas mixture by its reducing action on silver nitrate or mercury (+2) chloride.

-2 B



This is called the Gutzeit test, and the amount of silver nitrate or mercury
chloride reduced corresponds to the amount of arsenic present in the substance
being measured. 24} iccuracies of these methods are 5 to 10 percent, and
limits of detection are on the order of 0.080 ug‘.u)

Highly accurate procedures (having limits of detection on the order of
0.001 pg) based on the determination of arsenic as arsine :n an electric dis-
charge have bean developed. These proosdures permit the determination in
acqueous solution of arsenite ion and arsenate ion, as well as of the organic
species methylarsonic acid and dimethylarsinic acid (both of which are discussed
more fully below). (28)

Other highly accurate and precise procedures for measuring trace amounts,
though sometimes they are time consuming, include neutron activation analysis
(having a2 limit of detection near 0.001 ug), emission spectyvoscopy, and polaro-
graphic technicgques. (5,28)

Inorganic Compounds

The most important commercial arsenic compound is arsenic trioxide, also
known as arsenous oxide, "white arsenic”, and (ad a misnomer) arsenic, It occurs
as an octahedral cxystal of A5406 wolecules. The dissociation to hs,0. can be
detected at temperatures of about 800°C. At a tamperature of 1800°C, the mole-
cular weight is that of 2s,0,. %5 Ganerally, however, the formila, s,0,, is

the ocne comonly applied, regardless of temperature,

Arsenic trioxide is a white solid (the commercial form is a white powder)
having a melting point of 275°C, though it begins to sublime at 135°C. It is
amchoteric and therefare soluble in both acids and bases, and is soluble in water
to the extent of 2 g/100ml water at 25°C and 11.5 g/100ml at 100°C. Molecular

weight is 197.82 (76 percent As), and specific gravity is variable, 3.74 to
(29)
4.15.

203

When arsenic trioxide is dissolved in water it forms arsenous acid, the
exact nature of which is not known; representative chemical formulas which have
beenusedincll.\del-l3aso3, Haso3, arﬂhs203 {(agq). It is a wesk acid having a dis-



sociation oonstant ot 8 x 10710 at 25°C, HAs0, is algo thought to exist as the

hydroxide As (OH) ; which may explain the ability of .rsenic tricxtide to neutralize
both acids and bases:

As(OH) , (a) + H + As(OH); + B0

Bs(0H) , (s) + OH - HZAsog + B0

That only one dissaciation constant is given for arsencus acid supports the
hypothesis that three hydroxyl groups are attached to the arsenic atom in the
free acid. (%6)  he salts of arsenous acid are known as arsenites (Aa(+3) salts). 3%

The other commercially important oxide of arsenic is arsenic pentoxide,
(also referred to as arsenic oxide). Itisawhitealmrphollmpmderhavinga
molecular weight of 229.82 and a specific gravity of 4.086. %) TIts chemical
structure is not kncwn, though it is probably dimeric, As 0.5 The empirical
formula generally used is AsO.. The copound begins to decampose into a vapor
as A3203 ad 02 at a empaerature of asbout 300°C. It is very soluble in water,
though it dissolves slowly. Solubility is on the order of 2300 g/liter of water
at 20°C.(30’

In water, arsenic pentoxide forms arsenic acid (orthoarsenic acid),
HAs0,, a triprotic az_:‘ild having three iisssociatim mtar_ng (a8 does phosphoric
acid). Kl=2.5x10 ,K2=~5.6x10 ,a.ndl(3=3xlo . The salts of
arsenic acid are known as arsenates (As(+5) salts); they are good oxidizing
agents.(m)

Arsenic pentoxide is commercially prepared by the dehydration of crystal-
line arsenic acid which is itself prepared by crystallization of a solution of
arsenic trioxide and concentrated nitric acid. The dahydration of the crystalline
arsenic acid takes place at about 200°C according to

2H3A304*1F*3H20 + Aszos
Arsenic pentoxide cannot be prepared by the reaction of its constituent elements
or by the reaction of arsenic trioxide with oxygen., (26,30)
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The arsenates can be reduced by concantrated hydrochloric acid or sulfur
dioxide. Treatment of a solution of orthoarsenate with silver nitrate in neutral
solution results in formation of a dark-brown precipitate of silver orthoarsenate,
a method of distingquishing between arsenates and sinsphates.{em

The most commmon arsenic hydride is arsine, AsH3, also known as hydrogen
arsenide and avsenic trihydride. It is a colorless gas, but it has a character-
istic garlic odor. Vapor density is 2.7 times that of air, (An atmospheric con-
cernttration of 1 mg of arsine per cubic meter of air corresponds to 0.313 ppm at
25°C and standard pressure). The melting point of arsine ig -116,3°C ard the
boiling point is -62.4°C. Its solubility in water is 200 ml/liter at room
temperature, Of all arsenic compounds, simple iﬂssH3 and its mathyl derivitives
are the most toxic. (26,30)

Arsine is the product of the reaction between atomic hydrogen ard arsenic;
however, the reaction cannot be carried out by the direct wnion of arsenic and
hydrogen because arsine is not stable and will decompose well below 300°C. Arsine
is formad vhenever any inorganic arsenic-comtaining material is reacted with zinc
and strong acids. Pure arsine can be condensed at low temperatures fram a dried
gas stream produced by a reaction of arsenic pentoxide with hydrochloric acid
mZm.(zs,BO)

Expogure to ardine gas may result from the action of acids on metals con-
taining arsenic, from the use of impure sulfuric acid made from pyrites containirg
arsenic, or from the use of hydrochleric acid made from impure sulfuric acid that
contains arsenic. Arsine poisoning has resulted from slushing out steel tanks that
had previously contained a commercial qrade of sulfuric acid, the diluted acid
acting upon the metal tank to generate hydrogen, which cambines with arsenic
impurities in the acida, Arsine may arise from the pickling of any metal con-
taining arsenic; it has been formed fram the action of water on metallic arsenides
or hot dross containing arsenic and alumimm, Arsine may occur as an impurity in
acatylene and may present a hazard either in its manufacture or use. It may
oocur in soldering, etching, lead plating, electxrolysis of arsenious solutions,
by the action of moisture on ferrosilicon, or from the use of impure or inhibited
acida for scale removal. According to Patty, the faint garlic-like odor of
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arsine cannot be coneidared a suitable warning property. ‘The 1961 ACGIH thresh-
hold for arsine is 0.05 ppm. (29)

Arasine is a good reducing agent, capable of reducing many substances.
It is not oxidized by air at room temperatures but may be ignited with the
formation of either arsenic trioxide or arsenic pantoxide, depending upon the
supply of air. Arsine reduces dilute silver nitrate solution with the forma-
tion of metallic silver; with concentrated silver nitrate solution, a complex,
Ag hs+ 3AGND,, is formed which yislde metallic silver when diluted with water.
Meroury (+2) dhloride is reduced stepwise farming initially the yellow compound,
AsH(HgCl)z, then the ):n:t:mi.iﬂ(l-lgCl)3 and, finally, black Aszﬂ;y Chlorine re-
acts with arsine to produce hydrogen mlorideandamenic. However, at low
temperatures, the action of chlarine upon arsine produces chloroavsines, AsH Ll
and ASKCL,, both of which are relatively wistsble yellos solids, (26)

Two othex arsenic hydrides have been reported, but their exact chamical
natures have not yet heen determined. Reduction of trivalent arsenic ocompounds
by tin (+2) chloride in hydrochloric acid yields a brawn amorphous powder
corresporxling to the mmposition Aszﬂztor AgH). This material is soluble in
nitric acid but not in water, alkalies, or other acids. It redwes silver nitrate
and the salts of other heavy metals, Treatment with boiling water causes evolu-
tion of hydrogen and the formation of arsenic cwide. It is thermally unatable
and decomposes when heated in a vacuum to form metallic arsenic and some armine.
The other Solid arsenic hydride is reported to have the formila As H, and is
formed by oxidation of arsine with tin (IV) chloride. (28)

The mono-, di-, and trimethylated forme of arsine are discussed below
in the Organic Compounds portion of this section.

The three arsenic sulfides are arsenic (+3) sulfide (arsenous sulfide,
arsenic sesquisulfide, arsenic red), arsenic sulfide (arsenic monosulfide, arsenic
disulfide), and arsenic (+5) sulfide (arsenic pentasulfide), 30}

Arsenic (+3) sulfide (As4 6’ 53} has a melting point of 320°C and a
boiling point of 707°C. Like many arsanic campounds, sublimation takes place
before melting. It is insoluble in acid and almost insoluble in water (0.52 my/




liter at 18°C), but it dissolves readily in many basic solutions. It will burn
in aly, forming arsenic tricxide and sulfur diodde, 30

Arsenic sulfide (As 454/88,5,,485) occurs naturally as realgar. It has
a melting point of 37°C and a boiling point of 565°C. Arsenic sulfide is
listed as insoluble in water and in hot concentrated hydrochloric acid, though
it is soluble in warm alkali hydroxide and sulfide solutions. The compound can
be oxidized by nitric acid and will react vigarowsly with cilorine, (26

Argenic (+5) Fulfide {33235) is a stable campound at room temperature,
but at temperatures above 95°C it dissociates into arsenic (+3) sulfide and
sulfur. It is soluble in water to the extent of 3 my/liter, end in boiling water
it is hydrolyzed yielding sulfur and arsencus acid. It is soluble in basic
solutions and in nitric acid. It can be precipitated at low temperatures from
strany acldic solutions which ocontain arsenates by bubbling hydrogen sul fide
through the solution at a rapid rate. (25

Arsenic formas a complete series of trihalides, but arsenic (+5) fluoride
is the only simple pentahalide known., Whitacre and Pearse cite the reference of
Hodgman, et al, to the possible existence of arsenic pentachlaride and pentaiodide,
though such existence is believed unlikely. 3%

Unlike phosphorus and antimony, arsenic forms no well-characterized axy-
halides, but arsenyi chloride, AsOC), and arsenyl bromide, AsOBr, are considered
likely to be present in the brownish material formed by treatment of arsenic
trioxide with the corresponding trivalent arsenic halide., All of the arsenic
halides are covalent compounds that hydrolyze in the presence of water. The
trihalides form pyramidal molecules similar to trivalent phosphorus analogs and
may be prepared by dirsct cambination of the elements. (26)

Arsenic fluoride (ASF3) and arsenic chloride {AsCl3) are both colorless
liquids at 25°C, whereas arsenic bromide (AsBr,) is a yellow solid and arsenic
iodide (Asla) is a red solid. Arsenic (+5) fluoride (ABF?) is a oolorless gas
at 25°C, thouwsh it can be condensed to a yellow l.ti.tz;uid.(5 Arsenic halides are
soluble in non-polar solvents such a8 benzene and carbon disulfide. (25
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Arsenic forme compounds with moet metals, a nurber of which are naturally
acourring, such as safflarite (Cods,), nicoolite (NiAs), rawelsbergite (NiAs,) ,
loellingite (Fehsz) , and sperrylite (Pta.sz). In addition, minerals containing
arsenic, sulfur, and one or more metals such as arsenopyrite (FeAsS), cobaltite
(CohsS), glancodot ((Co, Fe)AsS), and garsdorffite (NiAsS) are well known. Many
of the metallic arsenides may be prepared by the direct combination of the
elaments, These campounds frequently resemble alloys and may congist of giant
molecular lattices. The apparent oxidation nurber of arsenic in many of these
campounds 18 frequently unusual. (26)

Arsenic generally behaves as an anion in the form of arsenites and
arsenates, There are no -arsenic carbonates, bicarbonatea, or phosphates, The
only major inorganic ocampounds in which arsenic acts as a cation are the halides
and sulfides, There is an arsenic monophosphide (AsP) which dissociates in water,
and arsenic (+3}sulfaha¢hszso4)3} vhich is formed by the reaction of arsenic
trioxide and 50, at a ‘emperature of 100°C. Arsenic (+2) sulfate is soluble in
watar, (30)

Organic Compounds

The largest class of arsenical compounds are the organic compounds. They
are seldmm fourd in nature — most have been synthesized, largely in an effort to
find compounds having therapeutic value. Of the large mmber of organic arsenicals
the two moat common are the arsonic acids and the arsinic acids. Their structural
formulas being: :

E—O

b o
g—§ —°
2
b
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Arsonic Acid Arsinic Acid



The R and the R' refer to a variety of organic groups, and although there
are meny derivatives of these two acids, only cacodylic acid (dimethylarsinic acid)
and metharearsonic acid (also referred to as methylarsonic acid) amd its salts
are widely used, mostly as herbicides. (31

Methanearsionic acid and cacodylic acid are relatively strong acids,
capable of deconposing carbonates. Methaneargonic acid is a dibasic acid, forming
both a monsodium acid salt and a disodium salt with sodium hydroxide. Cacodylic
acid is normally mongcbasic, but in strong sodium hydroxide solution it forms the
disodium salt, (013)2,&@31-&32, of a txibasic acid. Cacodylic acid is someshat
amphoteric, foming a hydrochloride, (dia)znsozn-m:l, by direct reaction with
hydrogen chloride gas. (O

Both of these organic acids contain arsenic in the fully oxidized penta-
valent state, so only the methyl groups can be further oxidized. This requires
a strong oxidizing agent such as a nitric-sulfuric acid mixture. The end pro-
duct is orthoarsenic acid. (31!

Methanearsonic acid and its salts can be reduced with mild reducing agents
such as nascent hydrogen and sulfur dioxide to form arsenosamethane, CH3A50, a
trivalent organic arseaical. Cacodylic acid and its salts can also be reduced
to form cacodyl oxide (GiB)zhsms(ai3)2, also a trivalent ovganic arsenical,
although a much strorger reducing agent, such as phosphorous acid, is redquired.

Reduction of arsonic acide with mild reducing agents gives either the
arsonous acids, Rhs(ai)z, or their arhydrides, (RAsO)x; termed arsencsc compowdis,
With aliphatic arsoniec acids or with aromatic arsonic acids in which the ring is
unsubstituted or substituted with electron-repelling groups, the arsencso com—
pounds are the reduction products. With aromatic arsonic acids containing electron-
attracting groups, the arsonous acids are usually cbtained. The usual reducing
agant is sulfur dicxdde and hydriodic acid, Tha actual reduction is accamplished
by the hydriodic acid. and the resulting iodine is yeduced again to hydricdic
acid by the sulfur dioxide. Sulfur dioxide alcne is used in scave cases. The
reaction is usually carried out in hydrochloric acid solution in which case the
actual reduction product is the dichlorcarsine, RAsCl,. Thase, however, are
readily hydrolyzed, either by alkali or by water alone, to the arsonous acid
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or the arsonoso copound. ‘The arsonous aclds are woak acids. Both arsonous
acide and arsencss campounds dissolve in strongly alkaline solutions, but their
salts have not been isolated, ‘26’

The reduction »f arsinic acids under the same conditions used for the
reduction of arsonic acids gives either the arsinous acids, RASOH, or their
anhydrides, (RzAs)zo' These same campourdls can alsc be prepared by the reaction
of arsenic trioxide with Grignard reagents. 'The arhydride of dimethylarsinous
acid, (G-I3)2Aﬂs(m3) ¢ is cacodyl axide, which is of historical interest since
it was the first orjganic arsenical ever synthesized. (26)

Dihaloarsines, RAsX,, and monchalcarsines, R2ABX, may be prepared by a
wide variety of methods incluwding reduction of arsonic acids in hydrohalic acid
solution with sulfur dicxide and hydroiodic acid., They may also be dbtainad from
arsenic trichloride and organcmetallic compounds such as the organic mercurials
or organo—lead W.(Zﬁ)

When acetylena is passed into arsenic trichloride solution in the pre-
sence of a catalyst swh as aluminum chloride or mercury dichloride, a mixture
of three products, Cld-lrﬂmsc:lz, (ClcH=CH) ,AsC1, and (CICH=CH) ,As, is cbtained.
These are the "lewisites", after the American Chamist W.L. Iewis; the first of
the three is colorless or brown in the liquid state, and because of its powexful
vesicant qualities has been propoged as a war gas.tzs)

Diazomethane cen be reacted with arsenic trichloride to form chloro-
nethyl-dichioroarsine and bis {chloromethyl) chlorcarsine. In addition to these
haloarsines, oﬂﬂrwmmofﬂwtypeamxzmdkzm,vﬂw:exisagmm
such as cyano, thio-cyano, or cyanato, can be formed. They can be formed by
metathesis between the halorarsine and a silver or sodium salt, 2%)

The reduction of arsonic acids with stronger reducing agents gives
arseno compounds having the empirical formula RAs. Appropriate reducing agents
of these compounds include sodium hydrosulfite and hypophosphorous acid. Electro-
lytic reduction has also been wsed for the preparation of arsenc campounds. The
arseno oompounds were at one time widely used in medicine, butml:anylonger.(ze)
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gmminggimsamrﬂaryarshns,nznau. Dimethylarsine can also be prepared
from Ca(hﬂl‘lz)z and methyl chloride, Diphenylarsine can also be prepared by the
action of water on the Grignard reagent, (CGHS)ZAmgBr. Primary and secondary
arsines are readily oxidized in air and must be preserved ia an inert atmo-
sphere. (26) They are very toxic,

According to Doak,(zs) the tertiary arsines, of the form Rgha, are "more
important” than the primary or secondary arsines. Seweral mathods of preparation
are given., Trimethylarsine is a byproduct of the action of certain molds growing
on a suitable substrate of arsenical compounds, Methylarsines, especially tri-
methylarsine, have been included in various natural cycles in soil and fresh
watar. These cycles are discussed below,

Arsenic also forms a series of pentavalent chloro-compounds of the form
RABX4, R2A5X3,arﬁ1’.31\5x2. Carpotm&ofﬁietypem\sxy where R may be either
aliphatic or aramatic, are not very stable and have not been thorcughly investi-
gated. &npmrﬂsofﬁmtypeRzAaCl3a:emra stable than the tetrachlorides.
The reaction of tertiavy arsines, both aliphatic and aramatic, with halogens to
givemqmldsofﬂmtype%mz}msbeensuﬁiedmmely. When one of the
Rgm@aiam&wl,(%ﬂemﬂsmadilylmemﬂiylmmﬁdemmmingto
give chloroarsines.,

Inadditimwﬂadihalides,nﬂamdm@mﬂsofﬂaetypeWam
known, in which X and Y are two different groups., Thus, the reaction of di-
rethylphanylarsine with hydrochiloric or nitric acid in the presence of hydrogen
peroxide gives the hydroxychloride, (CH3) ZCGHSAS(OmCl, or the hydroxynitrate,
(CH,) ,CgHAS (CH)NO,, respactively. 26)

Oxidation of the tertiary arsines gives either the arsine oxides.
RAS0, or the arsine dihydroxides. Avsine sulfides of the type R,AsS have also

been prepared. (26)

The arganic chemistry of arsenic is complex and involved, and the reader
interested in further infommation is referred to excellent summery by Doak, et
al, in the Encyclopedia of Chemical Technology: an extensiw: bibliography is
included.




Various Lrivalent ovaganic praparations of arsonic have Luen usod, mostly
in the flrak half of this contury, for the treatment of syphilis, trypanosomiasis
(sleeping sickness}, spirochetal Infections, amebic dysentory, peoriasis, and
even lewkemia, Nowadays, however, arsenical campounds find little use in medicine
either becawse of the toxic hazards of the arsenicals or because more specific
medications having lesser side effects are available.

Arsenic Adsormption and Coprecipitation

Arsenic can be fairly easily separated from other elements, and can be
removed from solutions by adsorption and coprecipitation. Arsenic can be pre-
cipitated in the elemental state by reducing agents such as hypophosphite or
stannous chloride. Hypophosphite has been used to precipitate arsenic from
solutions of 1l:1 hydrochloric acid, with a recovery of about 95 percent when
copper is present to catalyze the reduction, (30)

Pentavalent arsenic, which includes arsenates, can be coprecipitated with
ferric hydrxide or magnesium ammonium phogphate. In the former case, it is
believed that the arsenstes adsorb onto the surface of the hydrous iron oxides. (30!
Ferguson and Gavis report that iron cres are enriched with arsenic because of the
high adsorptive capacity of the hydrous iron oxides. Iron oxide has a positive
surface charge and therofore adscrbs anions. 3! Since arsenic exists primarily
as anionic arsenate and arsenite species in solution, it can he adsorbed on the
positively charged iren oxide surfaces. ") Arsenates can also be adsorbed by
aluminum hydroxides and clays. (3)

Trivalent arsenic has a strong affinity for sulfur and will coprecipitate
with metal sulfides. Arsenic trisulfide, Aszs3, is insoluble in hydrochloaric
acid, and, hence, precipitation by hydrcgen sulfide fram a 25-percent solution
of HCl is used as a method of qualitative analysis for the presence of arsenic
in solution. The techrique of adsorption of arsenites onto hydroxides and clays
is, acoording to Whitacre and Pearse, a promising candidate for arsenic water
pollution abatement. (39) Adsorption and coprecipitation processges are discussed
in the sections below dealing with water and soil chemistry.
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White Arsenic Refining

The precursor material for virtually all arsenical compounds is arsenic
trioxide, or white arsenic, as it is more comonly known in the trade. 1In the
United States the only producer of vwhite arsenic is the Amarican Swelting and
Refining Company, and their arsenic refining operations are carried out at Tacama,
Washington, where ASARY has the facilities for the smelting of copper ores and
other base-metal ores containing large portions of sulfur and arsenic., The
arsenic refining portion of the plant is wnique in comparison to other mined-
mineral production facilities in that the arsenic trioxide is recovered as a
flue-dust byproduct from other smelting operations; it is this relatively wola-
tile dust which must be purified. ASAROD processes its ow flue dusts, which
contain as much as 30-percent arsenic plus other oxides of perhaps copper, lead,
zinc, and antimony. ASAROD also processes the flue dusts of other base-metal
producers both in this country and abyoad. Carepella's description of white
arsenic refining, in *he Encyclopedia of Cheamical Technology, is the one most
comonly referred to in studies of arsenic: (1)

Becauss arsenic trioxide is readily volatilized during the
smelting of copper and lead concentrates, it is conocentrated with
the flue dust. This crude flue dust is further upgraded by mixing
with a small amount of pyrite or galena concentrate and roasting.
The pyrite or galena is added to prevent arsenites rrom forming
during roasting and to cbtain a clinkered residuve which can be
returned for additional processing. The gases ard vapors are
passed through a cooling flue which congists of a series of brick
chanbers or roams called kitchens. The temperature of the gas
and vapor is comtrolled so that they enter the first kitchen at
200°C and by the time the gas and vapor reach the last kitchen
they are cooled to 100°C or less., The arsenic tricxide vapor which
condenses in these chanbars is of varying purity. The ocandensed
product is obtained by resubliming the crude trioxide. The re-
subliming operation is normally carried out in a reverberatory
furnace. 'The vapors pass first through a settling chanber and



then throuwh approximately 39 kitchens that cover a length
of about 225 feet. The tamperatire of the settling chamber
is kept at agproximately 295°C, which is abowe the condensa-
tion temperature of the trioxide. A black, arorphous masgs
containing about 95 percent Aszo3 candenses in the kitchens
naarest the furnace and is reprooessed. The bulk of the
trioxide is oondensed in the kitchens with temperature ranges
of 180-120°C. The purity of the arsenic cbtained from these
kitchens is fram 99 to 99.9 percent., The dust which exits
from the kitdwens ag a temperature of 20-100°C is caught in
the baghouse. Xt assays about 90 percent 25,04 and may be
50ld as a crixle arsenic or reproocssed.

The refined arsenic is analyzed for purity. It is also
treated for "solubility", a term referring to its rate of re-
activity with nitric acid; this test is important if the
arsenic is used in the manufacture of insecticides and herbicides.
The product is graded for marketing as white soluble (99 percent
min. Aszo3) » white insoluble, or crude (95 percent min. As,04).

The diagram below is a schematic flow diagram of the operations in the

refining of arsenic triwpida.
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Chemistry of Arsenic in Fresh Water

The chemistry of arsenic in aguatic systems is oamplex, involving oxidation-
reduction, micrebial intervention, and adsorption and coprecipitation reactions,
ammyg others, and not all of it is well understood. Ferguson and Gavis, in their
paper, A Review of the Arsenic Cycle in Natursl Waters "), have devised a diagram
showing the regions of stability of various inorganic arsemical species (e.g.,
arsenic acid in various states of dissociation) as a finction of pH and oxidation
ocondition of water, With regard to the organic arsenicals, they state that
except under very reducing conditions in water, the organic component of the
arsenicals will underco oxidation.

The equilibrium conditions of inorganic arsemic in solution are well

understood, but except for a few oxidation—reduction reactions as are used in
analytical chemistyy, very little is kwwn about the rates of arsanic reacticns

in solution, and specific rate constants are unknown. For example, the rate of
oxidation of arsenite to arsenate with 02 is reportedly very slow at neutral
pé values, but in strongly acid or alkaline solutions the »eactions proceed
measuresbly in several days unless copper salts and carbon are availsble in
the system to catalyz2 the reaction. No quantitative information is available
about the rate of such reactions in aerdbic waters, according to Ferguson and
Gavis.

Inordanic arsenic in water is commonly analyzed by means of colorimetric
methods based on colored complexes fommed with disthyldithiocarbamide or molybdate.
Other analysis methods include neutron activation, atomic absorption and emission
spectroscopy, and polarographic methads. Colorimetric and polarographic wethods
can also be used to determine oxidation states in inorganic arsenic.

A lack of guitable analytical chemical procedures has hampered studies
of arsenic in water, especially the determination of the inorganic arsenic ions
and the methylarsinic acids at very low concentrations. Most mathods used for
the detarmination of arsenic in low conocentrations measure the total elemental
concentrations, and many depend on the reduction of inorganic arsenic ioms to
arsine and subsequent colorimetric analysis. The lower limdt of detection of
the silver diesthyldithiocarbamate method is not lower than 0.2 uy, and though
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noutron activation methods have a limit of detection of near 0.001 wg they are
relatively time consuming. The methods employed by ‘raman and Foreback have enabled
them to distinguish arsenite, arsenate, methylarsoni: acid, ard dimethylarsinic
acid to lower limits of detection of near 0.001 pg. Their procedures depend upon
pH selective reducticd reactions of the various arsenic forms with sodivm boro-
hydride and a separation of the volatile arsines produced by selective volatiliz-
ation from a cold trap. 28)

Arsenic forms stable bonds with sulfur and carbon in organic compounds.
As is discussed in the “oxicology portiom of this study, it is the affinity of
trivalent arsenic (arsenits) for sulfhydryl groups, rost notably in the amino
acid cysteine in proteins, and the resultant enzyme .nactivation, which accounts

for the primary mode of arsenic toxicity. Pentavalent arsenic (arsemate) does
not react with sulfhydryl groups, but reduction of arsenate to arsenite can take

place within organisms both large and small, and, in the case of certain water-
borne fungi, according to Challenger (as reported by Braman and Fareback), such
reduction processes in natural waters could cause an increase in the ratic of
more harmful a::senitatolasshamfularsena‘ce.(za)

The methylarsines are an important group of wsenical compounds within
natural systems. Mono-, di-, and trimethylarsines, .ind even simple arsine have
reportadly been synthesized by such organiams as yea:t, fungi, and bacteria. (08¢28:37)
The proposed metabolic processes producing these ars nes are based on both inarganic
and corganic arsenical precursors, and have been statd to occur in both aerdbic
and anasercbic settings. Micrebiological proossses hwe also been identifiad as
the sourcss of other methylated arsenicals, most not bly the methylarsonic and
dimethylarsinic acids, which themselves are included in biological cycles which
include the synthesis of methylarsines. (8+28:33)

Trimethylarsine has been identified as an imwortant reserwir of arsenic
in certain organisms.® And although it is conside:ed insoluble in water,

Perguson and Gavis citz it as being sufficiently solible to be of envircnmental
interest, especially sinne it has caused human poisoning in its vapor phase in
air, It is more soluble in hydrocarbons than water, which may account for its
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accumilation in the fatty tissues of certain aquatic orgarisms. UHowever, noither
its stability with reapect to oxidation by axygen in air or in water, nor its
adsorptive behavior appear to have been studied. (5)

Braman and Foreback (2% report that a large portion of arsenic that is
fourd in human urine (up to 90 percent) is methylated. They suggest this may be
the result of a biological defense mechanism against the mich higher toxicities
of inorganic arsenates and especially arsenites which are 25 times more toxic
than dimethylarsinic ecid. The methylated types of arsenic in urine are di-
methylarsinic acid (cacodylic acid) and methylarsonic acid (which is the same
as methanearsonic acid, the sodium salts of which are the herbicides DRMA amd
MIMR) .

Methylation of arsenic by bacteria has beaen studied by Wood and by McBride
and wolfe. (8+28/33)  \ipride and Wolfe have shown that anaerdbic bacteria can
produce mono—- and dimethylarsine from a varisty of arsenic compounds, and they
have suggested a cycle in which methylocchbalamin serves as the methyl donor in
the reaction systam. (Methyl occbalamin is also cited by Pramen and Foreback as
the methyl donor for the methylated arsenic found in human urine, the reaction
presumably taking place within the body.)} Arsenata is first reduced to arsenite
which is then mathylated to methylarsonic acid which is further methylated to
form dimethylar@inic acid which in turn finally becames dimethylarsine. The
dlagram below illustrates the process of methylation. ™

?H CH ?H’
Ho-Als"-tou Lo %s"'-tOH —MHO-?%OH

0 0 0

Arssnote Arsenite Mathylorsonic acid
Hy GHs
CHy=Bo By, . 1 a3
—— R — —
- HO~AS*-CHy —*=- As=CH,
0 H

Dimethylarsinic ocid Dimethylarsine

CHy—B,;= Meihyl cob{lli}alomin
By, = Cob(lilalamin



Braman and Foreback measured the relative anounts of dimethylarsinic
acdd and methylarsemic acid in various fresh and salt water systems in Florida.
Mathylarsonic acid, though present, was generally in smaller comcentrations than
direthylarsinic acid, possibly because of the greater tendency of methylarsonic
acid to oxidize (wheveas dimethylarsinic acid is very resistant to oxidation),(2®
or possibly because, a= shown in the methylation cycle suggested by i'bod,(n’ the
oxidation product of the methylarsines is dimethylarsinic acid which finds its
way back into the water system. It appears posgible that dimethyarsinic acid
and methylarsonic acid could accumilate (from qu biological and pesticide runoff
sources) to an extent wnere methylarsine generation and its subsequent depoeition
in marine organisme wicht become significant, As stated earlier, very little is
known sbout the rates at which these reactions take place, and thus, the residence
time of the slow-to-oxidize dimethylarsinic acid could be appreciable, affording
poasibly plenty of time for further bacterial reduction to dimethylarsine and
subsequent accumilation in aquatic species harvested for food.
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A BIOLOQICAL TYOLE FOR  ARBENIC

With regard to the biclogical methylation of metals, Farguson and Gavis
report that the biological advantage, if any, is not known. Ferguson and Gavis
as well as Braman and Foreman suggest a poesible detoxification advantage in
methylation since methylarsonic acid, dimethylarsinic acid, and even the methyl-
arsines (30 long as thay are in solution) are less toxic generally than the tri-
and pentavalent inorganic precursors. Also, in anaercbic enviromments, the
methylation of metals Ly microorganisms may be more thermodyramically favorable
than the synthesis of methane. (7,11)
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Ferguson and Gavis ®) state that only aercbic metabolism has been found
to yield methylarsines, and that there is not a priori reason why anaerobic
synthesis of methylarsines could not also be possible. Wood, ! on the other
hand, referring to the work of McBride and Wolfe (which is also referenced by
Ferguson and Gavis), states the methylarsines are produced by anasrcbes,
Whather aervbically or ammerobically synthesized, Ferguson and Gavis state that
methylation is not tharmodynamically favored in water and can occur only in the
presence of organisms.

(Of all sources referenced here with regard to the methylation of
arsenic>78:28:33) 11 evpress concemn sbout the extrems toxicity of the methyl-
arsines, However, there is evidence, as cited in the Toxicological Assessment
portion of this study, that methylarsines, while in solution or otherwise con-
tained within aquatic organisms, may be of extremely low toxicity, especially
in comparison to their gasecus state).

Arsenic is removed from the solution phase by such reactions as adsorp-
tion onto clays and coprecipitation into metal ion precipitation. Arsenate,
because it is the fully oxidized form of arsenic, is the stable form in aerobic
waters, but it may be removed by several mechanisms. For example, that fact
that iron oxide has a positive surfacs charge in most geolcgic environments has
been cited as a reason for the high arsenate adscrption (arsenate is anionic)
onto hydrous iron oxides, Arsenate speclies coprecipitate with or asbsorb onto
hydrous iron axides. In addition, ferric arsenate is very insoluble. (™

Arsenite species {trivalent) may be presant in surface waters urder
sufficiently reducing conditions, or if the oxidation to arsenate (pentavalent)
is not complete. Arsemous acid gpecies will adsarb onto and/or coprecipitate
with iron oxide in a menner similar to that of arsenic (As(+5)) acid.

Aluminum hydroxides and clays also adsorb arsenate species; however,
bauxite and silicates ave usually only moderately enriched in arsenic. The
affinity of arsenite, on the other hand, for clays, and hydroxides other than
irom has not been investigated. However, because of the strong affinity of
arsenite for sulfur, metal sulfides readily adsorb and coprecipitate arsenite.
Goldschimidt and ‘i’ei:m:si(SJ measured up to 3000 my As/kg of sedimentary pyrite, FeS,.



Chemigtry of Arsenic in Soil

Arsenical compounds arrive in the soil in tho fomm of pesticides, as
fallout from smelting operations, from the burning of ooal and cotten wastes,
and from runoff from mining operations. Arsenic can accumulate in 20il to levels
that are phytotoxic. Treated soils in North 2merica may contain between 1.8
and 830 ppm As, while untreated soils range from 0.5 to 14.0 pp as, &5

When arsenic reaches the soil, it reacts with the soil and soil solution
to form compounds of various solubilities. *® Among the cations that react with
argenic are iron, aluminum, calcium, and magnesium. It also reacts with the hydrous
iron and alumimm oxldes that cover clay particles in soil. During the reaction
process, the chemical equilibrium of arsenic is changed, The amount of arsenic
in solution decreases in accordance with such factors as soil pH, available
cations, and the amount of orgunic matter present. (35) Mutrients in the ecll,
especially phoaphorus because of its chemical similarity to arsenic, also affect
the rate and degree of arsenic fixation. Phosphorus cameates with arsenic both
for fixmtion sites an clay particles and for uptake by plant rocots. The degree
of phytotoxicity due to arsenic is a function of the total amount of soluble
arsenic in the soil, (35:3%)

Of the sources of arsenic reaching the soil, arsenical pesticides are
the most widely distributed. Arsenic acid (H,AsO,) is applied to cotton for leaf
desiccation or to vegetation as a general weed killer. ‘The organic arsenicala,
rethanearaonates and cacodylic acid (dimethylarsinic acid), are selective and
general postemergence harbicides, respectively. Other forms in which arsenic
may reach the soil are as trivalent salts, pentavaleant salts, and, in the case
of smelter fallout, simply as arsenic trioxide, As0.. But regardless of the
form in which the arsenicals arrive, they are eventually oxidized and/or metaho-
lized to arsenates. (35,37

The amount of time for an ejquilibrium condition between scluble and in-
soluble arsenical species to be reached can ba anywhere from several days to many
months, depending upon the initial amounts of arsenic introduced to the soil ard
won the soil vaxiables listed sbove (available cations, pH, etc.}. Insoluble
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arsenical species predominate in solls rich in iron, calcium, and alunimam, which
means that such soils would tend to exhibit rapid initial reduction of arsenical
phytotoxicity, and anoe equilibrium is reached, arsenical phytotoxicity would be
lov even though the total amount of arsenic in the soil might be appreciable.>>)

When the initial application of soluble arsemicals is large, the rata of
conversion to insoluble forms (on a percentage basis) is slower than when small
amounts are applied. But with either large or small initial amownts, the soil
decrease of solubles, and the corresponding increase in insoluble salts, typically
varies as show. (6

insolnble Fe arsenical

insoluble Al
—— _é arsenical

That iron-arsenical is shown as being the predominant insoluble compound
ig purely arbitrary, simply for the sake of illustration. Low volumes of initially
water soluble arsenical, in a given soil type, generally decrease more rapidly
(e.g., 90 percent conversion to insoluble form within one week) than large volumes
(e.g., 50 percant in 24 weeks). In other words, the initial slope of the water
soluble curve decreases as the initial (applied) amount of water soluble arsenicals
increases; chemical equilibrium is reached more rapidly with lower initial levels

of arsenicals,
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Arsenic Removal Fram Solls

Arsenic is remcved fran scils by three mechanisme: lLeaching and runoff;
plant gptake; and biological transformation.

Leaching and Runoff
Soluble arsenical compounds can be carried in solution from soil, In
the case of leaching, the soluble forms can be carriad deeper into the soil pro-
file where they conbine with available fixation sites. Ieaching of arsenicals
to sufficient depths can effectively remowe amsenic from the part of the soil
whare crop roote are likely to absorb it. In the case of runoff, soluble arsenicals
are carried away from the soll, and eventually, find their way into grownd water
or streams and rivers, (38)

FPlant Uptake

Plants omcentrate arsenic, and with sufficient conceptration they dia.
Plant roots concentrate arsenic at a rate of 10 to 100 times higher than plant
tops. Phytotoxdcity results from "root pruning"; i.e., arsenic accumilation in
root tissues slows or halts root growth while the still~-growing plant tops eventu-
ally become starved becauvse of insufficient root size. The harvesting of crops
and especially the remowel of whole plants - crep, stalk, roots, and all - is
a mechanism of arsenic removal from soils. (38) Arsenic concentration in plants
and its effect on plant growth are discussed in the Toxiocological Assassment

portion of this report.
Biological Transformation

The biological transformations of arsenicals in soil are similar fn many
respects to those taking place in water, especially with regard to the formation
of highly wolatile arsenicals. Soil microorganiams both aerohic and anaerchic,
can mediate the transport of arsenic throuwgh soil; arsenic removal by wolatization
results from bacterial formation of arsine (AsH,), methylarsines (mono~, di-,
and trimethylarsine}, and other volatile organcarsenic cu:pa.n-us.(”)

In no discussion of the soil chemistry of arsenic surveyed for this study
is the possibility mentioned of micrdbially-mediated reduction of arsemates to



arsenites, as has been shown in water systems. Scluble arsenates in soil may
undargo chamical reduction to avsenites, but the litarature indicates that
oxldation to arsenates is more likely in soils, and that the product arsenates
are either washed from the soil or locked into insoluble cawplexes, which, as
described zbove, effectively oontrols axsenical phytotoxicity. Micrebiological
metabolic prooesses therefore act chiefly on orcanic arsenicals, mainly methane-
arsonic acids (which include the hexbicides DEMA and MSMA) and dimethylarsinic
acid (the harbicide, cacodylic acid).

In aerchic soils, the organic arsenicals will, in time, be oxidized,
either chesically or as a result of biclogical prooesses, to carbon dioxide and
arsenate. It is alao possible in aesrcbic soils for organic arsenicals to be
reduced to wolatile organo-arsenical oompounds in the same manner as described
in the section of this study dealing with the chemistry of arsenic in water;
namely, organo-arsenicals are reduced and methylated to mono~, di~, and trimethyl-
arsines, as well as to incrganic arsine and to other wolatile organo—arsenicala.(”)

As would be expectad, it is under the anaercbic conditions where the
largest portion of nonvolatile organo-arsenicals (specifically, cacodylic acid)
are converted to volatile forms instead of being oxidized. In a study by Woolson
and Kearney °7) of the degradation of cacodylic acid in three types of soils, an
avarage of 61 parcent of applied cacodylic acid was converted urdar anaerdbhic con-
ditions to a wlatile organo-arsenical within a 24-week period, whereas under
aercbic conditions, 35 percent was made volatile and 41 percent axidized into
@, and arsenate in the same period. (Under the anaerchic oonditions, none of
theczmdyhcac:.dwaaoxidizedtom and arsenate) .

The reactions of the methanearsonic acids in soil are similar to those
of cacodylic acid - metabolism to volatile campounds in both aerdbic and anaerchbic
soils, and oxidation (and off-gasing of (0,) in serchic soils, (38)

ine is a comon wolatile arsenical, and acoording to Woolson
and Kearney, 37 it is so unstable that it may be oxidized badk into cacodylic
acid by its cmtact with air and return to the soil to eithar repeat the cycle
or to by coddized and finally fixed into the soil. The ultimate environmental
fate of arsenic in soil appears to be the fommation of inonganic arsemata which
becories bound as insolible compounds in the soil.



Oridation of cacodylic acid and methanearsonic acids can, however, be
part of biologically-mediated metabolic prooesses — at least in aerchic soils.
Woolson and Kearney found such evidence in measuring the ewolution of CD2 from
soil which had on two occasions received cacodylic acid; on the second occasion
the adapted microbiological population metasbolized the cacodylic acid much more
readily than in fresh soil: 13-percent release of the initial carbon (13C) after
98 days versus only 2 percent after the same period in fresh soil, The diagram
below illustrates the dirference, 7
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Increasing phsphorus levels in nutrient solutions containing sufficient
arsenic to reduce growth has been shown to cause less arsenic to acomnulate in
plants and to improve plant growth where it would otherwise be slowed by the
prasence of arsenic. This affect, however, does not always hold true. In ore
study where soil levels of Al and Fe were low, phosphorus seemed to magnify the
phytotoxicity of arsenic, possibly because the phosphorus combined with the few
fixation sites availsble so that arsemic did not foom inscluble campounds which
would have taken it oul of solution.

Since phosphorus is an important ingredient in fertilizers, it could play
a part in the phytotoxicity of the total arsenic in a given soil situation. If
the s0il has a high potential for fixation of these two chemically similar elements,
the available phosphorus in scluticn will be preferentially zbsorbed by plants,
and the arsenic will not be as haxmful. 1In sBoils with a low potential for fixation,
especially with respect to Fe and Al, phosphorus will be predominatly fixed while
arsenic will remain available for plant wptaks, and, hence, phytotoxicity.
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In general, plant content of arsenic and phosphorus appears to be a
function of their soil availability. Soils which are high in accumlated arsenic
(highly insoluble forms associated with Fe and Al, mainly in clay particles) are
affected by the addition of phosphorus., FPhosphorus can increase the amount of
soluble arsenate in soil and, thus, hasten the leaching of arsenic from the top
soil. Thus, in soils containing initjally high levels of insoluble arsenic,
high phosphate fertilizers may provide a mechanism for moving some of the toxic,
more soluble arsenic deeper into the soil profila.



SECTION IV
ARSENIC PRODUCTION AND USES

Table 1 sumarizes arsenic supply and use wlumes for those years be-
tween 1968 and 1974 for which data were available. Though there is only one
domestic supplier of arpenic trioxide, production information is unavailable.
The supply information in the Table shows considerable variation between data
sources. With regard to exports, approximately 25 percent of the damestic pro-
duction was exparted in 1974, according to a spokesman for ASARCD, the single
arsenic pmdwer.wgl

The major uses of arsenic are:

Pesticides
Insecticides
Hervicides
Mogicides

Wood Preservatives

Feed Additives

Glass Manufacture

Nenferrous Alloying

Data Collection and Use Trends
Pesticides

Arseriical pesticides account for less than 3 percent of the total pesti-
cide market, and their share is decreasing as a result of cancellation of pesti-
cide registrations®®) and because of the increasing concern of the Occupational
Safety and Health Administration for the health of arsenic workers - compliance
with exposure standards, both current and proposed, has been named as a factor
in the decreased use of inorganic arsenicals.

Lead and calcium arsenate and Paris qreen account for virtually all of the
arsenical insecticides currently used. The arsenical herbicides (including de-
foliants and desiccants) are the methanearsonates, cacodylic acid, amd arsenic
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(a) Data from Hational Imentewy of Scurces and Bmissions: Arsemic — 1968.

(b) Data fmol:cmua‘ded Hsthndglof Raduction, Meutrali=ation, Hecovery, or
Disposal Razardous Waste.

{c) Data from Documant for Interim Pinal Effluent Limitations
Guidel ines and Proposed New Source Perfiormyws Standards for the Frimary
Cropper Smelting Subcavegory amd the Primary Refining Subcategory of the

Oopper Segment of the Nonferrous Metals Manufacturing Point Source Category.
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Based on information supplied by the Amarican Smeltirg and Refining Company
to the Oooypational Safety amd Health Administration with regard to the
proposed standand for exposge to inorganic arsenic.3*

From the Arsenic section of the Oopdity Data Summariss 1975'%

{amd persconal commmication with Gerbrude Greenspom, BOM)

Parre, Jaees, Arsenic, In: Minera)l Facts and Prohlems, lg?uaditim
U.5. Department of the Intericr, Bureau of Mines, pp. £79-487.°

FPersonal coummnication with a spokesman ficr the Ansul Company.

Mmmﬁmltmmdcikmlsﬂ.'y )
ad from Parwers' Use of Pesticides in 1971 . . Quantitieg *®

Mmmmmmmsmﬂmn,mmmm”

data were avajlahle — Farmers' Use of Pesticides in 1971 . Quantities.
of 1975 demnd supplied by arsenic acid prodooers - assumed

linear relation 1971 through 1975.

Data supplied by the American Wood-] ' Association,!?

Fead additive use in 1973 was inferred from information supplied by the

Fational Agricaltural Chemiecal hsgooiation - years 1962 throuch 1972 are

besed on kroviler production. for those years, adjusted to 1973 hroiler

prachaet-ion.

Baged on assumd linear decrease hetween average of figqures for 1968 and Asanxo

data for 1974."

Based on 90 percent of metallic arsenic inmports as reprcted by Burean of Minpes.
(Mo metallic arsenic prodoced in the U.S. between 1968 amd 1974, at which time
Agarco startsd pooducing it.)!®

Includes such uses as apimal dips and paint pigments ant acditives which no
lmger condaln arsendc;t® e85 from 1969 4o 12971, baais is 10 percent of
iants?fthitearaaﬂcg 1972 through 1974 based on 5 parcent of white arsenic
imports.

Cacodylic acid is a major arsenical herbicide, ut 1o production or use data
exe available.



acid; other arsenical herbicides such as sodium arsenite and mixtures containing
argsenic trioxide were in use in the last decade, but if they are still in use, no
producers or production information were uncovered in this study. The EPA
Conpendium of Registered Pesticides lists several dozen arsemical herbicides and
insecticides, but the ones ligted above are the only ones finding any use today.
Simllarly for arsenical fungicides, several are listed but only one - 10,10'-
oxybispharoxarsine - is in use (as an additive to flexible vinyl plastic formu-
lations), and productiron information is not available fram the single producer.

Mot of the pesticide data in the Table is from Department of Agricul~
ture sources, and part of it has been supplied by produwcers. Total arsenical
pesticide production is decreasing, but the high figure of 17,700 kkg of ele-
mental arsenic used in pesticides'in 1968 probably was a result of military use
of cacodylic acid as a defoliant (agent BLUE) in Vietnam. 4*/42) yge of caco-
dylic acid in Vietnam probably reached a peak around 1970, but no data are
available to substantiate this. Production of calcium and lead arsenate de-
creased between 1968 and 1972, but “domestic disappearance” data for the same
period (which takes acoount of imparts, exports, and producer year-end inven-
tories) shows no trend. The lead arsenate and calcium arsenate data in the Table
is based on domestic disappearance since it better reflects demand than does the
production data,

The use of arsenic acid has increased dramatically during the last
decade. RArsenic acid is used almost exclusively as a cotton harvest aid (speci-
fically, as a desiccani) in Texas and Oklahoma where the sc-called "dry-land”
cotton is grown. Cacodylic acid is also used as a cotton harvest aid, largely
in the nine other cotton-producing states.

Wood Preservatives

The two main arsenical wood preservatives are chromated copper arsenate
{CCAY and fluor chreme arsenate phencl (FCAP), Small amounts of amoniacal aop~
per arsenate (ACA) are also being used by a wood-treating plant on the west coast.
CCA presently accounts for about 90 percent of the arsenical wood preservative

uae,(“)simemitbemsbunﬂbothamaiﬂbemsitiaimvimmto
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leaching, as opposed to the other watar-horne wood preservatives. Data were

[ 2
supplied by the American Wood~Preservers' Associaticn and by the producers of
arsenical wood preservatives. Use of OCA is increasing; FCAP is da::casing.“s)

Feed Additives

Arsenical feed additives are used in the feed of poultry and swine to
increase growth rate and feed efficiency, and, i;nmimtarm, to ocontrol
poultry disease. Data were available only for the years 1973 ard 1974; Qata for
previous years wes derived on the basis of hroiler production for the years 1968
through 1973, assuning a constant ratio of arsenic to broilers for each year.
AacnrdingtnanMBmmce.“G) arsenioal feed additives are proportional in
total volume to broiler production, and will grow or decline accordingly.

Glass Manufacture

Data on tha use of arsenic in the manufactwe of glass 1s conflicting.
Of the glass manufacturing specialists contacted, on: stated emphatically that
arsenic is no longer usad in glass because of the hardling hazards and because
of problems in disposing of arsenic containers. Another specialist said arsenic
was gtill used, but only in specialty and "art" glass. The use of arsenic in
glass is definitely decreasing.

Nonferrous Alloying

Arsenic is used in lead, brass, aud copper alloys to improve certain
metallurgical properties., The apparent increase in this use shown in the Table
is based on increased imports of metallic arsenic as reported Ly the Bureau of
Mines, One of the major alloying uses is in lead shot where arsenic ircreases
the hardness and sphericity of the shot, However, the use of lead shot may be
curtailed by the Bureau of Sport Fisheries and Wildlife because of evidence that
ducks and other birds are being lead-poisoned from eating the shot; an iron-
based shot will 1ikely be the alternative,(47)

Miscellaneous

The miscellaneous uses of arsenic include, or have included, the fol-
lowing during the last decade:
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~ animal dips, paint pigments and additives, and leather tanning
chemicals - all of which no longer use arsgenic

- pharmaceuticals - human use of arsenical pharmaceuticals has
effectively ceased, t?ztﬂuyara gatill used in verterinary
application other than as feed additives

- electronics - semiconductor uses in diodes, transistors, lasers
and infrared devices, plus increasing use in light-emitting
diodes for digital readout.,

The ramainder of this section is a detailed discussion of the uses of

argenic, the enviormmental emissions resulting from these uses, and alternative
materials for these uses.

Pesticides

Herbicides ard insecticides are the two main pesticides. Other pesti~
cides include fungicides, rodenticides, miticides, acarcides, ard nematocides.
At the present time, more that 80 percent of pesticides are organic chemicals,
a substantial change from the 1940's when pesticide chemicals were almost en~
tirely inorganic, with insecticides, the largest part of the pre-war pesticide
market, consisting largely of lead arsenate and calcium arsenate,

 Insecticides

Volume ITT of the EPA Compendium of Registered Pesticides lists the

following arsenical insecticides:

Arsenic Pentoxide Lead Arsenate

Arsenic Trioxide Paris Green {copper acetoarsenite)
Basic Copper Arsenate Potassium Arsenite

Cacodylic Acid Sodium Arsenate

Calcium Arsenate Sodium Arpenite

Copper Arsenate Sodium Pyroarsenate

T™wo of these compounds, sodium arsenite and potaasium arsenite, are
listed in the Compendium as acarcides (tick killers) used in animal dips., As
such, they are discussed separately in the Animal Dip section of this report.
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Inorganic .
Inmacticidas* al 43 8| 0.9 1.4 30 154 B42 2201 0.5 1,383
{kkg)
Total
Insecticides | 32,346 |1,883 (2,724 1,039 |1,313 |3,0861 |19,605| 4,782| 8,417 | 300 | 97,717
(kg)

S 1organic |, o0q | 2.3 o0.28{0c.088 | 2.0 23| o.78] 17.6] 2.6 0.151 1.4

Potatoan
"All Other Pruits snd
Goeen

of Total
*Pigqure includes cryclita (115 kkg) and sodium fluosilicate (7.3 kkg); remainder is
arsenioal, }?

(That the total imorganic insecticide use on cxops, 1,383 kkg, is less
than half of the repurted production of lead arsenate and calcium arsenate for
the same year is acoourted for by the uses of lead arsenate and calcium arsenate
in non-crop uses by government, irdustry, and homeowners.)

The only organic arsenical insecticides listed in the EPA Compendium
are cacodylic acid and paris green. Cacodylic acid is not used on crops and
paris green is used exclusively as a mosquito larvacide. Thus, all arsenical
insecticides used on crops are included under the heading "Inorgsnic Imsecti-
cldes in the above table. The largest use of inorganics is on apples (17.6% of
all insecticides used un apples) followed by "All other fruite and nuts"* (2.6%).

Thus, arsenicals - except in the case of apples - account for only a
amall part of the total insecticides used on crops in 1971 (1.4%), and the down-
wa:dtrendmtedbetmml%eandlg?linhnrgmicaemmmbeoontimﬁm.(sm

*qrapes, avocados, flgs, blackberries, blueberries, boysenberries, currants,
gooseberries, loganberries, raspberries, strawberries, almonds, filberts,
pecans, walnuts, olives, tung nmuts.
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Arpenic pentoxide 18 used to protect wood against termites; it is discussed in
the Wood Presexrvative section.

Prior to Wi II, landailﬂcalcimarmbemreﬂa"backbmeofﬂae

pestic:d;a industry”. These two compounds significantly decreased in use since
(48
1940.

1940 1960 1965 1967 1968

(1000 kkqg)
lead arsenate 3.1 4.5 3.2 2.7 4.1
calcivm arsenate 22.7 3.2 1.8 0.9 1.4

The compounds are no longer the backbone of the pesticide industry, but
they are the backbone of the arsenical insecticide industry, with lead arsenate
carrying the major portion of the burden.

1967 1968 1969 1970 1971 1972
(kksg)
lead arsenate 2,700 4,100 4,170 1,880 2,800 2,530
calcium arsenate 930 1,540 527 522 427 {w)
(W) = data withheld to avoid disclosure

Agricultural Economic Report No. 252, Farmers' Use of Pesticides in
1971 .., Quantities, (*? states that inorganic insecticide use in 1966 and 1971
was “"relatively insignificant'; it dropped from 2,630 metric tons in 1966 to
1,450 metric tons in 1971, "down from 4 percent to lesa than 2 parcent of all
insecticides used".

The same publication lists the crops and amounts of insecticides used
in 1971. Under the heading "inorganic insecticides" (unspecified), ten crops
are listed.



Hexbicides

Arsenical herbicides used today are largely of the erganic variety.
Inorganic arsenicals are rarely used any more, with the notable exception of
arsenic acid used am a cotton harvest aid. In the past, arsenical herbicides
were usually of the trivalent form, which is usually more water soluble and
thus rore easily abeorbad by plant tissues, either through the rcots or directly
through the leaves.

" Sodium arsenite was the standard weed killer for most of this centiry
until about 1960; that is, when more effective and more highly selective or-
ganic herbicides became availahie, B

Arsenic trioxide, which is a relatively insoluble trivalent arsenic
compourd, is used in soil sterilization. Its disadvantages include high dosage
rates (400 to 800 pounds per acre are requived) and soil residues, which remain
for many years even though actual soil sterilization may be effective for only
a year or 0. Non-arsenical herbicides are effective at dosages on the order
of anly saveralpanﬂsperacre.wn

Arsenicals kill plauts via inhibition of enzymes containing sulfhydryl
groups, Protein precipitation within plant cells is a consequence of high ar-
senjcal concentrations. Arsenicals generally arve not specific in their herbi-
cidal action. (31)

The organic arsenicals are classed as either arsonic or arsinic acids.
The bagic structural formulas are:

Q )

il i
R——A8 —(CH R—-—jiss—-OH

i

(4 3 | r'
Arsonic Acid Arsinic Acid

where R and R' correspond to a variety of organic groupe, cacodylic acid, which
is dimethylarsinic acid, is based on arsinic acid with methyl groups in place
of R and R'. The salts of arscnic acid are disodium methanearsonic acid (DSMA) ,
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monosodium acid methanearsonate (MSMA), amine methanearsonate (AMA), and cal-
cium acid methanearsonate (). 3

Cacxdylic acid ancd the arsonic acids are pentavalent arsenicals. They
are generally less tuxic to animals than organic trivalent arsenicals, and they
are congiderably less toxic than inorganic arsenicals, (See Table 11 which shows
the relativa toxicities of various arsenical coopounds.) The methanearscnates
ardl cacodylates are classed as contact herhicides, which means they don't have
to be absorbed through the roots to be effective.

The arsenical herbicides listed in Volume I of the EPA Compendium of
Registered Pesticides are:

Argenic Acid (orthoarsenic acid)

Arsenic Trioxide

Arsencus Oxide

Basic Copper Arsenate

Cacodylic Acid

Calciur Acid Methanearsonate

Calciun Arsenate and Tricalcium Arsenate

Calclum Propanearsconate

Diammornium Methanearsonate

Disodium Methanearsonate and Methanearsonic Acid

lead Arsenate and Standard Lead Arsenate

Monosodium Acid Methapearsonate and Monarwoniun Methanearsonate
Dodecylammonium Methanearsonate and Octylammonium Methanearsonate
S5odium Argenite

The underlined names are the ones for which information has been in-
cluded in the Compendium - the other items are merely listed in the index and
further data will be incorporated at scme fubture time. The existing write-ups
include registered uses, tolerances (in s0il and on agricultural products), and
limitations (eg., State prohibitions, part of plant life-cycle when most
effective).



The Criteria and Evaluation Branch of the Office of Pesticide Programs
hag conmpiled a list of arsenical herbicides and a preliminary llst of non-
arsenical alternatives reqgistered for the same uses as the arsenicals. ‘his
campilation and searcl. for non-arsenical alternatives is part of an on—going study
at EPA, The list of alternatives will be trimmed as EPA gathers information
on the economics and characteristics of each altemative, such as cost and
availability of the alternative, efficiency within different climates and on
various il types, ard information on the methods of application {(which could
entail a large capital outlay for new equipment, if the alternative material
must be applied differently from the arsenical).

The 1975 Wead Control Mamual, included in the February 1975 edition of
Agri-Fieldman, Ol lists the currently available herbicide products and their
manufacturers. The arsenical corpounds used in these products are:

Monosodium Acid Methanearsonate (MSMA)
Disodium Methanearsonate (DSMA)
Cacodylic Acid

Amine Methanearsonate (AMR)

Calcium Acid Methansarsonate
Dodecylammosivm Hethanearebmte
Oxtylammonium Methanearsonate

All of these compounds are listed in the EPA Compendium; only the first
three are listed in the table compiled by the Criteria and Evaluaticn Branch of
the Office of Pesticide Programs. Cacodylic acid, DSMA, and MSMA constitute
virtually the entire organic arsenical herbicide market.

Arsenic acid, because of its high water solubility, is a very potent
herbicide. During the past decade, it has increased dramatically in use as a
cotton plant desiccant; i.e., a harvest aid which is applied prior to machine
picking.

The Farm Chemicals Handbook°%! 1ists four producers of arsenic acid
used in cotton desiccation. In checking with these producers, it was found that
one o longer prodces arsenic acid, and that two produce it for in-house uses
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only, such as the production of lead and calciuam arsenates. Two producars,
both located in Teas, supply virtually all of the arsenic acid used in cotton
production. They are the Bryan, Texas, Division of the Permpalt Corpany, and
Voluntary Purchasing Group (VPG) of Bonhem, Texas. (>3

In the Texag-Oklahoma area, 85 percent of the cotton is "dry land"
cotton which yields 1/4 t0 1/2 bale per acre, and 15 percent is spindle ocotton
vhich yields 1 to 2 bales per acre. (Spimdle cotton is more expensive to raise
since it requires irrication and many doses of insecticides.) The dry land
cottonismdﬂmpicked("si:riz:ped“)atacostmthozdarafmpaoentof
the cost of mamal picking. Industry spokesmen claim that many cotton growers
would have to go out of business if arsenic acid becomes uwavailable for desic-
cation purposes. The non-arsenical alternative is paraquat, but this is
allegdlymtuqﬂfectiwaausmicacid,arﬂitismmiwpuappu-
cation, (33¢54)

Demand for arsenic acid is increasing. In 1966, the amount of arsenic
acid used in cotton desiccation was 443 metric tons, while by 1971 it had in-
creased to 2,750 metric tons. (49 15 1975, arsenic acid consumption is estimated
to be on the arder of 7,460 metric tons. (53

The following table shows the use-distribution of arsenical herbicidas
on crops (1971 data) : (49

and
All Other Fruits and Nuts
Fallow

I|

Organic

Arsonical | 3,440 84 1.4 22 0.45 3.2 10 0.45 | 3,550
Ry o
Total 600 | 30,500 9,900 { 715 { 167,000
mm 51.300 5'250 3;620 16‘600 18’ I [

—{eg) : :

AB § Of

Yotal 6.7 1.6 | 0.038 0.13 | 0.0024 0.01 0.1 | 0.063 2.1

- A -

Nota that arsenical herbicidex usa? account for anly about 2 percent of total herbieids use
on crops, and that cotton is tha most arsenically-dependent crop.
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Fungicides

The bulk of arsenical fungicides are used as wood preservatives. There
is cne arsenical fimgicide, however, which is used to oomtrol fungus attack of
vinyl plasticg, It is 10,10"-oxybisphenoxarsine, marketed as Vinyzene (inh about
five different formulations) by the Ventron Oorporation of Bewerly, Massachusetts.

The Vinyzene formulations contain either 1 or 2 percent of the active
fungicide 10,10’-oxybisphencxarsine (10,10'-CBPA). The empirical formula for
10,10'-CBPA is C, 4, 623,043 it is 30 percent As and 40 parcent .!5203.

Fungicides such as Vinyzene are used in plasticized polyvinylchloride
products which are exposed in use to humid envirorments. The PV resin itself is
not normally attacked by fungi; it is the plasticizers which need protection from
fungal attack, Rigid vinyl products such as plumbing pipe do not require fungicide
additives. Typical calendered and flexible vinyl products in which fungicides
might be used include shower curtains, hospital sheeting, upholstery, electrical
cable jackets, refrigerator gaskets, wall coverings, automcbile landau tops,
other auto parts, boat covers, awnings and tarpaulins, pond and swimming pool
liners, ard plastic pants for babies.

In the case of the arsenical Vinyzene, the conmnon formulations contain
1 percent 10,10'~-CBPA, with 2 percent formulations used for very humid outdoor
applications. The active ingredient is normally dispersed in epoxidized soybean
0il, a plasticizer, for use by plastic molders at about 3 parts per hundred of
rasin (phr}. Dispersions in other plasticizers such as dioctylphthalate or
diisodecylphthalate, and formulations using solvents such as methyl ethyl ketocne
or mineral spirits, are produced to a leeser extent.

The use of Vinyzene has grown very rapidly over the past ten years, but
it still acoounts for only a very tiny fraction (0.02 percent) of all the vhite
arsenic used in the U.S.:

X



Vinyzene Formulations, 10,10'-0OBRA, Arsanic as As,Qj,

Year Kkg/year kkg/pear - Kkg/year
1965 30 0.3 0.1
1966 40 0.4 0.2
1967 100 1.0 0.4
1968 180 i.8 0.7
1969 340 3.4 1.3
1970 380 3.8 1.5
1871 600 6.0 2.4
1972 850 B.5 3.3
1973 1,030 10.3 4.1
1974 1,390 13.9 5.5

Although Vinyzene has more than 50 percent of the total fungicide (for
plastics) market, the overall market penetration of all fungicides ig only about
10 percent. Hence, even if the entire potential market were captured by Vinyzene,
the quantity of 10,10'-ORPA would be anly 280 metric tons per year, with an
As,0, equivalent of anly 110 metric tons per year. (5)

At the standard use rate of 3 phr for a 1 or 2 percent foowlation, the
active ingredient 10,10'-0BPA is in the vinyl product at a caxentration of 300
or 600 ppm. The tight structure of the molecule makes it extremely stable, and
it has no discemable vapor pressure., Skin irritation and sensitivity tests
gave acoeptaply low results. The active ingredient was not extracted fram PVC
film by water, perspiration, or skin cil; and e was wolatilized up to 250°C.
Since mich of the PVC productas in which Vinyzene is an ingredient enters the
municipal solid waste stream, a significant portion is incineruted, whereupon
A5203 is emitted to the atmosphere. The quantity involved, however, is extremely
small compared to other A5203 atmospheric emissions.

The large market share of all vinyl fungicides enjoyed by Vinyzene is
in part due to its 10 to 15 percent lower cost than competitive materials. The



substitutes include parium metaborate and the following arganics:

K= (trichlorcmethylthio) phthalimide
2-n-octyl-4-isorhiazolin-3-one

N- {trichloramethyl thio) -4-cyclohexane-1 , 2-di carbaximide
Triphenylin nonylphenoxide

diphenyletibine 2-ethylhexoate

Wood Preseyvatives

The American Wood Preservers' Association lists three arsenical wood
preservatives:

Chramated Copper Arsenate (OCa) (Types A, B, and C)
Fluor Chrome Arsenate Phenol (FCAP)
Ammoniacal Copper Arsenite (ACA)

These compoands are classed as water-borne preservatives. The standards
established by the AWPA call for the following oompositions (tolerances not given
56)
he:e):(

Chramated Copper Arsenate

Hexavalent chromium as (:r:o3 65.6% 35.3% 47.5%
Copper As QU0 18.1% 19.6% 18.5%
Arsenic as Aszos 16.4% 45.1% 34.0%
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Fluor Chroane Arsenate Phenol

Fluwride as ¥
Hexavalent chroamium as CrO
Arsenic as As.0

e 5
Dinitrophenol

3

Amroniacal Copper Arsenite
Qopper as Q0
Arsenic as Aszo5

22%
37%
25%
l6%

49.8%
50.2%

The trade names of the arsenical products are:

Chavonite
Greansalt

Langwnod
Beliden CCA ]

Koppers OCA-B
Osnmose K33
Chramne-Ar-Cu (CAC)
Wolman OCA
Wolmenac CCA
Oapsalts (Osmosar)
ith
Wolman Salts FCAP
Wolmen Salts FMP

Wood treated with preservatives

Poles

Lunber and timbers

ACA
CChA Type A

CCA Type B

OCA Type C

is used in these applications: '+

Type of Treatment
(1973)

Areenical ~ Other
~ 2% 97%
- 40%
47% 46%
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Arsenical Uthey

Fence posts 42 96%
Piling - 97%
Switchties - >99%
Crogsarms - 99%
Plywoad 42% 58%

The arsenicals used in these applications are mainly chramated copper
arsenate and fluwr clwvome arsenate phenol; ammoniacal copper arsenite acocounts
only for 9 percent of the arsenical usage in plywood preservaticn, 5 percent of
the lumber and timber, and no other significant usage. Thus, OCA and FCAP are
effectively the only arsenical preservatives listed by the American Wood Pre-~
servers’ Association, and these two compounds are used only in poles (~2%),
lurber and timbers (45%}, fence posts (4%), and plywood (~38%).

Consumption of solid pﬁéservatives (as opposed to liquid preservatives -
creogote and petroleum - which are the mainatays of the wond presexvative indus-
try) has followed a pattern where fluor chrome arsenate phenol is gradually
phasing out, while chromated copper arsenate is growing in use. 7

Solid Preservatives “@5)
(kkg)

Chromated

Copper Fluor Chrome Total

Arsenate Arsenate Phenol Pentachlorophenol Preservatives
1965 - 2,610 9,200 14,300
1366 - 3,140 11,800 17,600
1967 1,060 2,430 11,300 16,350
1968 1,460 1,800 12,000 17,900
1969 2,120 2.060 11,600 18,050
19720 2,740 1,220 12,900 17,800
1971 3,960 987 14,600 20,500
1972 4,430 870 16,600 23,200
1973 5,320 767 17,700 25,300
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Thus, in 1973, chramated copper arsenate acoounted for 21 percent of
the total solid preservatives consumed and fluor chrame arsenate phenol accounted
for 3 percent.

Looking at the total preservative picture (liquids and solids),
254,443,000 cubic feet of wood were preserved in 1973, of which chramated copper
arsenate accounted for 12 percent (29,414,000 £t°), fluor chrome arsenate phenol
accounted for 1.4 percent (3,604,000 ;‘51:3),r and amroniacal ocopper arsenite and all
other arsehical wood preservatives {see below) accounted for even less.

The wood preservatives discussed above are used to protect wood against
fungus attack and microbially-mediated rot. Insects, especially termites, are
also a consideration in wood preservation. The EPA Office of Pesticides Programs
has campiled a list of arsenical insecticides used as wood preservatives. They
are:

Ammonium arsenite

Arsenic acid

Arsenic pentoaide

Arsenic trioxide

Sodium pyroarsenite

Wolman salts (fluor chrome arsenate phenol)

The reason for the absence of (CA (chromated copper arsenate) from this
list is not known. The registered alternatives for these campourds are given as
creosote and pentachlorophenol.

EPA has also conpiled a list of arsenical fungicides used as "industrial
wood preservatives", They are:

Arsenic acid

Arsenic trioxide mixtures
Argenic pentoxide mixtures
Disodium arsenate mixture
Sodium arsenate mixture
Ammonium arsenite mixtures
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The use of these compounds is extremely limited, if indeed they are
used at all any more.

Fead Additives

The arsenical feed additives are:

Arsanilic acid

Royarsone (3-nitro—4-hydroxyphenylarsonic acid)
Carbarsons (p-ureidobenzenearsonic acid)
Nitarsone (4-nitrophenylarsonic acid)

The purposes of arsenical feced additives are disease prevention and
control, and to inprove feed efficiency and weight gain. Arsenicals are re-
stricted alwost entirely to poultry, though some are used for swine.

Carbonsone is used in turkey feed only; its function is to prevent or
control histomoniasis (blackhead), a protozoan parasite diseage of turkeys. It
is sold in conbination with colloidal alumimmm silicates containing 37.5 percent
Carbarscne {Carb-O-Sep), or in cambination with antibiotics. Carbaraone is also
used to prevent and control coccidiosis, a common poultry disease. In combina-
tion with Bacitracin, Carbarsone also incresses weight gain in turkeys. )

Nitarsone is used to prevent and control blackhead in chicken and tur-
keys. In combination with various antibiotics, Nitarsone will also stimilate
growth and improve feed efficiency. (58)

Foxarsone prawtes growth and improves feed efficiency and pigmentation
in chickens and turkeys. It also increases egy production in laying chickens.
In cambination with antibiotics, Rosarsone prevents and controls various chicken
and turkey diseases, and pramotes growth and improves feed efficiency. >0

Arsanilic acid {(or sodium arsanilate, the water-soluble salt of arsanilic
acid) increases weight gain and improves feed efficiency in chickens and turkeys;
it also increases egg production and feed efficiency in laying chickens and pre-
vents coccidicsis in both layers and rnonlayers. In combination with variocus
antibiotics, arsanilic acid prevents and controls certain diseages, as well as



improves weight gain ard feed efficiency. (58)

In swine, arsanilic acid {often in its water soluble form - sodium
arsanilate) increases welght gain and feed efficiency. In cambination with
antibiotics is prevents, treats, or controls various internal diseases such as
salronella, and dysentary.

All commercial cambinations of antibiotics with arsenical feed additiwves
mast be approved by the FDA. Federal law requires a 5-day withdrawal period be-
fore slaughter for poultry. 46/98) arsenicals temd to accumiate in poultry
livers, but the 5-day withdrawal period is sufficient for liver levels to return
to normal, non-arsenical levels. (59)

Names of producers of arsenical feed additives are listed in the Feed
Additive Canpendium. (58)
Nonferrous Arsenical Alloys

Arsenic in small amounts can influence the mechanical and chemical prop-
erties of copper, lead, and brass,

Copper

Arsenic in copper increases corrosion and erosion resistance, raises
annealing temperature, and possibly sexves as a deoxidizer. Arsenical copper,
as it is called, contains up to 0.5 percant arsenic. The higher anmmealing tem-
perature of arsenical copper allows the material to retain its strength after
soldering; thus, autcmoblle radiatdrs and other such copper parts fabricated by
poldering are likely to contain arsenic. (60)

Arsenical coppar has also been used in the manufacture of boiler tubes
used in power plants in the central U/.S. whare water conditions are relatively
mild, This use has, however, diminished in recent years because of high cost
oampared with Mmtz metal and inhibited admiralty. (60

Lead

The mogst widely known use of arsenic in lead is probably in the manu-
facture of lead shot, Arsenic in amounts of wp to 1 percent alters the charac-
terigtics of molten lead so that the shot produced is of a more spherical shape.
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Lead shot is likely to be hanned on flyways because of the poisoning of
ducks who eat the shot (lead poisoning) . Iron-lead alloy will likely replace
the lead-arsenic alloy now used. The Bureau of Sport Fisheries and Wildlife
will be the banning agency. 2An estimated 1,145 kkg of arsenic is used amnually
in the production of lead shot.3%+47)

In engine bearings of the type used in automobiles and trucks, additions
of up to 3 percent arsenic to the usual lead-tin-antimony bakbitt improves bear-
ing life significantly; it produces an increase in both sitrength and endurance
limit, especially at high engine temperatures, and it probably also inhibits the
bearing carrosion which is common in engines under adverse service conditions. (60

In the electrolytic deposition of copper from solutions containing chlo-
rides and nitrates, the anodes have been made from lead-antimony alloys ocontain-
ing from 0.6 to 6.8 percent arsenic. 'The arsenic reduces the anode solubility.(so)

Iead-acid storage batteries typically contain antimomy in the lead as a
hardener, especially for the posts and plates. Arsenic is used in amounts up to
0.5 percent, also for hardening, and to otherwise extend battery life. Arsenical
lead for batteries is purchased as such from lead suppliers. (61

Cable sheathing must be strong and corrosion resistant. Chemical lead,
1 percent antimonial lead, and arsenical lead alloys have been used in cable
sheathing made of lead.

Brasas

Arsenic in brass inhibits dezincification and the resultant season
cracking, corrosion processes whereby zinc dissolves out of brass thus making it
brittle and spongy.

Areenic usace in nonferrous alloys was estimated to have been 360 kkg
in 1968.?)  Bureau of Mines data‘!® ghow a general increase in metallic ar-
senic imports between 1970 and 1974, and since the main use of metallic arsenic
is in nonferrous alloying, then such consumption could ponsibly be increasing.



1970 1971 1972 1973 1974

Metallic As Imports 415 486 600 583 590
(k)

No metallic arsenic was produced in the U.S. during this period.

Glass

Arsenic is not widely used in glass any more, and when it is, it is
classed as a "minor ingredient" - i.e., measwred on the order of ounces per ton.

Arsenic in glass serves two manufacturing purposes: (1) as an oxidizing
agent, and (2) as a fining agent, As an oxidizing agent, arsenic in the form of
sodium arsenate oxidizes iron (Fed oxidized to Fe,0,) so that it will not discolor
the glass. This oxidizing cperation can also be performed using non-arsenical
sulfate or sodium nitrate (niter) - in fact, in moet instances these days, the
non-arsenical alternatives are used, especially since they arve efficient in the
oud.datic{nézc}:f other possible impurities such as carbon (which can be oxidized by
niter).

Fining is the removal of bubbles, As a fining agent, arsenic triocxide
and niter are mixed into the glass. The arsenic trioxide is oxidized to arsenic
pentoxide which, by thermal decamposition, releases oxygen bubbles which rise to
the surface carrying with them bubbles of other gases in the glass. Non-arsenical
sulfates are mostly used for f:iningt]medays.(m)

Sulfates are used for oxidizing and fining to such an extent these days
that arsenic use has dwindled to almost nothing. The types of glass where arsenic
would most likely be used (for fining and oxidizing) are flat glass, container
glass, and "art glass". In virtually all forms of these glagses, however, non-
arsenical sulfates are likely used nowadays, and in the cases where arsenic is
still used, a possible alternative (which has been used) is antimony cxide, (62



The oxidation of Fe in glass is ane step in the "decolorizing” process.
The steps are:

(1) Magnetic remcval of iron impurities from the camponents to
beuaadintheglass

(2) O:d.dal::lmoftheraminingirm (gaaerallymtheformof
FeO, which canses a bluish color) to ferric oxide (which
produces a leas objectionable tan color)

(3} Masking of remaining color by the addition of cchalt or
seleniyn which camplements the objectionable ¢olors

The secord step (oxidation) is where arsenic has been used and is still
used to a limited extent. (62

Special glasses having high infrared transmissibility sometimes contain
arsenic as a camponent; such glasses are used in infrared cameras and in night-
sighting recomaissance systems, Infrared spectrometers used in such applica-
tions as nondestructive testing of plastics contain arsenic trisulfide. 3% m-
frared lasers also uge arsenic trisulfide in their glass components. (42

Gallium arsenide has been used as window film and has also been con-
sidered for use in bulk form in windows for high-powered lasers; boron arsenide
has found a possible application in the same area, but difficulty has been en-
countered in growing crystals of sufficient size. Combination of arsenic with
tellurium, germanium, iodine, selenium, thallium, and sulfur has been used in
specialty glasses having low melting-point properties. (42)

A mote of interest is that the goverrmment ordered that arsenic not be
used in flwrosilicate glags {of which Pyrex is the most well-known example)
during World War II because the arsenic was needed elsewhere in the war effort.
The producers of fluorosilicate glass didn't think it would be posaible to camply,
but they did, using the alternative oxidizers and fining agents discussed above. (62

Electronios

Gallium arsenide was once considered as a potential replacement for
silicon samiconductors, but silicon devices are currently favored because they



are easier to fabricate and there is less hazard in materials handling. Arsenic
is also used as a dopant for silicon materials, but only for certain special
semiconductor properties; boron and phosphorus are the dopants of choice. Gallium
argenide semiconductors are preferred to silicon types in high~temperature
conditions, (4%

Light Emitting Diodes (LEDs) rely heavily on arsenic intermetallic com-
pourxis. LEDs are used commonly in the latest generation of calculators; the
diodes are arranged for digital readout, and their low power requirements make
them ideal for battery-powered applications. Gallium arsenide, GaAs, and gallium
arsenide phosphide, GaAsxPY, are the most cammonly usad,u;l)nugh indium arsenide
Animal Dips

Sodium arsenite and potassium arsenite were the arsenicals used in dips
for cattle. These campounds are now available only in laboratory-sized lots -
no production gquantities are avallable from American chemical manufacturers.
There are no arsenical. dips used any longer. Chamical suppliers and dip manu-
facturars have stopped production because of the risks and problems in the
handling of inorganic arsenic. (84)

Arsenical dips have been replaced by formulations of Coumaphos or
W.(ﬂ)

Arsenic in Paint

Arsenic compourxds have been used in paints both a pigments and as anti-
fouling agents (marine uses). These uses, however, are in rapid decline - if,
indeed, they exist at all any more.

Acoarding to the National Paint and Coatings Association - which repre-
sents 70 to 75 percent of the paint manufacturers and 90 to 95 percent of the
paint sales - arsenic is no longer used in paint, either as a pigment or as an
antifouling agent. The Marine Coatings Comnittee of NPCA says that arsenic is
definitely not used as an antifouling agent in paints at this time, (&
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Note on Inorganic Arsenic Production

Many of the large suppliers of inorganic arsenicals - specifically
potassium and sodium arsenite ~ have ceased this facet of their operations over
the past several years. In telephone conmversations with such chemical suppliers
as Allied Chemical and Chipman Division (Rhodia), it was learned that EPA and
OSHA rulings on registration and testing have made it unprofitable to handle
arsenical compounds, especially since the demand for most inorganic arsenicals
has been continuously decreasing over the past two decades.

Environmental Emissions Resulting from Arsenic Uses

Ferguson and Gavis estimate the average annual arsenic contribution by
man to the environment (worldwide) is about 100,000 kkg/yr; this includes the
amount which results from increased erosion processes resulting from excavation
and mining operations. The total cultural contribution is balieved to be on the
crder of 3 times the natural arsenic flow duwe to natural eroeion processes, A
significant portion of this - between 15 and 20 percent - results fram the uses
of arsenic.

Pesticides

Pesticides (insecticides, herbicides, and fungicides) are the largest
single use of arsenic, and because pesticides are deliberataly introduced into
the environment, they account for about 80 to 90 percent of all arsenic emissions
{onto land and into water and ajir) resulting from the uses of arsenic. In 1974,
about 13,000 kkg of arsenic was consumed by pesticide manufacturers in the United
states. 3% This is therefore the limiting amount of arsenic in pesticides that
could reach the enviromment in 1974 (assuming no decrease in pesticide stockpiles
for that year). Emissions not only result from the uses of pesticides, but from
tha mamufacture of pesticides and from the disposal of such commodities as cotton
gin trash ard other agricultural wastes ocontaining arsenical pesticide residues.

The EPA publication, Emission Factors for Trace Substances, (10) lists
the emission factcor for the production of pesticides as 10 kg As/kkg of arsenic
processed. This emission results from handling losses of arsenic trioxide as




it is transferred into reactor vessels. The 13,000 kkg of arsenic shipped to
pesticide producers in 1974 corresponds to a total emission of 130 kkg.

Pesticidal emissions occur during the application of sprays and dusts,
during the incineration of pesticide containers and agricultural waate, and as
a result of evaporation processes. The emission factor given in the National
Inventory of Sources and Enissims(g) is 168 kg As/kkg of arsenic applied as
pesticids. (The remainder of the applied pesticidal arsenic is assumed to be-
care firmly bound into the soil matrix.) Pesticidal emissions to the atmosphere
resulting fram the actual use of pesticides was on the order of 2184 kkg As in
1974.

Thue, in 1974, the latest year for which information is available, the
total atmospheric emissions due to pesticide use was about 2300 kkg. The re-
mainder of the 13,000 kkg used in pesticides in 1974 became either locked into
inscluble solid systeme (and is effectively removed from the environment) or
found its way into natural wabter systems; there is no informaticn available,
however, upon which to base estimates of the portion of pesticidal arsenic which
moves from the land into water systems; the range is probably on the order of
2 to 20 percent of the volume of pesticide used, i.e., between 260 and 2600
kkg.

Glass Manufacture
(10)

The EPA source gives the emission factor for arsenic in glass pro-
duction as 0.08 kg/kkg of glass produced; however, this is based on 1968 data,
and since then the amount of arsenic used in glass production has decreased.
The factor cited in the Wational Inventory is given in terms of the amount of
arsenic used -~ 116 kg/kkg of arsenic used. The amount of arsenic used in glaes
in 1974 was 1805 kkg. ¥ mhus, total atmospheric emissions in 1974 were on the
order of 210 kkg. It is umlikely that arsenic in glass would find its way into
the environment since it would be firmly fixed into the glass, except possibly
as a oonsequence of recycling operations, but data on the amounts of arsenical
glass recycled are not available.




Wood Preservatives

Atmospheric emissions resulting fram the manufacture of wood preserva-
tives is congidered negligible. With regard to the uses of arsenically-preserved
waood, however, it is reasonable to assume that after a sufficient period of time
(decades and, in some applications, centuries) detericration of the wood would
release the arsenic to the enviromment. Such release would be very slow since
the preservative compounds bind tightly to the wood fibers. The amcunt of
arsenic moving into the enviromment by this method is too siow to pose a pollution
hazard to alyr, water, or soil, and at the expected slow rate of release, con-
centration of soluble arsenic in adjacent s0il and water would be low enough for
the arsenic to become readily bound into insoluble species in soils and sediments.

Feed Mditives

The pollution potential of arsenical feed additives is similar to that
of pesticides in that arsenic is lost to the enviromment during both manufacture
and as a result of use; the excreta of arsenically-fed animals is used as ferti-
lizer, and since the arsenic in the feed additives passes “hrough the animals in
virtually the same amounts in which it is ingested, the arsenic eventually finds
its way to the land where it undergoes the same processes which act upen the
argsenical pesticides. However, whereas with peaticides a large portion of at-
rmospheric emissions during application results from dusting, misdirected spray,
volatilization, and so on, animal wastes are rot subject o these mechanisns, and
the arsenic contained in the excreta finds its way to the soll where it becomes
bourd into either insoluble so0il complexes or, if in a soluble form, is carried
into surface and ground water supplies. 2nimal excreta as a source of arsenic
pollution is negligible, however, as has been showm in one study where no in-
crease was found "in soil, water or forage after poultry litter containing from
15 to 20 ppm arsenic had been applied to land at a rate of 4 to 6 tons per acre

per year for 20 years".(sg)

With regard to the manufacture of feed additives, no emissions data are
availabple. Using half the emisgion factor for the manufacture of pesticides -—
i.e., 5 kg As/kkg of arsenic used — the 409 kkg of arsenic used in feed additives
in 1974 would have resulted in an atmospheric release of 2.04 kkg.
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Nonferrous Alloying

Tha National Inventory of Sources and Emigsions places the total atmos-
pheric emissions of arsenic due to nonferrous alloying in 1968 at about 1/4 kkg.
This is a negligible amount. In 1974 the amount of arsenic used in nonferrous
alloying was on the order of three times the amount used in 1968, thus, the total
emission would be on the order of 3/4 kkg, still a negligible amount.

A potential hazard might exist, however, in work envirarments where
arsenical metals are melted or joined by fusion, as in the so-called "burning
gtations” in battery factories. Lead parts of hatteries are fused together using

a patural-gas flame for heating (a hand-performed process), and overhaating could
lead to the production of arsenic fures, Specific data is not available.

Miscellanecus

The emissions factor for the miscellansous uses of arsenic is given
collectively as 2 kg/kkg of arscnic processed. (10) This factor is based on data
for 1968, and different minor uses of arsenic prevail today. For example,
arsaenical animal dips and paint pigments and additives are no longer used, and
the amount of inorganic arsenic used in such applications as leather tanning and
non-feed-additive pharmaceuticals is on the decline - if still used at all.
Electronics is probably the largest consumer of arsenic in the miscellanecus
category, but emissions data for this use is lacking., Assmuming that the major
atmospheric emissions occur during bandling and that the above emissions factor

applies, then the 317 to 330 kkg of arsenic in miscellansous uses in 1974 would
result in an emission of about 0.65 kkg.

Non-Argenical Alternatives
Pagticides

All pesticides are registered with EPA for use against specific pests
in specific situations (e.g., with specific crops or industrial uses). EPA's
Office of Pesticide Programs currently has a project underway to find alternatives
to arsenical pesticides. The problem is a difficult one since the factors to be
ocongidered include cost of alternatives, method and cost of application, soil pH,
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regional climate, status of alteynative (is it about to be barned or restricted?);
availability of alternmative, and possible side effects of alternatives on other-
wise beneficial species.

An exanple of the magnitude of this problem of specifying altermatives
is the case of lead arsenate as applied to apples. There are 15 apple pests
vhich lead arsenate is registered to control, Of these, the mmber of registered
altematives varies from none (applethorn skeletonizer, case bearers, and others)
to sixteen alternatives in the case of the codling moth. In addition to apples,
ten other fruit crops are registered, along with associated pests and the regis-
tered alternative for each pest. Vegetables and non-crop uses must also be
considered.

With regard to the vinyl fungicide 10,10'-0BPA, nonarsenical alternatives
are availaple, but there is some question as to their relative effectiveness.

Wood Pregervatives

The main alternatives to arsenical wood preservatives are creosote and
pentachlorophencl. These alternatives, being oils, are not adequate substitutes
in applications where aesthetics, discolaration, odor, or suitability for painting
are important. This limitation dictated by the intended use is the major reason
for the extensive use of arsenicals in lunber, timbers, ard plywood; as opposed
to the use of the preservative oils for poles, crossties, piling, etc. There
are non-arsenical and non-oll-base altematives: ACC (acid copper chromate) and
C2C (chromated zinc chloride). However, CZC is not recammended for use where
soil or water comtact is encountered; and the health hazards fran these alterma-
tives may be equal to or worse than from the arsenical wood preservatives,

The Office of Pesticide Programs has also compiled a tentative list of
registered altematives to the arsenical fungicides used as "industrial wood
preservatives”. The list is tentative because (1) some of the substitutes are of
limited availability ar are only in limited use, {2) economic factors have not
been taken into account, and (3) the alternatives might be more hazardous than
the argenicals.



Glass

Ceriun oxide can be used in place of arsenic trioxide as a glass de-
colorizer and fining agent, Sulfates and nitrates may be used (and are being
uwsead) in place of arsenicals in fining, though for some glasses (as in table-
ware and TV tubes) the aiternatives do mot give as satisfactory a result. ‘4%

With respect to laser windows, alternatives are available, e.q.,
GeyeSb, ,Se GezSSblzTeau. and the alkali halide materials (e.g., KC1) can
replace Geazhs]_;Sess. However, there are no alternatives for the unique prop-
erties afforded by arsenic trisulfide in certain glasses used as infraved lenses
and windows. (42)

Feed Additives

Alternatives to feed additives used to improve weight gain and feed
efficiency aré hormones and antibioticd. Hormones, however, are restricted
mainly to cattle bacause the withdrawal period prior to slaughter is too long
to make the use of homones profitable in poultry or swine.

Low level usa of antibiotics in poultry feed will improve weight gain
{2- to 3=percent improvement) and feed efficiency - though gererally not to the
same extent as will antibiotics in combination with arsenicals. Antibiotics
willalsopreventmﬂcontmlﬂnsmdisanespreventeda:ﬂmntmlledby
arsenicals. The controversy and possible hazard of long—berm use of antibiotic
feed additives centers on the potantial development of resistant strains of patho-
gens, It is possible for resistance factors to be tranamitted between bacterial
gspecies; it is even considered possible that a nonpathogenic bacteria could pass
a resistant gene to a pathogenic strain of the same bacterial type - the resultant
pathogenic and resistant strain, if affecting man, would ther not be amenable
to treatment using the antibiotic to which the resistance had been developed.
This problem is being studied by the FDA, and there is a movement to restrict
the use of antibiotics in feed additives to those antibiotics which would not
normaily be used to treat diaeaaesinpaople.(“'ss)

Since hormones are not and cannot be economically used in poultry (the
withdrawal period for hornones is too long to be of value in chickens -— they go
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to market only 7 weeks after hatching), and since antibiotics have potential
drawbacks, alternatives to arsenical feed additives are rot readily available.

In discussing the disadvantages of arsenical feed additives with a
feed-additive specialist at FIA, (46) the chief disadvantage cited was the 5-day
withdravml period required before slaughter « which required the produweer to
take the "positive action" of formulating a different feed mixture for those
animals about to be slaughtered, as opposed to those animals for which slaughter
is weeks away; arsenical feed additives are, for all practical purposes, not
stored in muscle tissuve.

An article in the British Medical Journal cites arsenical feed additives
as an alternative to antibiotics in the oontrol of piglet scour and turkey poult
morbidity. Antibiotics are said to have "practical difficulties, apart from
the risk of drug resis Y, The use of arsenical feed additives is seen as
an impetus to new studies of arsenic pharmacology. Arsenic in the livers of
arsenically~fed pigs is supposedly 80 low that one would have to eat 110 lbs.
of pork liver per day to ccnsume a dangerous level of arsenic, thouch such a diet
would present more chan just a potential arsenic problem, (66)

Nonferrous Alloying

For most applications of arsenic in lead, copper, and brass, similar
properties could be supplied by other materials, though increased cost would
likely be a concern., In the case of lead-acid batteries, an industry spokesman
stated that there are no known alternatives to arsenical lead in batteries at
this time, (61)

Electronics

Light Emitting Diodes (LEDs) are based on gallium arsenide compounds
for which there are no alternatives. However, LEDg themselves could be replaced
by gas-discharge digplays, incandenscent bulbe, and (soon to be available) liquid
crystal displays - none of which will supply the camplete complement of advantages

of LEDs suwh as ruggednees, low power recuirement, high visibility, and oom-
patability with semiconductor circuitry. (42)



Otheyr arsenical semiconductor uses are based ypon the specific electri-
cal and chemical properties of arsenic, and to the extent that thase properties
can be compromised, alternatives are available.“m



SECTION V
INDUSTRIAL SOURCES OF ARSENIC MOBILIZATION

The natural occurrence of arsenic in the earth's crust is 2 to 5 ppm, but
higher-than-average concentrations ocour in metallic ores of two types: in sulfide
deposits (associated with copper, lead, zinc, and other ores); and in sedimentary

depogits such as iyon ore, phosphate rock, horax ore, manganese ore, and foesil
fuels.

The very high temparatures associated with amelting of metallic ores
generally result in the release of a large portion of the naturally-ocourring
arsenic to the atmosphere. Both elemental arsenic and its common oxide, Aazo
are extremely volatile materials at common amelting temperatures: arsenic
sublimes at 613°C; A3203 sublimes appreciably at 135°C and fully at 315°C.

Three other factors, aside from the inharemt wolatility of As,0,, con-
tribute to the generally high losses of this material to the atmoephere:

1. ']heAs203 is slow to condense as hicher-tenperature flue gases
are coolad; a very long time is required for nmucleation and
growth of the particles. This phenomenon is the reason why
the cameraial process for As203 manufacture includes several
high=wsluma condensation chambers (called kitchens) arranged in
saries at successively lower temperatuves from 220°C in the
first to 100°C or less in the last, (2r22:24,37,38) . one
technology is used in the commercial manufacture of P205,
anly the "kitchens" are called "bams®.’”) rence, As,0, may
very well pass through baghouses and electrostatic precipitators
as a supersaturated vapor even if the temperature is below the
equilibrium sublimation temperature.

2, Dust collection devioss such as electrogtatic precipitators
and baghousas are routinely operated at elevated tevperatures
S0 a8 to stay well above the dew point of the flue gas. For
marry metallurgical operations such as roasting and sintering,
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the flue gases have a very high moisture content, necaessitating
high dust collection temperatures.

3. It is conmon practice in the nonferrous metals inctustry to re-
cycle collected flue dusts to the process until concentrations
of valuable metals build up to an econamically-processable level.
At each stage of recycle, ﬂnwzywlatilehszoahasmﬂxer
opportunity to escape collection.

Each segment of the nonferrous metals industry will be examinad to
determine the quantities of arsenic involved in the industry ard the fate of
this arsenic. The quantities of arsenic in camercially-developed sedimentary
deposits will alsc be investigated.

The Primary Zinc Industry

Table 2 lists the arsenic content of representative zinc concentrates
(camparable data for damestic concentrates were mot available). The average
ratio of arsenic to zine in these conoantrates is about 1,050 ppm.

The quantity of zinc produced from concentrates in the U.S. for the past
several years is listed in Table 3. The damestic slab zinc nroduction has been
decreasing in a rather dramatic fashion, primarily because foreign consumption
of ziric has grown rapidly. Since the U.S. always had to import ore concentrates
the domestic competitive position deteriorated as its share of demand decreased
and as foreign metal production capacity increased. Other major factors contri-
buted to the decline in U.S, zinc production. Older pyrametallurgical plants,
especially horizontal retort plants, are cloeing because they are labor-intensive,
because they have severe air polluticn problems, and because they camnot manu-
facture the high grades of zinc. Only two small U,S, horizoatal retort plants
are still in operation, and account for only 13 percant of the total U.S. pro-
duction capacity of 689,000 kkg/year. The two large pyrametallurgical plants
(one vertical retort plant and ane electrothermal plant} account far 48 percent
of the U.S. capacity, and the three electrolytic plants account for the remaining
39 percent.



Table 2

Arsenic Content of Zinc Concentrates

Source of Arsenic Content, | Zinc Content, | As/Zn,
Concentrate PEm Percent PEm Reference
Braken Hill, Australia 500 51.0 980 67¢
Broken Hill, Australia 700 53.7 1,300 67c
Broken Hill, Australia 1,170 52.1 2,240 67c
Broken Hill, Australia 610 52.9 1,150 61c
Valleyfield, Quebec 350 52.9 660 67b
Cartagena, Spain 200 49.3 410 67a
Cerro de Pasca, Peru 640 59.2 1,080 74a
Mt. Isa, Australia 350 50.4 700 T4a




Table 3

Primary Zinc Refined in the U.S., Metric Tons/Year

Sources: Bureau of Mines

(19, 70)

From Davestic From Inported

Year Concentrates Ooncentrates Total

1968 452,000 473,000 925,000
1969 416,000 527,000 943,000
1970 366,000 429,000 795,000
1971 366,000 329,000 695,000
1972 363,000 211,000 574,000
1973 311,000 160,000 491,000
1974 201,000 209,000 490,000




Two new electrolytic plants are either plamed or being constructed, and
the two remaining horizontal retort plants are being phased out. It appears that
the decline in damestic zinc production has been halted and possibly reversed.
For the purposes of this study, the 1973-74 production level of 490,000 kkg/year
will be used, with 290,000 kkg/year pyrometallurgical and 200,000 kkg/year
electrolytic. Based upon this lewel, the zinc omncentrates processed annmually
in the U.S. ocontain 520 kkg of arsenic. Refined zinc of all cammercial grades,
and cammercial zinc oxide (either Fremch or American proocess) . oontain no
appreciable (greater than 10 ppm) arsenic, 1°7574/@) orivalent to less than 5
metric tons per year.

In the primary zinc prooess, the arsenic in the zinc concentrate is largely
retaired through the roasting process, as indicated by data from both a miltiple-
hearth furnace and a rluid-bed furnace. (67a) In pyrometallurgical zinc smelters,
all of the arsenic remaining in the calcine (from the roaster) is wlatilized in
the sintering operation, with large losses to the atmosphere. At ope sintering
plant, the dusts collected in a baghouse contain 15.0 percent As,0;. 7% These
dusts are then processed for cadmium recovery; cne route involving buming of the
dusts which volatilizes more of the arsenic. Othar routes to cadmdum recovery
frem flue dusts involve oxidative leaching, in which ferrous sulfate is added to
precipitate the arsenic as ferric arsenate. This residue, nommally disposed of
on land, amounts to 1.8 kg per metric ton of pyrometallurgical zine produced, or
520 kkq/year, {7

Davis reported on air emission factor from pyrometallurgical zinc smelters
of 0.65 kg of arsenic per kkg of zinc produced. ?! Based upom a pyrometallurgical
2zinc production level of 290,000 kkg/year, the arsenic air emissions amount to
190 kkg/vear. Since the zinc concentrates processed pyrametsllurgically originally
contained 310 kkg/year of arsenic, the difference of 120 kkg/year may be assuned to
be in the residues sent to disposal. Although other solid wastes from the primary
zinc industry amunt to 1.50 kkg per kkg of zinc produced, (7> there should be no
appreciable arsenic in either the acid plant sludge (which arises from the roasting
operation, upstream of where the argenic is wlatilized) or in residues from re-
torting and Zn0 production (downstream of where the arsenic is wolatilized).
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In electrolytic zinc refineries, the arsenic in the calcine (the roasted
zinc concentrate) erds up in the residue from the acid leaching operation (which
dissolves the zinc). This residue ammts to 360 kg per metric ton of zinc pro-
duced; it oontains significant quantities of lead, copper and cadmium and is
shipped to a lead smeltar, (63698 7) mig regigue, amounting to 72,000 kkg/year
(dry basis), containg virtually all of the 210 kkg/year of arsenic originally in
the zinc concentrates which are vefined electrolytically, plus 8,100 kkg/vear of
lead (baged upon a ratio of lead to zinc of 0.0165 in zinc comcentrates).

The arsenic found in wastewaters from primary zine refining are sumarized
in Table 4. The resulting recomended effluent limstions 6% (30-Gay averages)
ware 8.0 x 1074 kg of arsenic per metric ton of zinc produced (1977) and
5.4 x 1079 kg of arsenic per metric ton of zinc produced (1983). These valuss are
equivalent to 0.4 kkg/year (1977) and 0.3 kkg/year (1983) of arsenic in wagte-
water effluents. No special control and treatment is required for arsenic,
over and above standard water use minimization and segreqation and lime-and-
settle treatments; and no control and treatment costs are directly attributable
to arsenic removal.

In sumary, the distribution of the arsenic originally in the zinc con-
centrates is as follows:

Loss to atmosphere, 190 kkg/year
Retained in zine products, 5 kkg/year
In land-destined wastes, 120 kkg/year
In wastewvater effluents, 0.4 kkg/year
In residues shipped to lead smelters, 210 kkg/year

Total 525 kkg/year

The Primary Iead Industry

As Table 5 indicates, the arsenic content of representative lead oon-
cehtrates varies from about €00 ppm to 1,500 ppm {comparable data for domestic




Table 4

Arsenic in Wastewaters from Zinc Smelting

Source: EPA

Arsenic,

Plant Cantributing Operations ka/kkg Zinc

B Roasting and Electrolysis <0.0001

D Roasting, Leaching, Electrolysis, 0.01

Casting

F Pyrolytic Smelting 0.0002

H Horizontal Retort 0.000004

B Acid Plant 0.003

B Metal Casting Cooling <0.00008

B Auxiliary Metal Reclamation 0.000017

B Auxiliary Metal Reclamation 0.011
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Table 5

Arsenic Gontent of Ised Concentrates

Soarce of Arsenic Cartent, Lead (nntexnt, As/Fb,
Conoardirate PR Percent PRl Paferenca
Broken Hill, Astralia 1,530 70.1 2,180 &lc
Brokoen Hill, Austyalia 1,200 74.0 1,620 67c
Broken Hill, Angtralia 1,111 75.9 1,470 &7
Broken Hill, Mastralia 570 75.8 750 67c
Carre de Pasca, Peru 600 43.7 1,370 T
Casapalca, Peru 800 61.7 1,300 FL -
Boliden, Sweden 200 74.9 1,070 T4c
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concentrates were not available). The average ratio of arsenic to lead in these
concentrates approximately 1,400 ppm, will be used to estimate the owerall
quantities of arsenic contained in lead condentrates.

Table € lists the quantity of lead produced from concentrates in the United
States for the past several years. The primary lead produced since 1970 has
bean relatively stable at about 610,000 kkg/year, implying that the quantity of
arsenic in these concentrates is 850 metric tons per year. An additional 210
metric tons of arsenic per year enters the primary lead industry via residues
fram the electrolytic zinc industry, so that the estimated total quantity of
arsenic entering the lead industry is 1,060 metric tons per year.

The refined lead product has specifications (ASTM B29-55) which limit the
total of arsenic, antimony, and tin to 20 ppm for undesilverized lead; and to
50 ppmt for dasilverized lesad. Hence, the final refinad lead contains no more
than about 20 kkg/year of arsenic. Hence, virtually all of the arsenic is re—
mwed in the smelting and refining process, in one or more of the following forms:

l. A omstituent in slags or sludges (as an arsenate)
2. A constituent in collected dusts and fumes (a8 MZO
3, An air emission pollutant (as As203)

3

In the smelting of lead concentrates, some arsenic is wolatilized in a
gintering operation, and same is removed via the slag from the lead blast furnace;
but mxh of the arsenic remaing with the lead in the base bullion product from
the blast furnace. (69

The base bullion passes through a drossing operation for copper removal.
A subsequent oxidation process with a fluxing agent (called a "softening” opera-
tion) removes the arsenic as well as antimony, tin, and residual copper from the
bullion as a calcium or sodium arsenats in a slag layer. The blast furnace and
lead refinery slags are sent to a zinc fuming furnace, but the stable arsenates
remain with the slag. Small quantitiea of arsenic remaining in the softened
lead are removed either via fire-refining (as a fums or a slag) or via electro-

lytic refining (as a sludge).
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Tabla 6

Primary lead Refined in the U.S., Matric 'Ibnaa.ear
Sources: Bureau of Mines'™ '

From Dorestic From Importad

Year Concantrates Concantratas Total

1968 316,000 107,000 423,000
1969 465,000 113,000 578,000
1970 479,000 126,000 605,000
1971 519,000 70,000 589,000
1972 537,000 93,000 630,000
1973 532,000 92,000 624,000
1974 526,000 82,000 608,000




Daviam and Am’exscn(lo), based upon material balance dgta, reported on

emisgion factor for lead mmelters of 0.4 kg per metric ton of lead. Based
upon an armual lead production of 610,000 metric toms, the arsenic lost to the
atmosphere is 240 kkg/year.

Arsenic was not found in any apprecisble quantity in the wastewaters from
primary lead smalters; the slag gramulation operation has a closed water loop,
and sludges fram wet scribbers are lime-treated (precipitating the arsenic) and
settlad prior to discharge. (6%0/75)

The solid wastes per metric ton of lead product amoant to 410 kg of slag
plus 40 kg of settled sludges (dry basis).‘’™ Based upon a production level of
610,000 kkg/yr; the solid wastes amount to 274,000 kkg/year. The remainder of
the arsenic entering the lead industyy, less the losees to the air and the quantity
retained in lead producta, amounts to 800 metric tons per year and reports in the
solid wastes fram the lead industry. An average concentration of arsenic in these
wastes of 0.29 percent is implied from this analysis; it compares favorably with
two separate valuss, both 0.2 percent, for the arsenic content of lead blast
fuxmoeslag.‘”b"’)

In summary, tte distribution of the arsenic originally in the lead con~
centrates (850 kkgAmar) and in residues from the zinc industvy (210 kkg/year)
is as follows:

Icas to atmosphere, 240 kkg/year
Retained in refined lead, 20 kkg/year

In land-destined waates, 800 kkg/year
Total 1,060 kkg/year

The Primary Copper Industry

Table 7 ligts tha quantities of domestic copper ore, and the copper in ore
concantratas processed in the United States during the past sevaral years; the
primary domestic copper production has averaged about 1.60 million metric tons
per year. Of interest is the average copper content of ores; first, the con-
centration is low compared to most other metallic minerals; and second, the
concentration is decreasing with time (i.e., poorer ores are being mined as time
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Table 7

Primary dggger in the U.S.
{18,70)
Sources: Bureau of Mines

Domestic Ores Mined from Ore Ooncentrates, kkg/yr |
From tic] From Foreign

Year Ore, kkg/yr | % Cu in Ore | Concantratas | Concentrates | Total

1968 154,200,000 0.60 1,054,000 251,000 1,305,000
1969 202,900,000 0.60 1,331,000 248,000 1,579,000
1970 233,800,000 0.59 1,380,000 221,000 1,601,000
1971 220,100,000 0.55 1,280,000 164,000 1,444,000
1972 242,000,000 0.55 1,524,000 175,000 1,699,000
1973 263,100,000 0.53 1,559,000 135,000 1,694,000
1974 - - 1,440,000 30,000 1,470,000




progressges). This latter trend has been continuing for quite same time; ores
mined in 1900 averaged 4 percant copper. The first U.S. porphyry ores mined in
the 1905-1915 period had 2 percent copper. The average ocopper oontent of domestic
ores in 1950 was 1 psrcent, and it is projected that the grade will decline to
0.25 percent by the year 2,000, (7%

The arsenic ontent of copper ores and conentrates is highly variable.
Ores from New Mexico and Arizona have mach lower arsenic concentrations than ores
from Montana., Data is extremely sparse, especially in recent years. A circa 1913
copper ore from Butte, Montana, contained 3.25 percent copper and 0.37 percent
arsenic {(a ratio of As/Cu of 0.114). (L) More recemtly, Butte ores have contained
0.6 percant copper and 0.1 parcent arsenic (As/cu = 0.17); 90" and Butte ore
concentrates hawe contained 26 perosnt copper”g) and 1.6 percent axaenic(zo)
for a ratio of As/Cu = 0.062. 1In 1963, a Colorado copper ore had a ratioc of
As/Cu of 0.0028.'% Also, in 1963, a copper concentrate from Highland Valley,
British Colunbia, assayed 41.54 percent ocopper and 0.012 percent arsenic (As/Cu =
0.0029).(80) In northexn Chile, copper ore assayed 0.054 percent arsenic, and
the copper concentrate contained 1.64 percent arsemic (As/Cu= o.os).‘z

The U.S. Bureau of Mines bases its astimate of domastic arsenic reserves,

1.72 million metric toms, upon its estimate of domestic copper reserves, 77.6
million metric tons. 7 An inferred ratio of arsenic to copper in copper ores
and concentratas is therefore 0.022, While the data for specific ores, quoted in
the previous paragraph, have As/Cu ratios highly divergent from 0.022, this value
will be used for the purposes of this study. Based upon a primary copper pro-
duction level of 1.60 million metric tons per year, it is estimated that 35,000
metric tons per year of arsenic acoompany the copper concantrates to the smelters.

Refined copper is manufactured to very stringent purity specifications,
since small quantities of impurities adwersely affect its electrical and mechanical
properties. Elactrolytic copper has a specification (AS™ B224) for 0.0l percent
maximm impurities other than oxygen; the specifications for deoxidized copper
and oxygen-free copper are equally demanding. Normally, electrolytically-refined
copper containg arsenic at levels reparted as 1 to 10 ppm, (2 and 4 to 11 ppm. (82
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Of the total copper production of 1.60 million kkg/year, approximataly 1,46
million kkg/year is electrolytic; (70} at an average arsenic concentration of

5 pom, the quantity of arsenic in the product oopper is about 7 kkg/year.
Ancther 80,000 kkg/year is five-refined casting copper,'’C) with a specifica-
tion of 75 ppm maximm arsenic aonbent.(zo) implying a maximum quantity of 6
kkg/year of arsenic. The remaining 60,000 kkg/year of copper is lake (elemental)
oopper, (70) not derived fraom conoentrates. Thare are three grades of lake
copper: Prime, which ocontains 25 ppm arsenic; Natural, which oontaina 200 to 600
pom arsenic; and Arsenical, with 600 to 5,000 pprm arsenic (primarily used in
makirgy arsemical copper allojs).(aa) At an average of 500 ppm, the total quantity
of arsenic in lake copper would be 30 kkg/ysar.

Of the total areenic in copper conocentratee, 35,000 kkg/yr, only about 13
kkg/yr remains in the refined coppar, the ramainder being removed in the smelting
and refining operations upon copper concentrates (which contain between 15 and 35
percent copper). Roastiig of copper concantrates is an optional first step.

Older plants built in the 1930's incorporated roasting since ore concentrators

at that time ware unsble to reach a sufficiently low level of iron sulfide; recent
advances in separation technology have made tha overall esulfur amtent of the
corxkentrate low enough tO bypass the roasting operation. An additional important
factor is the arsenic and antimony content of the concentrate; rvasting is often
required for their partial removal prior to smelting, (68:69¢,75,84)

Roasting is either accomplished in the older multiple-hearth units or in
fluidized beds, at temperatures approaching 1,000°C. ‘%8 A gignificant portion of
the arsenic is driven off; in a 1913 Anaconda roaster flue gas whaere the SCJ2
(plus 933) concentration was 2.82 percent, the As,0, concentration was 0.0073
percent., (87)

Either roastad or unroasted concentrates ave smelted in reverberatory
furnaces or blast furnaces at 1,100 to 1,650°C. (%889 me oducts are matte
(a copper and iron sulfide material, containing approximately 30 percent copper),
slag (oxides of iran, siliocon, calcium, and alunimm), and Soz-be.aring flua gas.
Of the total sulfur oontent of the concentrate (nominally 31.5 percent § and
27.5 percvent Cu), up to 20 percent is liberated during smelting in a reverbera-
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tory furnace. %) The 1913 Anaconda data for the reverberatory flue gas was 0.427
percent 302 Plus soa) and 0,0156 percent Aa203. (87) In one copper blast fur-
nace oparation, the dusts ocollected by a cyclone and then by a baghouse (down-
stremm of the cyclone) are:

Percent of Cu Content, | Az Content,
. Total Charge . Percent Percent

[ Cyclone Dusts 1.7 26.35 105
Baghouse Dusts 1.26 1,35 7.77

These data strongly indicate that much of the arsenic is vaporized during smelting.

The next step is converting the matte to blister copper by blowing with
air or oxygen in the presence of a silica flux. The iron is converted to an iron
silicate slag, the remaining sulfur is oxidized to 50,, and wolatile impurities
such as arsenic and lead are largely released. Then, the blister copper is fire-
refined to "anode" copper by further blowing with air; wore 802 is driven off, and
more iron, zinc, and tin are removed via a silicats slag. Finally, the anode copper
is electrolytically refined, removing almost all of the residual impurities.

Table 8 lists represantative arsenic lewels in the copper as it pro-
gresses in refining from the concentrate (vhich nominally has a ratio of As/Cu of
22,000 ppm}, to copper matta, to blister copper, to anode oopper, and finally to
the cathode copper product (which nominally has a ratio of As/Cu of 5 pan}. 'These
data show that the roasting and smelting operations remove spproximately 70 percent
of the arsenic from the copper, reducing the arsenic content from 22,000 ppm (2.2
percent) to 6,400 pmn (0.64 percent). 'The data of Table 8 indicate that the
arsenic contents of blister copper and ancde copper are approximately the same;
if a value of 900 gxm {0.09 percent) is taken, then 25 percemnt of the arsenic
originally in the copper concentrate is removed in the converter. The remaining
S percent of the original arsenic is virtually all removed by electrolytic re~
fining,

Slag from smelting jn reverberatory furnaces amounts to 3 metric tons per
netrictmofcopperproduaad.ﬂs) A oopper blast furmace slag assayed about



Table B

Arsenic Content of Copper in Various Stages of Refining

Blister
—§;3795*5§E%£§ffﬁ;gn Ref. nuyéiﬁ‘§:;1 Raflhnoégajgﬁfgiknt

74d 6,600 68, 69¢ 200 82,86 200
74d 6,900 68,69¢c | 1,000 82,86 100
74d 6,800 68,69¢ 350 82,86 40
74d 6,100 76 10 H2,86 60
744 6,700 6 370 82,86 | 1,500
B2 5,400 76 70 82,86 | 1,600
82 BO 82,86 | 3,200
82,86 2,300 82,86 | 1,900
82,8 | 100 82,86 500
82,86 100 82,8 | 1,000

82,86 200

82,86 | 1,000

82,86 | 1,500

82,86 4,000
Avg. 6,400 Avg. 800 Avg, 1,000
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0.04 percent arsenic, which amounted to 5 percent of the arsenic origiﬁally in

the concentrate; (74Q) assuning there ware 0.022 kkg of arsenic per kkg of copper
in the conoantrate, a slag guantity of 2.75 kkg per kkg copper produced is implied.
At another plant, 2.56 kkg of reverberatory slag plus 1.77 kkg of converter slag
are produced per metric ton of copper product. (%)  Hence, for each metric ton of
coppar produced, about 3 metric tons of slag are produced which contain 1.2 kilo-
grame of arsenic,

Of the 0.9 kg of arsenic per metric ton of coppar product which remain
in the anode copper, 0.22 kg are found in the slimes from the electrolysis cells,
and 0.68 ky are fond in the elactrolyte. ®?) e slines are filtered and the
electrolyts bleed is evaporated yielding a sludge; both streams together amount
to 3.0 kg (dry basis) per kkg of copper product’) and coutain the 0.9 kg of
arsenic, implying an srsenic concentration of 30 percent. These wastes are further
processed for precious metals recovery, and the arsenic evantually is dispoased of
on land 28 a slag resulting from smelting with a basic flux. 5%

The rav wastewaters from the primery ocoppexr industry are from four main
sowrces, and the quantities of arsenic are as follws:(sgc)

Slag Granulation Water, 0.19 kg As/kkg Cu Product
acid Plant Blowdown, 0.06
Centact Cooling Water, 0.00
Electrolytic Refining, 0.03
Total 0.28 kg As/kikg On Product

Control and treatment technology emphasizes recycle and reuse of these acidic
wastewaters, plus lime treatment (with ferric chloride flocculant) and sedimenta-
tion. One new treatmant facility will reduce the arsenic concentration of the
wastewaters from 9.4 mg/1 to 1.2 mg/1l; an existing facility shows no reduction
fram about 10 mg/1l, while a third shows a reduction from 0.85 rg/l1 to 0.73 mg/l1.
The recanmandad 1977 effluent limitation quidelines (30-day averages) are based
upon a concentration of 10 my/l arsenic in the effluent, equivalent to 0.02 kg of
arsenic per metric ton of copper product. Based upon a 90 percent reduction in
the quantity of wastewater, the recommended 1983 effluent limitations guideline
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calls for 0.002 kg of arsenic per metric ton of product copper. The estimated
ooate for ompliance (ot all attributeble to arsenic antrol ard tveatwent, of
Qourse) are:

1977 . 1983

Capital Costs $334,000 $1,581,000
Annual Oparating Costs $118,000 $§ 805,000

Thus far, of the original 22 kg of arsenic per metric ton of copper, only
2.4 kg have been accounted for: 1.2 kg in slag, 0.9 kg in slimes and sludges, and
0.3 kg in raw wastawaters, Hence, almost 20 kg of arsenic per kkg of copper are
in the flue gases from roasting and amelting and from converting. Since 70 percent
of the original arsenic, or 15.4 kg/kkg, is lost in roasting and smelting, and
aince 1.2 kg/kkg veports in the slag, the quantity of arsenic in the roasting and
smelting flue gases amounts to 14.2 kg/kkg. Similarly, the 25 percent of the
original arsenic leoet in converting, 5.5 kg/kkg, must be in the converter flue
gases.

It is important to note that the predominant loas of sulfur is opposite
to the loss of arsenic. The S/Cu ratic i= about 1.15 in the concentrate, about
0.80 in matte (after roasting and smelting), and about 0.15 in blister (after
converting). (58! while two-thirds of the arsenic is lost in roasting and smelting,
only one~third of the sulfur is lost in these steps. In the pasat, it was generxal
practice for byproduct sulfuric acid to be made fram converter gases, while roast-
ing and reverberatory gases are relsased to the atmosphere afiter particulate con-
trol.‘sgc) 'Ihasoz carcentration in roasting and reverbesratory gases is generally
too low for econamical 80, recovery. Recent air pollution requlations calling for
an overall 90 percent recowery of sulfur axides would require an additional capital
investment by the oopper industry estimated to be in excess of $250
millicn, (79¢84¢89.90,91,92) ny jncact of additional sulfur oxides contol has
bean to force process changes whereby roasting and smelting gases as well as con-
verter gages, are uwsed for acid manufacture.
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Since converter flue gases are predaminantly used for acid-making, the
5.5 kkg of arsenic in these gases should appear in the acid wasted from cold-gas
clmimoftmmzpriortocntalyttcmvmimtoso3. Hot gas cyclones and
hot electrostatic precipitators upstream of the cold-gas cleaning operation should
mtmmiabhmz%bwamofimmlmmm. The cold-gas
venturi scrubbers and packed towers, however, should be extremely effective in
renoving the acid-soluble As,0, %) The commercial sulfuric acid byproduct from
copper amalters contains no more than 0.5 ppm arsenic, verifying the effective
removal of arsenic, 198 the arsenic-containing scrubber ligquor may be treated
for removal of the arsenic (and other contaminants) with subsequent land disposal,
or it may be used as a waste acid in the copper mining operation as a leach liguor.
This latter route is thought to be more common; in this case, the arsenic is
eventually bound to the ore residues (as ferric arsenste). Por the purpose of
this analysis, this 8,800 kkg/year of arsenic will be thouyht of as arsenic dissi-
pated to land.

The flue gases from roasting arxd smelting are generally passed through
cyclonas, "balloon flues”, electrostatic precipitators, and baghouses, for partic-
ulate control. As was discussed previously, thase techniques have limited success
in aapturing As203. At ona copper blast furnace, the dust oollection system con-
sisted of bag filters downstream of cyclones., The cyclones captured B8 percent of
the arsenic in the flue gas, the bags captured 41 percent, while 51 percvent escaped
coliection, (740

The emission factor reparted by Davis(® and by andexson'l®’ is 3 kg of
arsenic per metric ton of copper product. Since the arsenic in the roasting and
smelting flue gases amounts to 14.2 kg per kkg, it is implied that 11.2 kg per
kkg are collected and that the collection efficiency is 79 percent.

These collected dusts are the source of commercial white arsenic in the
United States, produced solely be ASARCO at Tacoma, Washingtan. If all the dusts
collected at all of the copper smelters were shipped to ASARO)/Tacoma, the 11.2
kg of arsenic per metric ton of copper product multiplied by a copper production
level of 1.60 million metric tons per year would be equivalent to 17,900 metric
tons per year of arsenic or to 23,600 metric tons per year of As,O,. However,
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the ASARCO production level of white arsenic has been reported to be about 7,300
Kkg/r according to ane source 42 and about 33 Kkg/day (ar 11,000 Kkg A8,0,/yr)
according to another source. 99  he plant cepacity for producing white arsenic
at Taccma is on the ordar of 11,000 kkg/y'ear.“z) The difference between the
estimated flue dusts collected and the commercially-produced white arsenic is 12,600
kkey Avear ofAszoyorQ,GOO kkg/year of elemental arsenic, or 6.0 kg As/kkg of
copper produced. An explanation is that not all flua dusts collected at coppar
smelters are shipped to ASAROD; this is verified by the EPA estimate that within
the oopper industry flue dusts are deposited on land at a rate of 17 kg flue dust
par metric ton of copper produced. (> an ASARY0 apokesman‘™® has stated that
in 1974 the amount of white arsenic shipped from the Tacoma plant was about 16,400
Kkg, Sinco the capacity of the Tacama plant ig 11,000 kkg Rs.,0,/vear, tho excess
5,400 kkg must have come from ASARCD stockpiles,

In samary, the distribution of the arsenic originally in the copper concen~
trates (or native copper) is as follows:

In lake copper product 30 kkg/year
In fire-refined copper product 6 kkg/year
In electrolytic coppar product 7 Xkg/year
In slags to land disposal 1,900 kkq/year
In sludges to land disposal 1,500 kkg/year
In flue dusts to land disposal 9,600 kkg/year
In leach residues dissipated to land 8,800 kikg/year
In treated wustewaters 32 kkg/year
In alr emissions 4,800 kkg/year
In commercial white arsenic £,300 kkg/year

Total 35,000 kkg/year

Other Primary Nonferrous Metals

Arsenic, at concentrations significantly greater than the average crustal
concentyation of 2 to S ppm, ocowrs in sulfide ores of nonferrous metals other
than zinc, lead, and oopper. Among these are cres of gold, silver, mercury,
uranium, vanadiun, and antimony. Table 9 lists the U.S. production levels of these
metal orms.
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Very little data ig available on the arsenic oontent of these ares, or on
the fate of tho arsenic during the mining, milling, mmelting, and rafining opera-
tions. Arsenic occurs at 3 pearcent of antimony in antimony ores; it is recovered
(ard sold} via a sulfide precipitation atep in the hydramatallurgical $,0, pro-
cesgs. Arsenic did show up at appreciable concentrations in the raw waterborme

wastes from mining and milling operationss (72}
Source _ Arsenic Concentration in Rew Waste, mg/l

Gold Mines 0.03 - 0.08

Gold Mills 0.05 - 3.5

Silver Mills 0.07 - 3.5

Mercury Mills 6.02 - 0.38

Uranium Mines 0.01 - 0.03

Uranixm Mills 0.1 - 1.5

Vanadium Mills 0.35

Antimony Mills 0.23

Far the purposes of this study, a very rough estimate of the quantity
and fate of axsenic is based in part wpon the similarity of these minor nonferrous
metal ores and recovery prooesses to the lead-zince industry, and in part to the
data for antimony. It is assumed that the arsenic in ore concentrates is one
percent of tha quantity of each of the metals in Table 9; and that one~-third is
recovered as sulfides and sold as pigments, that ane~third is lost to the atmosphere
and that one-third is in land-destined wastas.

Based upon a total production level of 15,000 metrxic tons per ysar for
all of tha metals in Table 9, the arsemic involwed is 150 metric tons per year,
of which 50 kkg/year is recovered for commercial purposes.

Arsenic in Nonferrous Metal Products

The quantity of metallic arsenic used in 1974 for non-ferrcus alloying
is between 5401187 2,3 1,2405? metric tons. In addition, it wes previcusly
estimated that the quantities of new arsenic retained in refined primary metals
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Table 9
Othar Primary Non-Ferrous Metal Oreg Mined in the U.S.

‘Matrie Tons /Yeal of Metal Content

Sourcess Bureah of Mineg ‘™’

1970 1971 1972 1973 1974
Gold 54,1 46.6 45,1 36.7 34.9
8ilver 1,400 1,205 1,155 1,175 1,050
Mercury 941 616 253 75 59
Uranium 9,360 9,430 9,900 9,920 8,910
Vanadiuw | 4,830 4,760 4,420 3,970 -
Antimony | 1,025 930 443 494 544
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In Zine, 5 kkg/year

In Lake Copper, 30 kkg/year
In Fire-Refined Copper, 6 kkg/year
In Elsctrolytic Copper, 7 _kkg/year

Total, 68 kkg/year

Arsenic at one percent omcantratim“z) in lead shot amounts to 60 metric

tmaperyear.(”) 'Ihiaarae!ﬂ:c,usedtommmthesﬁnricityoftheleadslnt,
should be all new arsenic sinod no lead shot is recycled.

Argenic is also uzed at about 0.6 percent in lsad-tin bearing metals
bapbitts) . (42:60) 1 1971 and 1972, the quantity of lead consumed for bearing
metals was 14,600 metric tons per year;('0) aince the lead content of babbitt
metal is 83 percent, the arsenic quantity is approximately 175 metric tons per
year., However, babbitt metal is extensively recycled, with 12,500 kkg of lead
recovered in 1972 from babbitt metal scrap. \'?) By difference, only 2,100 kkg/year
of new lead is consued in bearing metals. Sinoe the melting point of lead
(326°C) and of babbitt metals (260-270°C) is low compared to the vaporization
tenperature of arsenic (613°C), little arsenic is lost in secondary lead kettle
refining, Henoes, sbout 150 kkg/vear of the arsenic is recycled, while 25 kkg/year
is new arsenic.

Antimonial lead (hard lead) is used primarily for the posts and grids of
lead-acid storage batteries, and for lead cable sheathing.6®) e arsenic con-
centration of such alloys ranges from 0.15 percent for arsenical lead, to no more .
than 0.5 percent for antimonial lead. 42¢8%) nn arsenic content of 0.25 percent
will be used for the purposes of this study. In the 1971-1972 time period, the
lead consumption ﬁarﬂnaepurpcaasuas:m')

Battery posts and grids 303,000 kkg/year containing 760 kkg As/yr
Cable cowering 45,000 kkg/year containing 110 kkg As/yr
Total 348,000 kkg/year containing 870 kkg As/yr

It is therefore inferred that 870 metric tons per year of arsenic is contained in
lead alloys for batteries and for cable oovering.
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Like babbitt metals, antimonial lead is extensively recycled. In 1972,
322,000 metric tons of lead was recovered from old antimonial lead scrap and old
cable convering scrap, 70 vhich mist have contained B80S kkg of arsenic (at 0.25
psrcent), Conversely, only 6,800 matric tons of primary antimonial lead was
mermgactured in 1972, 4} Antimonial lead is recovered in lead blast furnaces ' 2V,
mdm&ofﬂwammicaom@aniesﬂhleadﬂlmmmispmss.(z) Using the
air emission factor for lead smelters, 0.4 kg of arsenic per metric ton of lead; (0+10)
the oconcantration of arsenic in lead blast furnace slag, 0.2 percent; (74b,74c) and
the quantity of slag from secondary lead blast furnaces, 148,300 kkg/year; ("™ the
805 kg/year of arsenic is distributed as follows:

Losg to atmosphere 130 kkg/year
In slag to land disposal 300 kkgfyear
Retained in secondary lead (by difference} 375 kkg/year

The difference, then, between the 870 kkg/year of arsenic in lead alloys produced,
and the 375 kkg/yaar of aysenic retained in recycled lead, is 495 kkg/year of new
arsenic which must be added.

Argenic, at a concentration of (.03 pervent, is used in Admivalty brass
for oondenser and heat-exchanger tubing. (42,60,8L) qyyq alloy containg 71 percent
copper. In 1968, the copper demand for all industrial non—electrical machinery
was 250,000 metric tons; (17) if 10 percent of this is teken as an extreme estimate
of tha Admiralty brass production, the quantity of arsenic inwvolved would be 7.5
metric tons per year, A much more important use for arsenic-oontaining copper
is for automotive radiators, where a nominal 0.3 percent of arsenic is used. A
typical auto radiator weighing 6.6 kilograme contains 5.9 kilograms of oopper; (120)
at a production lavel of 10 million autos (and other wehicles) per year, 59,000
kkg/Ayear of copper containing 175 kkg/year of arsenic are consumad. Because of
the high value for scrap ocopper, virtually all auto radiators are recycled. In
1972,(:1; oonsumption of old unsweated auto radiators amomted to 67,000 metric
tons,

Auto radiator scrap is therefare the predaminant fomm of arsenic-bearing
scrap copper. This category of scrap is normally not processed in blast or cupola
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melting furnaces (which are used for lower-grade scrap, slags, and drogses), but
is fire-refined. 122) Tt was earlier shown in the discussion of the primary copper
industry that fire-refining removes little if any arsenic from elemental copper;
this is substantiated uwon theoretical grounds which show that arsenic in elemental
copper is most Aifficult to either oxidize or volatilize.®® pence, it may be
concludad that the arsenic in secondary copper remains with the product. Some

of this secondary refined product is later electrolytically refined (removing arsenic
and other impurities), and some is dirvectly used. Scrap segregation practices
are comuon in the seoondary ocopper induatry(nl'lzz) to meet product purity re-
quirements by careful blending of available scrap; it appears that some of the
arsenical copper scrap would be used in manufacturing arsenical oopper for new
auto radiators. A groes estimate is that of the 175 kkg/year of arsenic in
ocopper scrap, 75 kkg/year reports in new radiators (along with 100 kkg/year of

new veplacement arsenic), while 100 kkg/year is dissipated in other copper alloy
or is rawwed via electrolytic refining.

In sumary, the flow of arsenic in the nonferrous metals industry is
estimated as follows:

additions of New Arsenic

Retained in Primayy Zinc 5 kkg/year
Retained in Primary lead 20 kkg/year
Added to lead for Lead Shot 60 kkg/year
Added to lead for Bearing Metals 25 Kkg/year
Adad to Llead for Batteries, Cables 495 kkg/year
Retained in Primary Copper 43 kkg/year
Added to Copper for Admiralty Brass 7 kkg/year
Added to Copper for Autn Radiators 100 kkg/year

Total New Arsenic in Nonferrous Metals 700 kkg/vear
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01d Arsenic Recyeled via Secondary Metals

In Bearing Metals 150 kkg/year
In Battery and Cable Iead 375 kkg/fvear
In Auto Radiators _75 kkg/year
Total Old Arsenic in Nonferrous Metals 600 kkg/year

Arsenic Iosses 'in Nonferrous Metal Processing

Air Fmissions, Seocndary lLead Blast Furnaces 130 kkg/year

Land-Destined Slag, Secondary Lead Blast
Furnaces

300 _kkg/year
Total Arsenic Losses 430 kkg/yeoar
Arseriic Dissipated in Nanferrous Metals
By Difference, New Arsenic less Losses 325 kkg/year

An altemate nethod of accounting is by individual end items of alloys
containing arsenic (kkg/yr):

Argenic In Arsenic New Argenic Arsenic Lost
End Items End Ttems Reclaimad 2d43ed in Processing
Leafl Shot 60 0 60 0
1aad Bearings 175 150 25 0
lead Batteries 760 700 430 370
Iead Cables 110 105 €5 60
Total Lead Ttems | 1,105 955 580 430
Copper Radiators 175 75 100 0
Heat Exchangers 7 0 7 0
Total Copper Items 182 75 107 0
Total Pb & Cu Items | 1,287 1,030 687 430
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Phosphate Rock

Arsenic is a common trace constituent of phosphate rock, and ooccurs as
adscrbed in ions on colloidal iron oxide rather than as a substitute for phosphorus
in the fluworapatite. A gtatietical analysis of 51 commercial Florida pebble
phosghates indicated a direct linear corxelation betwean arsenic and iron in the
vock, with arsenic varying from 3 to 15 ppm at a ratio of As/Fe of 800 ppm. (2%
Reported values for the phosphorus, arsenic, and iron content of commercial
phosphate rocks are tabulated in Table 10.

Thesa data may be summarized by the following ratica:

PB/PZOS,
pan M/Pr P AS/FE, ppm
Florida Pebble, Rock 45 100 1,370
Tennessee Rock 82 190 1,370
Western Rock 230 520 7,900

The quantitiss of marketable phosphate rock in 1972, the oorresponding
quantities of arsemic in the reck and the hreakdown of phosphate and contained
arsenic by consumption patterms are shown in Table 1],

The arsenic in phosphate rock follows the phosphorus quantitatively,
whether the wet process for phosphoric acid (i.e., acddulation of the rock) or
the furnace process (reduction to elemental phosphorus) is followed. In Table 11,
the "non-agricultural” uses are those derived fram the furnace process. Arsenic
is intentionally removed from food-grade phosphoric acid by precipitation with
Nazs or NaBS followed by filtration; and arsenic ia removed in the manufacturing
processes for phosphorus pentasulfide phosphorus trichloride, and phosphorus
anychloride. (774123 1¢ {4 egtimated that the arsenic removed (and disposed of
on land) amounts to all of the 60 kkg/year associated with food-grade phosphoric
acid plus half of the 60 kkg/year associated with miscellaneous uses. Conversely,
all of the 293 kkg/year of arsenic associated with fertilizer, the 32 kkg/year
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Table 10
Arsenic {n Comwercial Phosphate Rock

P.O Fa.0 As.O
Ref. 245’ %3 2,3
Florida land pebble 13 30-36 0.7=2.6 10-50
12 5=30
124 22
124 9
Tennagsee brown rock 13 30-36 2.2-3.4 20-40
12 =75
Westarn rodk 13 27-36 0.5-2.1 10-150
12 6-140
124 €3~200
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Toble 11
Production, ‘Corversicn, and Consumpticn ‘of Phodphates

PO, Quantities, | Arsenic Quantities,
Metric Tons/Year | Metric Tons/Year

Florida Rock Produced 9,960,000 448
Used as Domestic Fertilizer - 5,450,000 245
Used for Animal Feed 350,000 16
Exparted 4,160,000 187
Termessee Rock Produced 510,000 42
For Nen-Agricultural Uses 510,000 42
Wastern Rock Produced 1,170,000 268
Used as Domastic Fertilizer 210,000 48
Used for Animal Feed 70,000 16
Exported 70,000 16
For Non-Agricultural Uses 820,000 188
’_———-—— ——p e —— —
Total Rock Produced 11,640,000 758
Total Used as Domestic Fertllizer 5,660,000 293
Total Used for Animal Feed 420,000 32
Total Exported 4,230,000 203
Total for Nom-Agricultural Uses 1,330,000 230
Used for Detergents 630,000 110
Used for Food Produocts 350,000 60
For Miscellansous Uses . 350,000 60




assoclated with animel feeds, the 110 kkg/year associated with detergents, and
the remaining 30 kkg/year associated with miscellanecus uses, remains with the
phosphate products and is dissipated with these products.

The consumption of fertilizers is expanding at a 5 to 7 percent growth

rate in North America: (123)
1965 3.6 million metric tons P205/yea.r
1970 5.0
1975 6.3
1980 8.0

Hence, the arsenic associated with phosphate fortilicers is expected to qrow to
410 metric tons per year by 1980,

Arsenic in household detergents and prescak: was measured at concentrations
ranging from 2 to 52 ppm, (126) The production of so lium tripolyphosphate for the
detergent industry has been cut back over the past soveral years because of the
enviromental concern over phosphorus in wastewaters.

Sludges from Mnicipd]l Sewage Treatment and Municipal Water Treatment

Same of the arsenic in domestic sewage conoentrates in the treatment plant
sludge, in a gimilar fashion as other metals. At onc secondary treatment plant,
the arsenic in the thickened waste sludge was at a concentration of 61.4 ug/l; at
an assumed 8 percent solids content, the sludge solids would have contained 0.75
pem arsenic. 427 1f the per capita dry slwdge solids quantity is 0,091 kilograms
per day, and if 120 million people are served by mmicipal sewage tveatment plants,
then the quantity of arsenic in sewage sludge is 3.0 metric tons per year, con-
tained in a dry sludge quantity of 4 million kkg/year.

The arsenic emission factor for sludge incineration is reported ax 0.01
kg par kkg of "sewage and sludge”. (10) Assuming a solids concentration of 20
percent in dewatered siudge (feed to an incinerator), the emission factor is
egquivalent to an arsenic concentration in dry sludge of 2 ppm, and it implies
that all of the arsenic is volatilized. Since about one-third of all sludge is
incinerated, one Xkg/year of arsenic is emitted to the air and 2 kkg/year is
applied to land.
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- It was also determined that mmicipal water treatment plants remowe arsenic.
Cold-lime softening removed 85 percent of the arsenic in raw water, from a raw
concentration of 3.1 ppb. 125 If the por capita water use is 200,000 liters per
year, or24xlolzlitarsparyaarfor120nﬂ.llimpa09h: then at a removal rate
of 2.7 vg/liter the quantity of arsenic in water treatment slwlge is 65 metric
tOngE par year.

Sulfur Depoeits
Based upon one reported value of less than 10 ppb of arsenic,(na) it is
apparent that Frasch process sulfur does not contain appreciable arsenic.

Borax and Boric Acid

While boron ig not an extremely rare element, few commercially attractive
deposits of boron minerals are known. It is estimated that about half of the
camercial world boron reserves, estimated at sbout 72 million tons of boron,
are 1n southetn Califorxnia as bedded deposits of borax (sodium borate) and cole—
manite {(calcium borate), or occur ag solutions of borom minerals in Searles Lake
brines. 'The United States is the largest producer of boron, supplying 71 percent
of the free world demand, and also the largest consumer, requiring sbout 36 per-
cent of the world output. The U.S. production of boron minerals and campourxis has
averaged 1.07 million metric tons per year in the 1972-1974 time period; the oorres-
pa'ﬂingqluntityofBzoaisSBO,OOOnBtricmparyear. Approximately 80 percent
of the U.8. production is from ares, and the remainder is from saline brines. (18:70)

The borate depogit in the Kramer district of Caiifornia is a large,
irrequiar mass of baddad crystalline sodium borates ranging fram 80 to sbout 1,000
feet in thidmess. Borax, locally called tincal, and kemnite are the principal
minerals. Shale beds containing colemanite and ulexite lie directly over and under
the sodium borate body.

United States Borax and Chemical corporation mines the ore by open-pit
methods. It is blended and crushed to produce a minus 3/4 inch feed of nearly con-
stant boric oxide (3203) oxmtent., Weak borax liguor from the refinery is mixed
with the crushed ore and heated nearly to boiling point in steam-jacketed tanks to
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dissolve the borax. The concentrated borax liquor goes to a series of thickeners,
is filtered and puwped to vacum crystallizers. One of the crystallizers pro-
dices borax pantahydrate, and the other produces borax dacahydrate. The penta-
hydrate is used for boric acid manufacture.

Arsenic is present as a sulfide (Realgar) in tha mine run ore and
associated shales. The occurrence is intermittent, and a given ore horizon can
vary from 0 to over 1,000 ppm of arsenic. The residue from the digested ore
amcants to 800 kg per metric ton of borax products, and oontains approximately 45
pem of arsenic. 123) on the basis of 860,000 metric tons per year of borax derived
from ore, the quantity of wastes is 690,000 kkg/year, and it contains 31 metric
tons per year of arsenic, These wastes are deposited in ponds, and covered with .
water to prevent blowing dust. Since there is no ground water in the remote Jesert
area, there is no likelihood of contamination derived from peroolation, Process
wastewaters are evaporated in ponds.

Sodium borates are also extracted from Searles Lake brines by Kerr-McGee
Corporation whose. primary products are soda ash, salt cake, and potash, Searles
ILake is a dry lake covering about 34 square miles in San Bernardino County,
California. Brines pumped fram beneath the crystallized surface of the lake are
Processed by carbonation, evaporation, and crystallization procedures, producing
an array of products including boron compounds.

The salt body is actually two deposits separated by a layer of mxds, and
each deposit ocontains brines of different compositions. However, hoth the upper
structure brine and the lower structure brine contain 8.05 pa:oentmahso4,
equivalent to 180 mg/1 clemental arsenic, 2% The total brine processed is about
12 x 10° liters per year, 12?) g that the contained arsenic is 2,160 metric tons |
per year. The depleted brines, plus added prooess waters, are returned to the !
lake; almost all of the arsenic in the brine extracted from the lake is directly
retumed to the lake in the depleted brine. The only arsenic extracted fram
the brines is that unintentionally carried as an impurity in the products of the
operation.
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Boric acic is made by acidulation of borax pentahydrate:
a8 07500 + F,80, = 1203 + Ma,50,

From the acidulator, the boric acid solution is fed to a vacuum crystallizer
whare boric acid crystals are formed, and then to a filter. The sodium sulfate is
removad in the filtvate, and the technical grade boric acid is dried and packaged.
The technical grada product can alsc be diverted upstream of the €inal drying step,
redissolvad, crystallized, filtered and dried to produce a higher purity product.
Soditﬁmlfateisam-pmducéuﬂmstofﬂhewastmarewabe:bome. The com-
binsd waste liquars from several filtration and centrifugation steps amount to
2,800 liters per metric ton of boric acid product, and contain 36 grame of
arsenic., The quantity of botax used as a resw material is 1.72 metric tons per
metric ton of boric acid product. *?3 Since the production volume of boric
acid is 110,200 metric ton of boric acid product, and contain 36 qrame of
borax is used for this purpose, and the raw wastewaters oontain 3.9 metric tons
per year of arsenic. At present, the arsenic-containing wastswaters are dis~-
charged, but the impact of effluent discharge limitations should cause arsenic
wastes to be dlverted to land disposal by 1977. (123

Furtharmore, 1if 1t is assumed that the arsenic in boric acid wastewaters
repregents all of the arsenic in the bhorax t=w material, then the oomcentration oF

arsenic in the borax is 21 ppm. Since the pesidus from borax manufacture amounts
to 900 kg per kkg of borax and contains 45 ppm of arsenic, then the matarial
balance of arsenic is as follows:

Total Arsenic Arsenic

Quantity, Concentration, Quantity,
Borax Ore Mined 1,550,000 32 49
Borax Product fram Ore 860,000 21 18
Residue from Ore 650,000 45 3
Borax Product from Brines 210,000 21 4
Total Barax Product 1,070,000 21 22
Borax Consumed for H3m3 150,000 21 4%
- Cthayr Borax Products 880,000 21 18
*this arsenic is subsequently a waterborne resicdual frmE[3m3nanufacture.
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Ircn Ore

Sedimantary iron ore has besn reported by 0.§,G.8. to contain 400 pxm
arsenic. 3 Arthough 1ittle shetantisting data has been found, this velus is
cansistant with the pattern of ooprecipitation of arsenic with hydwous iron oxides.
Fol example, the As/Fe ratio in Florida phosphate rock depogits was previously
shown to be 1,370 pon; applying this ratio to crude iren ore with an fron content
of 37 percent results in an extrapolated arsenic concentwation of 500 ppm in the

crde ore.

On the other hand, the vexy lack of substantiating data for tha conpen~
tration of arsenic in iron ore leads one to question the validity of this one ve—-
ported value of 400 pgi. In comparison, the phosphorus content is universally
roported; it has averaged 400 prm for Lake Swperioy cres in the 1970-1972 perfod. (70!
The wastewaters from iron mines and from iron ore procsssing have besn characterized
in texms of almost 20 constituents, without menticn of arsenic, (72}

Arsmucwas d:smmsadasand:mmutumtofirmominamitad

Natione survey: (131) "Arsenic in exoess of 0.1 percent ls uncommon in iron oves;
vwhen present, it is usually found in brown hamatites a8 arsencpyrites (Fehss),
losllingate (FeAs,) and scorodite (FWQ4-4H20}." Basad wpon the U.8.G.8. ad
the U.N. references, the arsenic content of iron ore will be assuwsd to he 400
P for the purposes of this study, although more effart should be expended in
verifying this concentration level.

For the past five years {1970 through 1974), the averags usable iron
ore statistics have besn an follm:(la"m

Production 84.6 million metric tons/year
Tpores for Consanption 43.0
Exports 3.1
Consumption, Total 134.5

Based won the above lewel of consumption of iron ore in blast Purnaces
. and ypon an arsenic omcentration of 400 ppm, the quantity of arsenic entering
the;!.S. blast furmaces is 54,000 metric tons per year.
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Argonic acts very much like phosphorus in the blast furnace; it is car-
plately reduced foming non—volatile iron arsenide (FeAs) and iron diarsenide
(Fea,), and reports in the pig iron. (138/332)  1n 1970 &5 1974, the average u.s.
Pig iron production was 83.0 million metric tons per yea.r,(ls"?o) so that the
54,000 metric tons per year of arsenic would result in a concentration of 650 ppm
(0,065 parcent) in pig iron.

Of this pig iron, 78.0 million metric tons per year was consumed in steel-
making, while 5.0 million kkg/vear was consured for cast ircn products (2.4 million
in cupolas and 2.6 million in direct castings). The arsenic retained in cast iron
would be 3,300 kkg/year. In the basic steelmaking processes using pig fron (basic
oxygen and basic open hearth) , moat of the arsenic as well as the chemically-
similar phosphorus is removed by the lime flux, and reports in the slag as calcim
arsenate, The phosphorus content of pig iron is in the range of 0.15 percent, while
the corresponding content in steel is 0.035 percant. ®® By analogy, it is assumed
that the arsenic content of pig iron, 0.065 percent, is reduced to 0.015 percent in
bagic steelmaking.

Sama of the arsenic loet in steelmaking would be in the steelmaking dusts
(as a consequance of entrainment of solids rather than as a raesult of wolatility).
In 1972, the basic cxygen proomss consured about 56 million kkg of pig iron while
the open hearth process consumed sbout 22 million kkg. (’?) 1he wncontrolled dust
emigsion factors are 25.5 kg/kkg steel produced for the basic oxygen fummace and
4.15 ka/kkg steel produced for the open hearth. 133 Moreover, the 1972 steel pro-
duction quantities wers 67.6 million kkg for the basic oxygen and 31.7 million
kkg for the open hearth, (0)

If it is assumed that the arsenic in the unomtrolled dust emissions is
at the same concentration level as it is in the steslmaking charge, the following -
may be derived for the steelmaking processes:
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Basic Oxygen | Open Hearth. | Total
Arsenic In Pig Iron, kkg/yx 36,400 14,300 50,700
Dust/Pig Iron, kkg/kkg 0.0308 0.00599 -
Arsenic In Dusts, kkg/yr 1,100 100 1,200
Arsenic In Slag, kkgAr 25,200 9,400 34,600
Arsenic In Steel, kky/yx 10,100 4,800 14,900
Total Dusts, kkg/yr 1,720,000 132,000 1,852,000

If a 99 percent dust oollection efficiency is assumed, then the collected dusts
would contain about 1,200 kkg/year of arsenic while the air emissions would om-
tain 12 kkg/year of arsenic. ‘

In past years, the collectsd dusts from steelmeking furnaces {(which
contain iron oxide) were sent to the sintering plants along with ore fines, ooke
breeze, limestone and recycled material from various mill processes. The purpose
of the sintering process is to form larger agglawrates from the fines for
recycle to the blast furnace. Howewver, the sintering operation has been under
recent attack because of its poor record of air pollution, and the recent trend
has beer™o dispose of furnace dusts as landfill rather than to recover the irmm
values by sintering and recycling. Little is presently known of the environmental
hazards of land-destined dusts containing arsenic, which of course inwlve much
rore arsenic than the arsenic emitted to the atmosphere.

The 2.4 million metric tons per year of plg iron which is used for cast
iron production via cupola and similar furnaces is augmented by 14.8 million metric
tons per year of scrap feed, for a production level of 17.2 million metric tons
per year. (703 EPA reports an arsenic uncontrolled emission factor for cast iron
production of 0.007 kg per metric ton of metal charged, t%) which implies a total
arsenic emission of 120 metric tons per year fram these sources. This amounts to
one percent of the arsenic in the metal charged (at 650 ppm), 11,200 kkg/year.
The smitted arsenic may be partially due to dust entraimment, and it may also be
due to wolatization of A5203 fram iron arsenite (the intemmediate stage of re—
Guction betwoen iron arsenate and iron arsenide). The arsenate and the arsenide
are both non-volatile, but the arsenite is volatile. 131 e high level of
arsenic in the cupola dusts, 0.7 percent, 19 suggests that volatility plays a
significant role.
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Of the wwontrolled emiseiotm of 120 kko/year of arsenic from cest iron
furnaces, an estimated 20 kkg/vear is relaased to the atmosphere, with the re~
maining 100 kkg/year collected and disposed of on land. The relatively low
collection efficiancy is based upon the implisd volatility of the apmenic emissions

The slag from stesl-making furnaces is widaly used, as the fallowing 1972
data indicate; (70)

Use Metric Tons/Yeay |
Railrond Ballast 1,200,000
Highway Base or Shoulders 3,240,000
Paved-ares Base 1,610,000
Migc. Base or Fill 1,750,000
Bituninous Mixes 510,000
Agricultural 100, 000
Other Usee 800,000

Iotal o 2.210.000

It should be enphasized that the estimate of the quantity of arsenic in
steel slag (34,600 metric tons per year) is a very rouch ons, indsed. In addition,
mmfmﬁmmdapaimdmﬂnpomnualfwarmicmmshginﬂn
uses typified by the sbove data.

Analyses of three typical manganess orea are as follows: -4

Brazil Brazil Maxdico
M, & 4] i 7
Fe, & a1 5.2 1.8
P, % 0.07 0.09 0.01
As, % 0.18 0.15 0.25

An average value of 0.20 percent arsenic will be used in this analysis.



All of the manganese ore (with 35 peroamt or more Mn) omnsumed in the
U.S. is imported, principally from Africa and Brazil. The U.S. government stock-
piles manganese ore, ard in recent years has relsased significant quantities to
industry. There is a sizable domestic production of manganiferous ore (5 to 35
percent Mn), The quantities inwolved are shown on Table 12. At an average level
of domestic industrial consumption of 2.0 million metric tons per year, the
quantity of arsenic involved is 4,000 metric tons per year.

The smelting of manganese ore to produce manganese ferrovalloys (ferro-
manganese, siliocovanganese, and spiegeleisen) is generally acoomplished in blast
furnaces or electric fumaces, with technology very similar to ivon and steel
manufacture. (17+335)  avthough little data is available on the fate of the arsenic
in the smelting of manganese ores, an analogy may be drawn to the transport of
the chemically-similar phosphorus: 60 percent of the phosphorus in the ore passes
into the ferroalloy, 30 parcent pagses into the slag and 10 percent escapes with
fumgm.(l?).’)) Since about 90 percent of the manganese ore is oconsumed in
ferroalloy production, the fats of the arsenic is estimated (by analcgy with

phosphorus) as follows:

consumad in irom ﬂ steel 2,160 kkg/year

In slag fram ferrcalloy furnaces 1,080 kkg/year
In oollectad dusts from furnaces 350 kkg/year
Air BEmissions from furnaces 10 kkq/year
Total 3,600 kkg/year

The vemaining manganese ore is used for meking carbon-zinc and alkaline
manganese dioxide dry cell primary batteries, and for use in the chemicals and
glass industries. In 1972, 208,900,000 alkali batteries were produced by seven
plants, with a total battery weight of 14,087 metric tons (an average of 67.3
grams pexr battery). Of the total battery weight, 27.4 percent is manganese
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Table 12

Manganese Ore Statistics

Mung%gsgé Ore, kk Mangani ferous
Ore Produoed,
Year Imported Releases Consumption Kkg/yr
1968 1,660,000 2,020,000 220,000
1969 1,780,000 1,980,000 390,000
1970 1,570,000 140,000 2,140,000 330,000
1971 1,740,000 110,000 1,950,000 180,000
1972 1,470,000 200,000 2,110,000 130,000
1973 1,370,000 170,000 1,940,000
1974 1,090,000 910,000 1,630,000
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dioodide, 138 inplying that 3,870 metric tons ‘of manganese dloxide were con-
sured in 1972, At an arsenic concentration of 0.2 percent, the quantity con-
tained is 7.75 kkg/year. Thase alkaline dry calls have found wide usage in
flashlights, camera equipment, battery-powered toys, radios, tape recorders, etc.;
since the alkaline cell yields an improved performance (at hicher cost) over
carben-zinc cells, particularly for heavy or continuous current drains.

The carbon-zinc batteries produced in 1972 amomted to 95,920 metric tons.
Manganese dioxide amounts to 61.5 percent of the battery weight, implying a oconsumgp-
tion of 58,900 metric tons per year of MnO .(136) 'IheMrﬂz is used as a depolarizer
in conjunction with ammonium chloride, zinc dhloride, and starch to fom the
electrolyte. The carben-zin¢ batteries are used for simlilar purposes as the
alkaline battery, although larger industrial carbon-zinc batteries are also
used. At an arsenic concantration of 0.2 percent, the guantity contained is

118 metric tons per year.

Hence, the total arsenic disgipated in primary batteries is 126 metric
tons per year. The remainder, approximataly 274 metric tons per year, is involved
with chemical-grade manganese ore, and is dissipated in products such as hydro-
quinone or potassium permanganate. It appears that virtually all 400 kkg/year
of arsenic in non-ferrcalloy manganese ore is diseipated in end products.

In addition to manganese ore reserves, the potential for large-scale re-
ocovery of manganese nodules on the deep ccean floors has attracted intense U.S,

and foreiqn attemtion. Ferromanganese nodules in the mouths of rivers and in
bays in Lake Michigan contain 200 to 500 ppm arsenic. a3n

Foesil Fuels

The average arsenic content of damestic coal has been reported to be
5.44 prm, Eastem oocals contain 10 ppm arsenic and western coals lp;m.(g) The
arsenic content of coal increases with increasing sulfur and iron pyrite content;
this cbservation is consistent with the sulfur contents of eastern (3 percent)
and westem (0.7 percent) coal,

(138)
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The U.S. bituninous coal statistics, including a projection for 1980,
in millions of matric tons per year, are: (18)

U.5. Consumption  U.S, Consumption

Year  Production. . Exports .. .. (total) {electric power)
1970 547 64 468 290
1971 501 51 449 299
1972 540 51 469 37
1973 537 48 505 351
1974 535 55 490 355
1980 812 (54) (758) 580

w

Based upon an annual cansumption of 450 million metric tons and wpon an
average arsenic content of 5.44 ppm, the arsenic associated with coal is 2,450
metric tons per year, In a study of coal-fired power plants, 73 percent of the
arsenic in the coal reported in the bottom ash and in the oollected fly ash,
while 27 percent (1.46 grame arsenic per metric ton of ooal burmed) was emitted
to the air after dust cnllectim.(g)

The data above also show that in 1974, 72 percent of the total coal
consumed was for elactric power generation. Of the remainder, 17 percent was
consuned by ocke plants, 11 percent by other manufacturing and mining industries,
and only 1 percent was delivered by retail dealers. ¥ mhe proportion for
elactric utilities is expected to increase by 1980, The coal omsumed by coke
plants is selectively the low-sulfur oocal, 80 by inference tha arsenic quantities
should be small. Applying the above emission factor to the total coal consunmption
should therefore be a reasonable procadure, The arsenic emitted to the atmosphere
iz estimated to be 650 metric tons per year; while the arsenic in bottom ash and in
collected fly ash, destined for land disposal, is estimated to be 1,800 metric
tons per year. The arsenic in the ash is, in general, partially mobilized into
the enviramment via dueting and via leaching.
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Of major importance in this estimate of arsenic emissions from coal is
the projected increases in coal utilization due to the energy situation., The
foregoing table lists the rather stable coal statlstics for the past five years,
but the 1980 projection reflects an annual growth rate of over 6 percent. The
impact is that the domestic oonsumption in 1980 is expected to be around 760
million metric tons. Hence, the arsenic quantity could be increased to about
4,100 metric tons per year (1,100 kkg/year in air emissions and 3,000 kkg/year
in land-destined wastes).

The growth of coal consumption is expected to continue well past 1980;
the U.S. recoversble reserves are estimated to be 394 billion metric tcons.

Mxh research is currently underway in developing coal conversion pro-
cessas (synthetic oil and synthetic low-and-high-Btu gas). The FPA is actiwvely
invegtigating the fate of the heavy metals in these conversion procasses. In one
preliminavy study (139) of a high~-Btu gasification process, starting with Pittsburgh
No. B8 ooal containing 9.6 pom of arsenic, 22 percent of the arsenic was volatilized
in the first stage (430°C and 1 atmosphere), an additional 25 percent in the second
stage (650°C and 74 atmospheres), and an additional 18 percent in the third stage
(1000 °C and 74 atmospheres), leaving 35 percent of the original arsenic in the
residue. As expectad, the more volatile trace elements (Cd, Hg, Fb, As, Se) wound
wp primarily in the product gas, while most of the less wlatile trace elements
(Cr, Ni, and V) ramained primarily in the residues.

A projected implementation of coal gasification is that by 1990 the U,S.
will have the capacity to process 220 million metric toms of coal per year, >
The above preliminary data indicating that two~thirds of the arsenic is volatilized
(and therefore would became air emissions upon combustion of the synthetic gas)
is the incentive for research to remove this arsenic.

The average arsenic content of foreign and domestic crude oils and of
residual oil was 0.14 ppm.(” At an average specific gravity for crude oil of
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0.85 kg/litexr, the volumetric arsenic concentration is 0.12 mg/liter, The total
domastic demand for petrolesm products is as follma:ua'm)

1970 0.853 x 1072 liters/year
1971 0.882
1972 0.951
1973 1.000
1974 0.982

Hence, the arsenic in consumed potroleum amounts to 120 metric tons per
year. In 1972, the consumption pattermn was as follows: (70)

Gasoline 39.2%
Jet Fual 6.4
Other Light Fuels 11.2
Distillate Fuel 0il 17.8
Residual Fuel 0il 15.5

Total Fuels 90.1%
Chemical Feedstocks 3.8
Agphalt, Foad 0il 1.9
Misc. Products 4.2

Total Non-Fuel 9.9%

Far the 90 percent of the total petroleum that is burned, all of the
arsenic is in the form of air emissions; this amoumts to 108 kkgAvear. The

remaining 12 kkg/year of arsenic may be azsumed to be dissipated in end products.

0il shale is projecbed to fill a small but significant fraction of the
U.S. energy demand: (140)

e = E——— e

Total U.S. mergy _ Oiljéhale Production/Yr Parcent of Demrand
Year | Demand, 10!® joules/yr | 10° Liters 0il | 10'® joules | filled by Dil Shale

1975 83 o 0 0
1980 98 16 0.6 0.6
1985 120 52 2.0 1.7
1990 140 . 70 2.7 1.9
1995 170 87 3.4 2.0
4.0 2.0

2000 200 105
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This projection is highly dependent, of oourse, upon the relative econamics of
oll shale vs. petroleum; water availahility ia a serious oonstraint. The arsenic
in oil shale has been reported to be at a level of 82 prm. Sinoe the expected
oll yecovery is about 140 liters per metric ton of oil shale, 10 ihe cuantities
of minad oil shale and of arsenic corresponding to the above projections of oil

production are:

01l Shale Mined, Arsenic In Oil Shale,
Year Million kkq/year kkg/year

1975 0 0

1980 115 9,000

1985 370 30,000

1990 500 41,000

1995 620 51,000

2000 750 62,000

The oll shale will be mined with underground mining methods, since the
amount of overburden is prohibitive for surface mining. It is anticipated that
the spent shale residue will be disposed of on land in 80-meter-deep piles. Once
shale has been retorted, the organic binding is destroyed and the rock loses its

and is easily crushed, thereby exposing soluble minerals to leaching
actions, (140)

It appears likely that while some of the arsenic would be in the re-
covared oil, process wastewaters, or process gases, most will prabably be retained
in the spent shale residue as non-volatile arsenates. Hence, the primary concern
over arsenic may be the possibility for erosion, leaching and ruoff, If slurry
transport of processed shale is employed, the mobilization of arsenic would be
acceleratad. In corder to protect surface and grownd waters, control measures
such as impermeable basin liners and surface revegetation would likely be employed.

It is alsc possible that any organic arsenic originally in the oil shale
would be wolatilized in reducing atmospheres in the retorts to arsine or to methyl
arsinas,
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Geothermal Energy

Geothaymal waters, such ag the watara of hot springs, contain much more
arssenic than the avarac: of ane ppb of nopmal fresh water., Extreme concentrations
up to 13,7 pom have been reparted for hot springs, ™9 and it has been considered
that hot springs and volcanic eshalations contributed much of the arsenic now pre-
smtinﬂnladimmuandsedhmtaryrod:sofﬁnear&t'scmst.(zz’ A report
of the composition of gecthemmal fluids from three locations mekes no mention
of arsenic, although 20 othar components were reported at concentrations in the
lOOppbrmge.uw) For the purposes of this study, arsenic concentrations of
10 pxb and of 1 pom will be investigated,

Gaotherma® energy (like oil ghale) is projected to fill a small but
significant fraotion of the U.S. energy demand: (140)

Brergy | Liquld Brought @ | Arsenic In Liqud, Kka/AT
Produced Surtace

Year | Billion KiAT | Million kkgAyr | At 10 pb At 1 pem

1975 4 8 0.08 8
1985 50 900 9 900
2000 | . 400 14,000 140 14,000

In the sbove tabulation, the factors used were 40 kilograme of liquid
per X for wet geothermal processes and 2 kg/WWH for dry processes.

Fainjection of the fluids into the subsurface geotharmal reservoir,
after the heat energy has been extracted, is the likely course that will be
followed., In this event, none of the arsenic in the fluld (regardless of its
concentration) should ba mobilized into the envirompent.
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SECTION VI

ARSENIC TOXICOLOGY

The medicinal potential of arsenic has been acclaimed for nearly 2500
years. Hippocrates (460 to 377 B.C.) is said to have treated ulcers and other
disorders with realgar (,Aazsz, arsenic sulfide). (27) The toxic properties of
arsenic have supposedly been known for at least 2000 years, and for the past
300 years, arsenic has found use as a poison for virtually all living things
including animals, plants, humans, intestinal parasites, and the bacteria as-
sociated with such diseases as syphilis and sleeping sickness. ®5 Arsenical
conpounds have, through the last few centuries, aocquired reputations as stima-
lants ard tonics; they have been oonsidered at times to be specific remedies
for anorexia, neuralgia, rheumtism, arthritis, asthma, chorea, malaria, tuber~
culosis, diabetes, and skin diseases. As recently as 1937, arsenical medicinals
accountad for about two-thirds of the 12-thousand organc-metal medicinals used
at that time, (27)

Pure metallic arsenic and arsenous sulfide have practically no towic
effect on plants or animals, probably because of their extremely low solubility
in both water and hody fluids. No toxic effects have been reported fram the
handling of elemental arsenic. ! The most toxic of the arsenical compounds is
arsine (Aaﬂa. hydrogen arsenite) and its methyl derivatives, mono~, di-, and
trimethyl arsine, all of which are gases having a characteristic garlic odor.
The toxicities of all other arsenical compounds £all between these extremes.
From the standpoint of chemistry and toxicology, the important compounds of
arsenic fall into three major categories:

1. Inorganic arsenicals - white arsenic (A5203) , arsenate
(As +5) salts, and arsenite (As +3) salts.

2. Organic arsenicals - the trivalent (As +3) arsenicals
generally have the greatest physiologic significance;
they may be mono—, di-, or trisubstituted; biological
action is a function of molecular structure.

3, GasBeous arsenic - arsine and the methyl derivatives of
arsine.



Tha National Institute for Ocoupational Safety and Health estimates
1.5-million American workers are potentially exposed to arsenic. This rumber
includes people working in arsenic and nonferrous metals (especially copper)
production as well as agricultural personnel exposed to arsenical agricultural
products (inclding insecticides, herbicides, fungicides, and feed additives).
Othar industries having axposure potential are glass manufacture, lead-acid

batbery marufacture, wood preservative production, and nonferrous a.'l.'l.oying.(g&

Expogure Standards

The current Occupational Safety and Health Administration standard for
atnospheric exposure to inorganic arsenic (defined by OSHA as arsenic and its
inorgenic ompounds, except arsine) is 0.5 rng/m3, averaged over an #-hour period.
The OSHA standands for leaad and calcium avsenates are listed separataly and are
0.15 and 1.0 mg/n’, respectively. The current standard for arsine is 0.2 mg/r’.,
These standards (except for arsine) are based on the 1968 ACGIH (American Con—
ference of Governmental Industrial Hygienista) list of Threshold Limit Values
for Chemical Stbstances and Physical Agents in the Vorkroom Envircmment. (87
The ACGIH standards were based on the controversial study by Dr. Sherman Pinto -
then redical director of the Zmerican Smelting and Refining (ASARCO) plant in
Taccme, Washington ~ where he concluded that no conclusive correlation exists
batween arsenic exposure and respiratory cancer. 98,99 pinto's gtudy is dis-
cussed below.

OSHA has recently proposed new guidelines for workplace exposure to in-
organic arsenic; the maximun exposure would be 0.004 mg/n> and an "action level
would be 0,002 my/m’. Workers must be provided with protective equipment at
levels above the lower limit. Exposure limit for a 15-minute period would be
.01 my/n’. (97,99

Standards for exposure to airborme inorganic arsenic campounds have
varied considerably over the past three decades. In 1943 the Mmerican Standards
Association recommended a level of 0.015 mg/m>. After WWIT the War Standard of
0.15 mg/n® wam used. In 1947 ACGIH adopted a meccim acceptable concentration
of 0.1 my/m’, but in 1948 this was raised to 0.5 my/iv> which is the value now




prevailing. In 1974, NIOSH proposed a new standard of 0.05 mg/m>, but after
Dow and Allied acknowledged studies indicating a posaihle link between exposure
to arsenic and higher than normal cancer rates, the standard was reduced to the
currently proposed levels stated ahoye.(gg'loo) The proposed new standards have
not been met with any enthusiasm by producers and users of imorganic arsenic. A
spokeaman for ASAROD has pointed out that the proposed new limit is 650 times
lower than for vinyl chioride {on a mg/m basis), and that though carcinogenicity
has been proven for vinyl chloride, it has not been proven for arsenic, (101
(NTOSH, on the other hand, is convinced arsenic is carcinogenic; this is dis~
cussed further below).

The United States Public Health Service has established a recammended
maxirum concentration of 10 ppb {0.010 mg/1l) and a maximum parmissible concentra—
tion of 50 ppb (0.050 mg/l) for arsenic in public drinking water; both of these
limits are well below the lowest reported concentration known to have resulted
in chronic poisoning - 0.21 mg/1. ">

Acute and Chronic Effects

Arsenic absorbed into mammalian bodies is excreted in the urine, feces,
skin, hair, and nails, and possibly trace amounts are released through the lungs.
Arsenic, even in low dosages, tends to bind to keratin in skin, hair, and nails;
keratin is a class of filrous proteins characterized by, among other qualities,
a high content of sulfur-containing amino acids. Arsenic bound to keratin is a
slow route of arsenic eliminatiaon - i.e., via releage of the metabolically dead
tissues; hair, skin, nails, Table 13 lists the "normal" arsanic content fior
various tissues and fluids of the human body.

The major route of arsenic elimination is urine. Arsenic can be de-
tectad in the urine of people with no known exposure to arsenic, apparently in-
gested in food (especially seafood) ar through other low-level envirommental
sources. The urine of workers exposed to arsenic may contain, and usually does
contain, much higher levels of arsenic, even though no other symptoms of exposure
may be apparent. Vallee, et al, cites the "normal" urine level of arsenic as
0.002 to 0.150 pem. 27} In the NIOSH document, Criteria for a Recommended

Standard ., . . Occupational Exposure to Inorganic Arsenic, reference is made
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TABLE 13

NORMAL ARSENIC QONTENT OF HEMAN TISSUES AND FLIIDS
(prm, unless otherwise specified)

Referonce
(27) (167} (29) _(4) (96] )
vhole Body 0.2 - 0.3 .
Urine 0.003 - 0,150 4-210 moxy/ 0.015 - 0.06 0.02 - 0.13 o ~ 0.1
24 hrs
BM 001 - 0064 0-03 - 0013 0.2 - 1.0 0.1
Nails 0.087 ~ 4,0
Hair 0.036 ~ 0.88 1.0




to a study of 756 urine specimens fram 29 people having no known exposure;
average level of conwentration was 0.08 mg/l with 79 parcent of the samples
being below 0.1 mg/l. The highest levels were 2.0, 1.1, and 0.42 mg/1, attri-
uted to seafood congumption. In another study of 26 adults and 17 children,
the average arsenic content of the urine was 0.014 my As/l. (96)

Seafood is generally considered the main source of arsenic for
"unexposed” pecple. In one test to establish the relation of seafocd to urine
arsenic levels, three subjects with pretest levels of 0.01, 0.05, and 0.3 mg
as/]1 were given lobster tail for lunch., Four hours later urine levels were
1.68, 1.40, and 0.78 mg As/]l, respectively. Ten hours after eating, urinary
levels were 1.02, 1.32, and 1.19 mg As/1, and after 24 hours the values were
0.39, 0.39, and 0.44 mg As/1. After 48 hours, the values were approaching the
pretest levels. ?6/109) map1e 14 1ists the arsenic content of various foods.

The excretion of inhaled arsenic has been studied experimentally, (¢
Eleven terminal iung cancer patients inhaled the radiocactive isotope As-74. .
Uptake and distribution were measured with a radiation counter. Within four ;}
days, the lung level of arsenic had decreased to only 20 to 30 percent of the '
initial lewvel, and thereafter the rate of disappearance tapered off slowly.
About 28 percent of the inhaled arsenic was released in the uwrine in the first
day., By the end of 10 days, urinary and fecal excretion of arsenic was approach-
ing zero, with 45 percent having been excreted in the urine and 2.5 percent in {‘
the feces. The remainder was assumed to have bean deposited in the body, exhaled,
or eliminated over a longer periad,

Interpretation of urine arsenic levels with regard to previous exposure
or to individual tolerance for arsenic is difficult. Urinary arsenic levels of
exposed workers vary widely and levels sbove 4.0 mg As/l have been reported
without apparent adverse effects; however, sigms of mild systemic poisoning
have been reported in a worker excreting only 0.76 mg As/l. It has been con-
cluded that, while no relationship can be dhown between urinary arsenic levels
and evidence of poisoning, urinary arsenic levels may well be used as a check
on the efficiency of control measures of arsenic in worker mvi.mrmts.uoo)
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Arsenic Centent of Various Poods

ool Arsenic Convent (ppm)
(g | @os)y*, (20t (5)* (119)*
m 0:1 -~ 15 . - 0.1 - 1.0
Kingfish .
Mollusce 1-g68
clu 0-0 - 2.9‘ 15.9
Oystmrs 0.0 - 400 16.0 3 6 =-45
(ot 1,0)
Sncked Oymtars 45,8
Crustacean 10-79
Crube 0.2 - 7.0 25.0 46
Lobaters 75 22.1 up to 200 7
fhrimp Shalls 15.3
Pork loins 0.06
Pork Kidney 0.0
Pork Liver 1.4 - 1.07
Stawing Beef 1.3
Chicken Bresst 0.0
Milk, evaparataed 0.17
Tas 0.89
Hubarh 0.48
Corn 0.11
Com 041 0.0
Cof fean 0.0
Wins Yesats as high as 150
to 180

Beker's Yeast w to 17

Lecithin 0.0

fed Rioce 1.8
Table Salt 2N
Buttar 0.07
Sugar 0.15
Lattucs 1.14
Cranges 0.22
Lamons 0.50
Rice and Vheat 0.95

Flouy

Apples 0.08 - 0.60
m 0.40 - 0060
Grapes 0.7% - 1.20
‘Raferences
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Acute Effects

Symptoms of acute poisoning may occur as scon as 30 minutes after in~
gestion. Major early manifestations are burning and dryness of the mouth and
throat, dysphagia, colicky abdominal pain, projectile vaniting, profuse diarrhea,
and hematuria. Shock develops as a result of dehydration. If the patient sur-
vives, the recovery may be conplicated by development of encephalitis, myelitis,
nephritis, or dermatitis. (27,%6)

The fatal dose of arsenic trioxide for man is 70 to 180 mg., although
toxicity may result fram much smaller amounts, Arsenical concentrations in
blood, urine, hair, and nails increase fram 10 to 100 times normal in instances
of acute poisoning. (27)  taple 15 is a sunary of toxicities of various common
arsenical ocorpounds.

Arsine is the most toxic compound of arsenic; 250 pom for 30 minutes has
been shown to0 be a fatal dosage, and 3 to 10 ppm can cause poisoning symptoms
in a few hours. Animals exposed for 3 hours a day to concentrations between
0.5 and 2 pm have been shown to develop "bloed changes" (unspecified) within a
period of several weeks, Typical arsine poisoning cases result in hamoglcbinuria,
jaurdice, and hemolytic anemia. Data on actual concentrations causing acute in-
toxication are lacking; however, post-event concentratiocns of 70 to 300 pgm,

5 ppm, and even as low as 0.5 ppm have been reported. Urine samples analyzed
at early stages of intoxication have contained arsenic concentratione ranging
fram 0.5 t0 2 mg/l with occasional higher values being reported. The recome-
mended Threshold Limiting Value for argine is 0.2 ng/me (0.063 pon} - less than
half the present limit of 0.5 mgy As/n> for other inorganic arsenicals, (104!

Argine is the most dangerous fomrm of arsenic and the most serious in
texms of industrial hazard. It has been referred to ae the most powerful hemo-
lytic poison found in industry. Clinically, the resultant illness has sometines
been referred to as “acid fume poisoning” or as “"toxic jaundice”. Arsine is
liberated whenever hydrogen is generated in the presence of arsenic; the elaement
may be a contaminant of either the metal or the acid used in the production of
hydrogen. Arsine evolution may also result from veduction of arseniocus or
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TARLE 15

TOXICITIES OF VARIOUS CRGANIC AND
INORGANIC ARSINICAL COMPOUNDS

-3}

b

MD*" - minimm lethal dose
iv. -~ intravencus

8.2, = puboutanaos

L.p. = intraperitonenl

~ lathal doge for S0 percent of test animals
= lethal doss for 100 paroent of test animals

135~

Test Subjects, Dose
Qorapourxd Hethod of Intoadcation {rg/kegy) Rafarence
DNORGANIC
Arsenic Acid ID,, oral, rats @-100 | (52
Ib,, oral, young rats 49 1108)
1D, oral, old rats 100 (103}
1D,, oral, rahbits 8 0%
Arsenic Pentoadde ms' i.v., ratbits | (109}
Arsanic Trioxide 1D, rats 138 (103}
m,: cral, rats 13 - {108)
LD, rats, mice B -5 {105)
b, ,, oral, man 1-25 {52} (110)
LD oxnl, man ~1.4 (1iL)
Caloium Arsonate LD,, (animal not. specified) 35 - 100 {52)
ID,, oral, rats %
Lead Arsenate 1D yan 10 - S0 {52)
ID,, oral, rata 100 {105)
Potaselum Arsenite 1D, oral, rats 14 (109}
Sodium Arsenats MD 1.p., rats 50 (103
Sodice Arsenite ID,, meemalian 10 - 50 {s2)
wL'i.p., rats 10 (109)
ID,, orel, rats y L3 {10%)
ORGANIC
Cacodylic Acid ID,, youw rats 830 {31) {179}
1D 8.¢., dogs 1000 (0
Monowodium Methanearscnic b, oral, rats 700 (102)
Disodium Metharsargonic ID' . oral, rats 3000 {1n3)
Caledum Acid b, 4000 {27
Mathoneaxrsonate
Arephenacing D,,, L., rats 100 {108)
Carbasone - wh oral, rats 510 {109}
{puridchemzensarsondo LD, oral, rats
Sodium Arsenilate ID s.C., mice 400 {199
Abkbreviations:



arsenic acid by means of nascent hydrogen, from electrolysis of arsenious solu-
tiong, and from the action of water or dilute acid upon metallic argenides.
Dangercus quantities may even appear from the action of atmospheric npisture
wgon arsenical-contaminated metallic sulfidea. (27}

Early sympbtoms of acute exposure include headache, anorexia, nausea,
vamiting, and paresthesia. Chronic exposure may be manifested by dyspnea on
exertion and palpitation resulting from the anemia. In large measure mortality
from arsine results from massive hamolysis. Survivors of acute arsine poisoning
usually regain a normal state after about two weeks, but residual ECG changes,
consisting of elevated T-waves in the procordial leads, have been reported to
persist for many monthe. If death occurs, it usually results from sudden heart
failure and pulmonary edema. At autopsy, the muoous menmbranes and serous surfaces
are found to be stained with hemoglobin, and myocardial and renal degenerative
changest have been cbearved. Arsenic tends to acoumilate in the liver (up to 15
ppm), but large anounts are also found in the lungs and kidneys. (27)

Chronic Effects

Palyneuritis and motor palsies may be the only wanifestations of chronic
exposure. As in lead intoxication, weakness is most likely to affect the lang
extensors of the fingers and toes. Arsenical neuritis is said to be more sym—
metrical, widespread, and painful than that seen with lead. Personality changes
may be included in the neurologic effects, along with headache, drowsiness,
memory loss, and confusion. Nerve biopsy specimens fram neurclogically affected
patients show degeneration. Chronic intoxication can also result in increased
salivation, hoarseness, cough, laryngitis, conjunctivitis, and abdominal pain.
Trophic skin changes with a purplish-red hue and amooth shiny finger tips are
frequently seen, (27!

The typical symptams of severe chronic arsenicalism include nausea,
vomiting, diarrhea, hot flashes, and progressive anxiety. Such symptoms might
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oontine intermittently. In ane study cited in the NIOSH Criteria Document, (36)

a worksr exposed to arsenic for several years experienced a gradual darkening
of the skin, and a thickening and scaling of the skin on the soles of the feet.
An almpst constant pain and feeling of pins and needles appeaxed first in the
feet and later in the hands. Muscular weakness became more apparent and the
extremities became muwb in a glove and atocking manner. By three years after
the first symptoms, the skin of the trunk had darkened markedly, and there had
bean a gradual loss of vision and increased pain, Attacks of the initial symp—
tame continued to occur three or four times annually for ten years, until the
patient was referred to specialists for management of severe heart failure ard
mscular dystrophy. At that time, abdominal acoumilation of fluid was evident
and severe ankle edema had developed. The patient was constipated except during
the episcdag of nausea and vomiting, when he had diarrhea. He was emaciated
and had a diffuse tan pigmentation over the trunk. The palms and soles were
hyperkeratotic and Mees lines were present on the nails. All sensory functions
were diminished toward the extremities. The patient could mot walk.

Urinary excretion of this patient was 0,140 mg/24 hours; the hair con-
tained 20.7 mg 28/100 g of hair. The white count was low (2,174) with a slight
increase in monocytes. Both the EPG and ECG were normal. In an effort to in-
crease wrinary excretion of arsenic, British Anti-lewisite (BAL) was administered
hut t0 no avajl. After 3 months of hospitalization, functional use of the hands
returned and the patient could walk with the aid of leg braces and crutches;
urinary arsenic excretion was aprwoximately 0.040 mg/24 hours. A follow-up at
one year rovwealed little, if any, improvement in the neurcpathy. Deep tendon
reflexes were still absent and there was no propriocoception beyond the kneas or
elbows. Pigrenta*ion was still mrkedbutthedermtitiacleamdcmpletely.(%)

In a study of six patients exhibiting chronic arsenicaliam, the sympbtoms
were, as abhove, nausea, vamiting, diarrhea, and peripheral neuropathy. In three
cases there was pigmentation, and in three cases there was hyperksratosis of the
palms and soles. However, in two cases neither hyperkeratosis nor hyperpigmen-
tation were cbeserved. Average urinary excretion was 1.87 mg As/l, with a range
of 0.348 to 3.46 mg As/1 of urine, Arsenic in the hair averaged 4.88 mg As/100 g
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of hair. Various blood abnormalities were evident such as white cell counts of
less than 1000 (in three of the cases) and, in three of four of the patients
exxmined, and improper production red cells in the bone marrow. However, blood
abrnommal ities dissppeared within several weeks.

Individual tolerance to arsenic intoxication varies oconsiderably. Cer-
tain persons have reportedly been able to tolerate doses as high as 20 mg of
potassium arsenate three times daily without exhibiting signs of toxicity. The
"arsenic eaters" of Europe are reported to ingest as much as 400 mg of arsenic
trioxide once or twice a week without developing sympboms; and they experience
mwiﬂﬂrmlsyrdrmae.(zn

aAn allergic type of contact dermatitis is frequently seen where vhite
arsenic ig hariled. This dermatitis may be eczematous, follicular, erythematous,
or even ulcerative in character. In heavily exposed workers, mucous membrane
irritation, rhinorrhea, conjunctivitis, pharyngitis, and laryngitis are seen as
direct results of exposure to arsenic dust and are preventable with proper pro-
tactive devices. Particulate matter absorbed into the nasal passages induces
inflammation and may result in ulceration and slough of cartilage leaving a 3-
to 8-mm punched-out area in the aq:tum.(z?)

Accidental poisoning of agricultural animals and wildlife by solid ar-
senicals is reported occasionally, and it produces clinical syndromes and patho-
logic findings analogous to those innlan.(27)

The NIOSH Criteria for a Recammended Standard . . . Oocupational
Exposure to Inorganic Ar:laerzj.c‘ggr makes reference to a 1945 study in which
medical records of workers in an arsphenamine plant were reviewed. Five types
of complaints were considered to be possible indicators of "“subclinical or
borderline arsenicalism”".

Hyperkeratogis - warts
crqcld.ng, chapped, dry, or thickened
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Gastrointestinal ~- upset stomach
nausea
vomiting
abdaminal pain
anorexia
Central Nervous System - headache
dizziness
fainting
Optic Nerve -~ blurring or dimimution of vision
spots before eyes

Peripharal Newropathy - shooting pains in extremities
mmness, tingling, sudden loss of
muscular power
Ancther symptom commonly assoclated with arsenicalism is hyperpigmenta-

tion. In one case cited in the NIOSH Criteria Document, 15 vinedressers and
cellarmen having symptome of chronic arsenicalism had vascular disorders in the
extremities, and "all had varying degrees of hyperpigmentation and all but 2 had
palmar and plantar keratoses". Cold hands or feet or both were ocommon to all and

apparently preceded the development of gangreme on the toes or fingers in 6 of
the15cues.(96

Electrocardiograms alsc show changes possibly associated with arsenic
exposure. In a case where 170 soldiers had been chronically exposed to arsenic
in their drinking water, electrocardiograms were prepared for 80 of the soldiers,
45 of whom displayed abnormalities. Six weeks after the first examination, re-
peat BOG's were abtained in 47 cases, and the abnormalities initially cheserved
were absent or reduced. In ancther study of 192 vinegrowers suffering from chronic
arsenicalism, 56 percent had normal BOG's, 15 percent showed deviation from the
normal, but not sufficiently deviant to qualify as evidence of definite heart
muecle damage, and 29 percent showed definite changes - however, of this portion
approximataly cne~third (19 out of 55 men) of the BCOG changes could also be at-
tributed to age, arteriosclerceis, or other disease. For abnormalities in the



ramaining two-thirds (36 men), no possible causes other than arsenic poisoning
could be detected. Follow-up examination showed a decrease in BOG abnormalities
in proportion to other symptoms of arsenic poisoning. Attempts have been made
to relate ECG changes to disturbances in serum electrolytes, but no relation
has been fourd; the changes are considered to be due to a toxic effect on the
l-nartnuscle.(%)

Cirrhosis of the liver has also been associated with chronic arsenic
exposure via prolonged use of Fowler's solution (a dilute solutiom of potassium
arsenite previously used as a treatment for leukemia and various skin diseases).
Use of Fowler's solution has also been linked with "generalized mottling and
bronzing of the skin, palmar and plantar hyperkeratoses, ascites, and marked
edema"”,

Among workers exposed to inorganic arsenic, especially as airborne dust,
the chronic symptans commonly found are perforation of the nasal septum, conjunc-
tivitig, and pharyngitis. There is reportedly a large degree of skin sensitivity
variation among arsenic workers; however, sensitivity of the skin to airborne
inorganic arsenicals ig very common in moist skin areas or in areas where rub-
hing or chafing of the skin chcurs such as areas around the eyes and wrists,
or in facial areas where a respirator is likely to rub against the skin. Blond
and fair-skinned people have been reported as being especially sensitive to
arsenically induced demmatitis.

In one study cited in the NIOSH Criteria Document, dust-in-air measure—
ments were considered of limited value in predicting skin reactions, as ware
levels of arsenic in urine; however, based on a stady of 127 patients, dermatitis
was cbeerved in 80 percent of those excreting 1 to 3 ng As/1l and in 100 percent
of those excreting more than 3 mg As/1. %®

The most controversial aspact of chronic arsenicalism is cancer and the
possibility that arsenic might be carcinogenic. Firndings of excess cancer deaths
among workers chronically exposed to airborme concentrations of various inorganic
arsenicals have implicated inorganic arsenic as an cccupational carcinogen. Re~
sults of a mmber of studles have especially shown arsenic trioxide, lead ar-
senate, calcium arsenate, and sodium arsenite to be suspect carcinogens.
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In 1963, Pinto and Bennett analyzed the causes of death of 229 copper
and areenic ameltar workers at ASARCO'e Tacoma plant, and on the basis of the
average urinary arsenic levels divided the workers into "exposad" and "non-
exposed” groups. Pinto and Bannett concluded that there was ro significant
difference in the rates of cancer fior the txwo groups. The findings in this
study became the basis for the present Federal standarde for inorganic arsenic
exposure after they were accepted by the American Conference of Govermmental
Industrial Hygienists, which until 1970 was the only organization setting stan-
dards for exposure to dusts and fumes in the workplace. With the passage of
the Occupational Safety and Health Act of 1970, Pinto's findings were still
used as the basis for the still-prevailing standard of 0.5 mg As/m° of air, %9
However, substantial controversy has came t0 swrround the Pinto study during
the last few years.

In a 1972 study by Milham and Strong, urinary arsenic levels of children
living near the Tacoma smelter were measured and correlated to the distance the
children lived from the Tacoma smalter. (102)

Blood lead and urinary arsenic levels of third-
and fourth-grade children at Ruston School (located about
300 yards fram the west border of the smelter complex) were
compared to thoee of similar students at another elementary
achool about 8 miles away. Blood lead levels were esgentially
the same for the two groupe of children, hut arsenic urinary
lavels ware considerably elevated among the Ruston children,

Bair specimen containers were sent home with children
at the end of the achool year and were returned over the summer.
Hair arsenic levels were vary high for Ruston children, averag-
ing over 50 ppm while the control school children averaged less
than 3 ppm.

A few weeks after the initial study, urines were sampled
along three dowrswind traverses starting at the smelter stack
and extending nearly 3 miles south and acuthwest. There was a
decline in urinary arsenic levels with distance from the stack.
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The findings of Milham and Strong suggest that Pinto's "nonexposed™
group, since they did indeed work within the smelter complex along with the
"exposed” group {who worked in the actual amelting operations, as opposed to
office operations where the "ntnexposed” group prevailed), probably had a sub-
stantial exposure to airborne arsenic trioxide dusts,

In 1969 Lee and Fraumeni %% studied the mortality statistics of white

male workers at the same ASARCO Tacoma plant for the years 1938 through 1963,
and compared the results to the expected mortality rates for the general popu-
lation of the state. "The emcesas of respiratory cancer was as high as eightfeld
among aemployees who worked more than 15 years and who were heavily exposed to
arsenic; it showed a gradient in proportion to the degree of exposure to arsenic
and sulfur dioxide, The findings support the hypothesis that inhaled arsemic
is a respiratory carcinogen in man, but an influence of sulfur dioxide or un-
identified chemicals, varying concomitantly with arsenic exposure, cannot be
discounted". Lee and Fraumeni also noted that "among the specific causes of
death, tuberculosis, respiratory cancer, diseases of the heart, and cirrhosis
of the liver showed a significant excess over expectation", based on mortality-
by-disease for the state as a whole. But, as they point out, it is difficult
toseparatetteeffectaofmtbimda@osmfoboﬂihsz%arﬂmz.

Animal experiments on the carcinogenicity of arsenic have generally
given negative results. Studies of the co-carcinogenic effects of arsenates
and arsenites with suwh materiale as cotton oil, urethana, and dimethyl-
benzanthracene have also been negative. 111193 pouever, in the sumer of 1974,
Dow Chemical Company and Allied Chemical Corporation acknowledged that workers
in their inorganic arsenic pesticide plants were dying of lung cancer at 7 times
the expected rate, and of lymph cancer at 6 times the expected rate. As a re-
sult, some officials in NIOSH are now comparing industrial exposure to arsenic
to that of vinyl chloride.®6'?®) some 15 copper, lead, and zinc emelters ship
their arsenic-containing flue dusts to the ASARCO plant at Tacoma where white
arsenic is produced. In total, about 40 different industries use white arsenic
in their manufacturing processes. (98)
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The carcinogenicity of arsenic has not been proven in animal studies.
Even in cambination with known carcinogens, animals espoged to various compounds
of arsenic in their drinking water showed no increase in cancer rate over that
expected for the non-arsenical carcinogen alone. However, the relation between
arsenic and cancer in huwans is considered by some to have been proven, especially
by studies of worker populations exposed to inorganic arsenicals. The proposed
standards for arsenic exposure cited in the NIOSH Criteria Document are based on
an assumad carcinogenicity of arsenic. The last two sentences of the Criteria
Document state that "because of the seriocusness of [cancer], prudence dictates
that the standard should be set at least as low as 0.05 mg As/m>. It is be-
lisved that esposure at this level should, at the minimum, significantly reduce
the incidence of arsenic-induced camer“.(%) The proposed etandards in the
1973 Criteria Docament have since been further reduced to 0.004 mg As/m with
an action level of 0.002 mg As/m>. In supporting the original proposed standard
of 0.05 mg As/m°, NIOSH cited as evidence of the carcinogensis of arsenic three
epidemiclogical atudies, two of which were made with respect to the ASARCD smelter
in Tacoma, Washington, while the other study was performed on workers in an
English sheep dip factory. One of the studies of the Tacama smelting ocomplex
and environs is the Lee and Fraumeni stuly where they states 193

Arsenic has been suspected by many investigators as
a carcinoyen in man, though there is no supporting evidence
from animal experiments. Skin cancer appears to be a definite
consequarve of arsenic exposure among individuals exposed to
inorganic arsenic in industrial dusts, medicinals, and drinking
water. Less convincing is the clinical evidence suggesting
that long-temm exposure to arsenic may give rise to cancer of
intarnal organs, notably the lung.

Lee and Frauremi also point out in their study, "the greatest excess of
respiratory cancer occwrred among amelter workers with high exposure to arsenic
mpm:l.edbylﬂ.ghormderateemosuretosoz. Although no studies implicate
Sozasacarcimgmjnmn, possibly this agent emhances the supposed carcino-
genic effect of arsenic or other substances. Fron laboratory experimetrts,
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inhalation of the known carcinogen benzola}pyrene, cambined with the irritant
Sozp:oduaadsquamuscellcarcﬁmsofﬂmlmginram.m:himlation

of the carcinogen alone did not produce tumors. . . Our findings are consistent
with the hypothesis that exposure +o high levels of Aszoa, perhaps in inter-
actjmwithmzormidmtifieddnnicals in the work enviromment, is responsible
for the excessive number of respiratory cancer deaths among amelter workers”.

In the NIOSH-cited atudy of the Fnglish sheep dip workers, 850, was ap-
parently not inwolved in the worker exposure, "but the cancer mortality of the
chemidal workars was significantly higher [than the control group]'. (36)

The latast proposed standards, still under consideration at this time,
are based on the belief that exposure to airborne concentrations of inorganic
arsenic campounds are "strongly implicated as a cause in occupational carcino-
genesis®. 77 qen epidemiological studies are cited by OSHA as the basis for
this strong implication. Six of the studies show evidence of excess lung cancer
mortalities among worker populations having had exposure to inorganic arsenic
canpounds. The authors of the other four studies concluded that there was no
significant excess of cancer mortalities among inorganic arsenic workers; how-
ever, in the analysis of three of these studies, both NIOSH and OSHA confirmed
that excess lung cancer mortalities were imvolved, but were not cbeerved due to
inadequate study designs. (No definitive conclusions could be assigned to the
fourth study.) "Most of the available studies, including the data submitted by
Dow ard Allied, do show significant excesses of lung cancer mortalities for work-
ers exposed to a variety of inorganic arsenic cmpomds".(g?) There is no evi~
dence implicating the ingestion of organic arsenic as a cause of cancer.

Mode of Action

Trivalent arsenic can chemically combine with the sulfhydryl groups;
such groupe are commonly found in proteins. Enzyme deactivation can thus result
from the affinity of arsenic for the sulfhydryl groups which enzymes contain. >
It has been demonstrated that trivalent arsenical toxicity can be reversed by
administering reduced thiol compounds, such as glutathione and cysteine. The
conbining of arsenicals with tissue proteins and enzymes has actually been
shown to be acoampanied by a loss of titratible sulfhydryl groups. It has also
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been shown that there may be a direct correlation between the mmber of sul-
fhydryl groups in an organism and its sensitivity to arsenical intoxcication. (47

Studies involving the mode of action of the arsenical war gas lewisite
have resulted in the determination of a large mmber of enzyme systems sensitive
to arsenicals. An excess of simple thiol protects a variety of biological sys—
tems againet the tcxic inhibition of both organic and inorganic arsenicals -~ but
not uniformly throughout an organiam; specifically a 200-percent monothiol ex-
cags fails to protect the cerebral pyruvate oxidase enzyme system fram lewisite,
although other enzyme systems are completely protected by amaller cancentrations.
Investigations of this problem determined that lewisite reacts with sone proteins
in such a way as to bind two thiol groups, forming a stable campourd not freely
reversible with monothiols. The protective action of various dithiol compounds
was therefore studied, and one compound, dimercaprol (2,3-dimercaptopropanol,
also known as British-Anti-Lewisite or BAL) was found to be an effective antidote,
etmmrpmtacdmofthepyrmtemddaaesystmofﬂmhzm.(ﬂ'ma

In addition to the affinity of trivalent arsenic for tissue sulfhydryl
groups, arsenic may interact with biologic systems through other means, Ar-
Senate or arsenite may conpete with or substitute for phosphate in certain
anzynnticraﬂct.ims.(zn

In animals a dlrect relation between toxicity and strength of binding
to tissues has been shown for a large series of phenyl arsenoxide conpounds.
Less firmly bound compounds are excreted more rapidly, and are less toxic at
oonparable levels of adninistration. At dosages producing equavalent toxicity
{e.q., msn) tryparsamide, phenyl arsenic acid, and phenyl arsenoxide result in
comparable tissue arsenic comcentration despite a 500-fold differemce in abeolute
amounts of arsenic administered. (27)

Avgenic s said to be a physiologic antagonist of iodine, The addition
of 0.02 percent arsenic to the diet of rats has been shown to more than double
their iodine vequirement.®® 2 high incidence of goiter and cretinism has been
rveported arong the so~called "arsenic eaters” of Eurcpe and among dwellers in
the endemic zones of arsenical intowication in the Cordcba province of Argentine. (%
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Arsenic is also an antagonist of gelenium. Agricultural animals ex-
posed to selenium toxicity through forage in seliniferous araas are ‘
by amall amounts of avsenic (5 to 10 ppm} in thair drinking water. 9% Tungsten
is the only other element known to provide such protection against selenium. 27

Inorganic arsenic does not cross the blood-brain barrier in humans, though
it may do so in some anthropoids. In man and rats arsenic is transferred across
the placenta. It appears in cows' milk, but not in rodent milk. 27

The major toxicity of arasine is duve to the hemolysis of the red blood
cells, but the exact reason for this effect is wnknown. It occurs ornly under
aarcbic conditions and involves only mature cells. Neither arsenic trioxide
nor arsenic pentoxide has this effect. Guinea pigs cronically exposed to arsine
(0.5 to 2 ppm) exhibit incressed red cell fragitity, levkopenia, and a rapid
fall of red cells to a stable level, roughly 80 percent of mormal. The toxicity
of arsine and its clearance fram the bodies of mica has been campared to that of
sodium arsenite; where arsenite is cleared exponentially from the animal with less
than 10 percent remaining after 24 bours, arsenic derived from arsine is cleared
nove slowly, with about 45 percent remaining after 24 hours. (27

Oxtidation Stata vs. Toxicity

Generally, but not invariably, inorganic arsenicals are more toxic than
organic, and trivalent arsenic is more toxic than pentavalent. Pentavalent ar-
senic, probably because of its lower affinity for thiol groups in protein struc-
tures, 3! i excreted faster than trivalent arsenic, though evidence of rapid
excretion of all arsenicals has been shown. Pentavalent arsenicals, "although
physiologically inactive in this form", rapidly penetrate all parts of the body,
including the central nervous system. They are excretad otherwise unchanged,
but some tissues can reduce amall amounts to trivalent arsencxides, which can then
damage otherwise inaccessible cells., (27,59) There is also evidence of in vivo
oxidation fram trivalent to pentavalent forms, (%6)  cited as a possible means of
natural detoxification.®) At least 15 strains of bacteria have been identified
which can oxidize trivalent arsenic (specifically sodium arsenite) to pentavalent
forme (arsenate); it is hypothesized that the bacteria somehow derive energy from
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the reaction, % Inorganic trivalent arsenicals are cited as being between
5109 43 605! ¢imes as toxic am pentavalent arsenicals in humans.

while arsenites are 10 to 60 times more toxic to human and animals than
arsenates, arli:nilevmmreixnd.ctlmmitea.(s) Methyl arsines are alsc
extremely toxic; trimethylarsine is the gas which was discovered in the end of
the last century to be the agent responsible for instances of mysterious deaths
reported in deamp hoes in Furope., The wolatile trimethylarsine gaz wes geing
produced by the action of mold and dampness upon the arsenical-containing wall-
papafpigcents.ts'27)

The characteristic garlic-like odor of arsine and its methyl derivatives
has been found in many industrial and agricultural settings, especially in metal-
finishing industries where arsenically contaminated reactions between acids and
metals take place. (27 Methyl arsines can only ocour as a result of micraobial
activity in both aercbic and anaercbic env:i.rmmts.(s'ms} Workers using caco~
dylic acid to control wegatation in forested areas have reported the charac-
teristic garlic odor, within as little as 48 hours after the thinning operation
and lasting for as much as three weeks. 1970 virtpally nothing is nown about
the stability of methyl arsines with respect to oxidation in air and water.'®
However, although trimethylarsine is considered insoluble in water, it is signi-
ficantly more soluble in hydvocarbons, which may account for its accumilation in
certain organisms. ®) paradoxically, arsenic in shrimp (probably as also in other
marine life forms) is probably in the form of trimethylarsine, and when oohsumed
by rats is excreted much more rapidly and is much less toxic than arsenic tri-
oxide; this implies that trimethylarsine in food is much less toxic than in air. (™

Organic vS. Inorganic Arsenicals

Methyl arsines are organic arsenicals but as such they are exceptions to
the general rule that organic forms are less toxic than inorganic forme; in fact,
ﬂnymutmdcumﬂqlatedarsim,my which, as has been pointed out,
is the most toxic arsenical compound. The general rule is that organic arsenicals
are between 10 and 100 times less toxic than inorganic arsenicals, 3>
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As pointed out above, the organic arsenical trimethylarsine, when eaten
in shrimp meat, is not retained in the bodies of rats; it is excreted in the
feces. Other organic arsenicals for which this is true are notably the four
feed additives used to improve feed efficiency and growth rate of poultry and
swine. These four aromatic arsenicals are arsanilic acid, 3-nitro-
4-hydroxyphanylarsonic acid, 4-nitrophenylarsonic acid, and p~ureidobenzenearsonic
acid. Table 16 lists the dosage levels and maximum allowable tissue levels for
the compourds.

The metabolism of ingested arsenic fram the arsenical feed additives
has been investigated by a mmber of researchers. Chickens excrete arsanilic
acid largely unchanged: there ie no evidence it i3 converted into any other
organic arsenical or to an inorganic form. Four-nitrophenylarsonic acid, how-
ever, is conwverted to arsanilic acid, and 3-nitro is partly converted to 3-amino-
4-hydroxyphenylarsonic acid, but there is no evidence it is convertad to an in-
organic form. In both poultry and swine, a high percentage of ingested arsenic
is excreted very rapidly. In a 5-day "balance trial" with growing sheep, 87
percent of all ingested arsenic was excreted., Tissue lewvels of arsenic in
arsenically-fed animals drop to well within the FDA-established tolerance levels
within the 5-day withdrawal pericd requirved before the animals go to slaughter.
In a study of arsenically~fed chickens - 50 pam of 3-nitxo for 70 days - tissue
levels of arsenic after 5- and 14-day withdrawal periodwereasfollown:(sg)

Tissue level after (ppm):
70 days 5-day 14-day
of feeding withdrawal withdrawal Controls FDA Tolerance
kidney  0.64 0,10 0.08 0.05 2.0
liver 1.26 0.43 0.19 0.08 2.0
nmiscle 0.04 0.01 0.02 0.02 0.5
skin 0.05 0.02 0.03 0.02 0.5
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TABLE 16

Maximmm Permissible Ievels of Arsenicals in Animal Feeds
and Maximun Peymissible levels of Arsenic in Animal Tissue (59

Compound Species Maxiruan Maocinm
Feexd Level Tissue Arsenic Lewel
Arsanilic Acid Poultry* 90g/ton (100 0.5 mg/kg fresh,
mg/kg) uncooked miscle
2.0 mg/kg fresh,
wmooaked by-
products
Swine 90g,/ton (100 0.5 mg/kg fresh muscle
mg/kg) and by-products
other than kidney
& liver
2.0 my/kg fresh,
meocked kidneys
liver
3-nitro-4- FPoultry 45g/ton (50 my/kg) Same as arsanilic acid
hydroxypheny) - Swine 68g/ton {75 my/kg) Same as arsanilic acid
arsanic acid
4—ni trophenyl- Turkeys 170g/ton (187 Same as arsanilic acid
arsonic acid my/kg)
Turkeys 340qg/ton (375 Same as arsanilic acid
arsanic acid mg/kg)

*Broilers, laying hens and turkeys.



SICTION VI
ASSESSMENT OF HEALTH HAZARD

Arsenic is the most well known of the toxic elements, but the magnitude
of its reputation as a poison exceeds its level of potential hazard to the
general population. The greatsest threat of arsenic to public health is in those
parts of the country where nonferrous smelting operations emit arsenic fumes
which cavse an overall increase in the local (up to 10 t0 15 miles) ervivormemtal
concentrations of arsenic.

Workers as well as people living in the vicinity of smeltering and re~
fining facilities are potentially affected and it is now generally conceded by
industrial producers and users of arsenic compounds that arsenic stimilates a
higher incidence of cancer than is found in the genaral pqxﬂ.atim.(gg'llz)

The atrospheric concantration of arsenic in the area near cne smelting
facility averages 2.3 ug/m> over a 24-hour period, which is greater than the new
pmpoaad(ﬂﬂstarﬂardonug/ma for an 8-hour period in the workroom environ-
ment. mz.aug/mSe:qnsurecurmspmﬂsboanalmlpnmxmryabﬂoxptimrate
(baaedm20m3ofairhreatheddaily,mﬂanasmloo-parcentaaaorptionof
the entrained arsenic) of 16.8 mg for each adult in the local population, to
which is added, of course, the exposure fram other scurces such as food or water
which may have been contaminated by local high concentrations of arsenic,

The current worker expomwe standard is 0.5 mg/m°, which correspands to
an annoal pulmonary abeorption of 3650 mg - more than 20 times the single lethal
dose level of arsenic in the form of arsenic trioxide. At this current exposure
level workers are experiencing increased rates of cancer.

Cancer is the bioggest issue facing arsenic-deperdent industries during
the last decade. The carcinogenicity of arsenic has been an active matter of
debate for more than half a century, and though industry is beginning to acknow-
ledge the findings of independent researchers showing that arsenic-—esposed workers
face MImmrin,wg'ln) the debate continues, largely because
animal studies have not shown a relationship between arsenic and cancer. The
premise of the proposed new OSHA standards for workroom concentrations of arsenic
is that arsenic isacarci:ngen.‘gs’g-”
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At the current levels of exposure, msome workars exparienocs dermatitis
on the moist areas of their akin and in areas where chafing of the skin is ocom
mon, such as the point of contact between face masks and the face. The tissues
of the lung are constantly noist and they present a large surface area to arsenic-
laden air. Arsenic in amelter polluted air is in the trioxide form, one of the
most toxic of the inorganic arsemical oampounds, and, because it is txivalent, it
presents those hazards especially associated with the affinity of trivalent ar-
senical cavwpounds Yor sulfur-containing proteins. The moist condition of the
lung seems tajlored to gptimization of the toxic hazard of trivalent arsemic tri-
oxide to the dalicate lung tissuves.

Local populations and workers are also exposed to arsenic in higher than
natural concentrations in areas adjacent to industries producing arsenical pesti-
cides and othar products out of powdered arsenical raw materials which are sub-
ject to dusting and beooming airborne; but the geographic area of exposure is
estimated as being 2 to 3 orders of magnitude leas hazardous (in both geographic
axtent and atmospharic concentration) than areas adjacent to nonferrous smelting
and refining facilities. '

Paersons living or working in areas where cotton is ginned face a possi-
ble exposure hazard from the airborne arsenical dusts generated by the ginning
process., Incineration of cotton gin trash also releases arsenic to the local
enviroment, though again, the amount is small in comparison to that released by
amelting operations.?) (There are approximately 3000 ginning facilities in the
U.5., versus about 50 smelting and refining facilities.) '

For the general population, the sources of arsenic exposure are mainly
food and drinking water, neither of which presents a hazard. The arsenic content
of seafood is higher than that of other foods but the arsenic is apparently of a
foxrm that is rapidly excreted via the kidneys.

A large portion of the population faces potential exposure through the
uwee of arsenical pesticides, especially in the Texas-Oklahome area whare arsenic
acid is widely used to desiccate cotton prior to machine harvesting ("stripping).
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This level of exposure is approximately equivalent to that of city dwellers
living in the range of fallout from oocal-burning power plants.(gj (In one study
of arsenic pollution from coal combustion, it was calculated that a “ptandard
nan"mﬂ.dbraaﬂiabouto.Sngofarsuﬂcgerm{zﬂ -~ less than one one-
himndreth of the amount necessary to produce a miniram single-doee toudc effect.)

Though arsenic has the reputation of being a cumilative poison, the
huaman body does have mechaniams for controlling the body burden at moderate dose
levels. Inorganic arsenic (trivalent) accumilates about 20 times as rapidly
as arsenic which has been incorporated into such food organisms as shrimp,
chicken, or swine. Arsenic is removed fram the body mainly through the kidneys.
If the dosage level is on the order of that experienced by smalter workers, then
urine remains the main mode of arsenic loss, but the skin, hair, and nails ac~
cuniiate excess arsenic which is eventually lost during normal tissue growth and
replaceament processed. There ig some evidence of lorg~terwm storage in bones,
but in no way does arsenic campare to such a material as cadmium which progres-
sively accumulates in the kidneys, with virtually zero loss.

Arsenic has been campared to mercury as a water pollutant; both are
subject to microbially-mediated chemical cycles involving methylation. But
unlike methyl-mercury which is absorbed readily at progressively increased con-
centrations up the food chain, arsenic does not undergo such a biomagnification.
Algo, as mentioned above, arsenic in food organiams, even in high concentrations,
does 1ot present any health threat yet identified, (5+39,116)

The remainder of this section discusses in greater depth the health
implications of arsenic in air, water, and food, and the methods by which, and
scurces from which, arsenic gets into these three important conmmables. A
discusaion of soil-pesticide interactions and of crup uptake is also included.

Arpenic in the Air

Arsenic pollution of the air derives largely fram three sources: Non-
ferrous metals amelting, coal conbustican, and cotton trash incineration. Lesser
sources include industrial operations where arsenical dusts are agitated into

atrospheric suspension, anissions from pesticide applicationa (including evaporaticn
procesges) , and emissions framn the incineration of pesticide containers.
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Atrospharic emissions of areenic from agricultural operations are
probebly resporaible for the largest geographic distribution of arsenic in the
United States. However, coal, because it ie used so widely as the energy source
for many urban electric power plants, probably provides the largest population
distribution of arsenic. The other emisaion sources, nonferrous smelting and
ootton trash incinaration, are largely local problems.

Pasticidan

In agricultwre, spray applications of arsenical pesticides and herbi-
zides may produce potentially hazardous exposure for nearky parsonmel - workers
as well as local populations. This is especially true in parts of the country
where machine-gtripped cotton is grown, as in Texas and Oklahama. Arsenical
harbicides control weeds in the early part of the crop growth and arsenical
dégicoants and defoliants are used to prepare the cotton plant for harvesting.
Arsenically-desiccated cotton is grown almost emclusively in the Texas-Oklahoma
region. Arsenically-defoliated cotton is grown largely in the 11 other cotton-
producing states. ’

The National Dnventory of Sources and Bnissions: Arsenic - 1968'%
astimtes that in 1968 the total atmospheric emissions of arsenic due to pesti-
cides was 2973 kkg, including 17 kkg from cotton gins and 296 kkg from the in-
cirmration of cotton gin trash. The amount of arsenic used in pesticides bas not
changed very muxch in total awount since 1968, The increased use of arsenic acid
in the prehmvest desiccation of cotton matches closely with the decreased ume
of arsenic in other agricultural uses. The emissionsg factor given in the National
Inventory for the burning of ootton gin trash is 7.7 kg/1000 bales of cotton
ginnad. FPor the 10,857,000 bales gimmed in 1968 the amount of arsenic emitted
amounted to about 84 kkg. The paak year for cotton production was 1972 when 13
million bales were produced; in 1974 the amount of cotton was 11.5 million bales,
and the sverage anmwal production between 1968 and 1974 was 11.2 million bales.
Thus, on tha basis of cotton production alone, the amount of arsenic emissions
fram ginning and incineration of cotton trash would not have changed very much
between 1968 and the present. However, the portion of cotton upon which arseni-
cals were used has increased; arsenic acid produwtion has increased by a factor
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of about 5 on the same interval, but its use is restricted to the Texas-Oklahoma
area where the type of cotton grown (acocounting for about 40 percent of total
production) ‘1% requires desiccation prior to harvesting. A reascmable factor
of increase of overall arsenic use in cotton production would be 2, and assuning
no increase in emiseions control from cotbon giming and trash incineratiom, the
amount of arsenic emitted to local populations living near gimming facilities
would be about twice the figures established in the National Inmventory for 1968.
{Methanearsonates are used as selective herbicides throughout a lexrge portion of
the entire cotton industry, and cacodylic acid is the defoliant most widely used
as a cotton harvest and in states other than Texas and Cklahoma.)

There are approximately 3000 ginning facilities distributed throughout
the southern and eastern states. The largast muber of bales processed at any
one facility is about 10,000, correapording to a potential local amission (based
on twice the emission factor given in the National Inventory) of 32 kg. Emissions
due to the incineration of gin trash (again, basad on tirlce the National Inventory
emission factor of 17 1lb As/1000 bales ginned) would be, for a 10,000-bale facility,
155 kg, assuming no emission controls.

With regard to emissjions due to other arsenical pesticides, the total

amount of pesticides used anmually has not changed very mach and the National
Inventory figure of total emissions of about 3 kkg would still apply.

Coal

The National Inyentary gives the. average arsenic oontent of Ameriran
onal as 5.44 ppm — ranging from a high for eastern coal of 9.35 ppm to a low of
1.18 pom for coal from the westem states, Approstimately 450 million metric

tons of coal per year have been consumed, (18) implying that 2,450 metric tons
per year of arsenic are associated with this coal.

During combustion, part of the araenic is released with fly ash and part
of it stays with the bottom ash. Measurements of arsenic in stack gases from coal-
fired power plants (aftar fly ash collection) give a range of concentrations of
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0.021 m;/m3 to 0.3640 n:_j./m3 (volumes measured at standard temperature and pres-
sure) , with an effective value of about 0.1456 mg/m>. Assuming (after the
National Inventory) that 9.97 m> of flue gas are gemerated by each kilogram of
coal consuned, the arsenic emissions are about 650 metric tons per year. This
is slichtly nore than cne-quarter of the arsenic calculated above to be in the
coal.

In an English stndy cited by Vallee, et al., air measurements of arsenic
were made and ranged from 0.03 to 0.105 ug/m’. It was estimated that the “standard
man" exposed to such concentrations would inhale about 0.5 mg/fyr. Vallee, et al.,
also point out that in studies of dust taken from inside of bulldings in towms
vhare large amounts of coal are consuned, the "content of copper, lead and zinc
in Shese dusts was moch greater than that of arsenic (50 to 400 ppm) and correlates
to the content of these metals in coal." (27

Nonferrous Smelting

Arsenic is produced as a by-product of nonferrous amelting., But it is,
for most amalters, considered an impurity which presents a disposal problem. At
the present tims, there is no economic imcentive for most smelters to remove ar-
senic from their flue gases. In areas such as Arizona where copper is produced
and the arsenic content of the ore is relatively low, virtually no effort is made
to control emissions. But in areas where high-arsenic ores are smelted, as in the
Pacific Northmest States, controls have been required, and Pederal Iegislation
has been directed at making such oontrols even more stringent.

“ Atmogpheric emissions from nonferrous meatals amelting is a local problem,
oconfined generally to distances of no more than 10 to 15 miles of the approsimately
40 nonferrous smelting and refining facilities processing the ores of copper, lead,
ginc, and gold. All of these ores, especially those mined in the Pacific Northwest,
antain arsenic, and wnleas adequately controlled, arsenic trioxide fumes from
mmelting facilities enter the air and settle gradually to earth, finding their way
onto local grazing and crop lands and onto animals and cropsa, thus setting the
stage for later ingestion in food. And to the extent that such arsenic fumes and
dusts are washed into or otherwise moved into water supplies, local - and to some
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extent even distant - water can coame o carry toxicolegically significantau'omttsb

of arsenic. (115)

Dusts @ollected from buildings located near smelters have been shown to
contain asignificant amounts (turdreds of pp) of arsenic trioxide. To the ex~
tent such dust can be inhaled or otharwise inadvertantly ingested, it presents
a potential hazard.

Tacoma, Washington, and the Helena Valley in Montana are two areas where
researchers contend that a public health threat exists due to nonferrous emelting.
Nonferrous smelting, of course, takes place in other parts of the country as well,
but these two regions have the disadvantage of being close to population centars,
and they process high-arsenic-content ores. In a report of a govermment sponsored
study of the Holena Valley, (11 it is stated that arsenic, cadmium, and lead,
"which are aemitted as air pollutants from (the two plants in the region), settle
and accumilate in soil and on vegetation to an extent surpassing levels that are
toxic to grazing famm animals, Furthermore, evidence indicates that subclinical
effects could be occurring in humans". The study points out that though the
average soil content of arsenic is normally about 5 pom, and the upper 4-inch
1amofsoilautsidatheValleyhasagaunetricmaanaramicmnhentofGppu,
the concentration in the upper 4-inch layer within a mile of the amelter camplex
averages 50 ppm, and scmetimes measures up to 150 ppm.

The Taccma, Washington area is by far the more controversial of the two,
espacially since it contains the only arsenic refining facility in the nation.
A spokemvan for the facility at Tacoma has conceded that arsenic exposure has
been associated with lung cancer among amelter workers, but that the atmospheric
concentrations in the areas adjacent to the facility are "undreds and even
thousands of times" less than in the actual smelting complex. Researchers with
that State's Department of Health have, howeverZfound that children who go to
school near the plant excrete arsenic in their urine "at about the same level as
the workers at the smelter”, (112

Table 17 is a summary of ambient atmospheric concentrations of arsenic
for various wban and rural enviromments., Seven of the 13 measurements listed
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e:madﬂnpropasedstmﬂardonugAnaavaragedoverma—tnxrperiod. Two of
the measuregrents at Tacoma, Washington, have average 24-hour comcentrations that
axcead the proposed standard.

In the nonferrcus-metals portion of this study it is shown that the
total volume of arsenic in the ore concentrates of zinc, lead, and copper are:

zinc 525 Kkg/yr
lead 1,060 klog/yr
copper 35,000 kkg/yr

Thus, copper concentrate carries the largest portion of arsenic in the nonferrous
metals industry; also, based on the Bureau of Mines production statistics for
1973, the amount of arsenic per metric ton of ocopper produced is significantly
higher than for lead and zinc.

zinc  (1.36 x 10° kkg in 1973)  0.385 kg As/Kkkg 2n
lead  (1.36 x 10° kkg in 1973)  0.78 kg As/kkg Pb
copper (2.2 x 10% kkg in 1973)  15.9 kg As/kkg Cu
The amount of this arsenic that is released to the alr as a result of
amelting operations is about 5230 kkg, vhich is only about 14 percent of the total
arsenic in the ore concentrates, but the largest portion is from the copper indus-

try - 2.2 kg As per kkg of copper produced, versus 0.176 kg/kkg for lead and
0.140 kg/kkg for zinc, Of this total annual atmospheric arsenic emisgion, 92

percent is dve to copper amelting.

Arsenic in Water

Arsenic enters natural water systems from these scurces:
1. Natural sources:

(a} Natural erosion processes including microbially-
mediated erosicn, &)

(b} Geothermal processes which may lead to very high
arsenic levels in locales where hot springs carry
aramictothesurfaoe.(s'zz}
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2. Artificial sources:

(a) Pesticide runoff

(b) Smelter fallout

(c) Erosion processes stimulated by mining and
excavation operaticns

d) Ruoff of agricultural fertilizers containing
arsenic as an impurity

(e) Deep~well drilling, especially geothermal areas
vhere nonferrous sulfides reside; the heated water
mobilizes arsenic to the surface.
(Bores drilled for geothermal power in New Zealand
delivered 190,000 kg of arsenic in the year 1964. (%2

Mobile arsenic becomes either locked into highly insoluble soil {(or
sediment) complexes where it is effectively ranwved as an envirommental hazard,
or it moves from the air and fram soil into the water resources which carry it
to the occeans. While in fresh natural waters, arsenic poses a potential health
hazard to those who drink the water and to those who eat food that has been grown
in or near such waters. Water-borne arsenic is probably the main source of in-
gested arsenic for the general population - as opposed to local populations ex-
posed to industrial operaticns.

Chronic arsenic poisoning has been reported associated with drinking
vater containing concentrations of arsenic ranging from 0.21 o 10.0 mg/l. Con-
centrations of 0.05 to 0.25 mg/1 have also been reported as having no ill effect.
The current standard for drinking water in the United States (established by the
Public Health Service in 1962) is 0.0l mg/1l, recomuended maximam concentration,
and 0.05 mg/l, the maximm permissible concentration. A 1969 survey of 969
drinking water supplies in the U.S. found arsenic exceeding 0.01 mg/1 in 0.5

percent of the sapples, and exceseding 0.05 mg/l in 0.2 percent. Ferguson and
Gavis, in reporting these figures, feel that these concentrations indicate no

current threat to the public health. !

In two surveys of fresh surface waters in the U.S. in 1970 and 1971, the
arsenic concentration esxceeded the 0.0l mg/l level in about 7 parcent of 1500
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samples from 150 rivers and in 21 percent of 727 samples from rivers and lakes.
The maan arsanic concentration of the gamples exceeding the 0.01 mg/) limit in
the first suwrvey vas 0.1 my/l, which is ten times the U.S.P.H.S. recomsanded
maximan concentration and 2 times greater than the permissible limit. ©)

The hazard of arsenic in water is a function of the chemical state of
the arsenic, trivalent versus pentavalent. The reduced, or trivalent inorganic
arpenite form is the most hazardous, 10 to 60 times more toxic than arsenate.
Arsenic ocampounds in water, whether they are organic or inorganic, tend to oxi-
dize to inorganic arsenates; but the chemical equilibrium relationship between
+3 As ard +5 As in natural waters has not been adequatsly determined. It is
genarally agreed that arsemates exceed arsenites in oxidizing acquatic environ-
ments, but the oxidation to arsenate rarely proceeds to completion. In one study
of ocean wvaters, the ratio of +5 As to total As was close to 0.8. However, in
lakes and rivers where reaidence times are short, Ferguson and Gavis state that
unless the oxidation is catalyzed by microorganiams, oxidation "canrot advance
vmyfa:c".ts)

The minimam concentration of arsenic in drinking water for which a toxic
effect (chronic) has been noted is 0.21 my/1.'”! this is only 4 times greater
than the maximm permissihle concentration established by the PHS. If, however,
this level of 0.2]1 mg/1 was largely of the reduced arsenite form, then the factor
of safety between the matiymum permissible concentration and the approximate thresh-
old level of intoxication due to arsenate would be between 40 and 240, certainly
a comfortable margin for any eventuality of chronic arsenic ingestion from air to
food. Howaver, the ratio of arsenite to arsenate in drinking watar and in fresh
surface waters has not been measured to any significant extent. Braman and
Foreback measured the amounts of arsenate and arsenite in fresh waters in Florida. (%%

+3 As +5 As

{peb)
Hillsborough River <0.02 0.25
Withlacoochee River <0.02 0.16
Well water near Withlacoochee <0.02 0.27

River
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+3 As +5 A

(peb)
Ramote porr, Withlacoochee <0.02 0.32
Forest
Univ. Research Pond, Univ, of 0.79 0.96
8. Fla.
Lake Fchols, Tampa 2.74 0.41
Lake Magdalene, Tampa 0.89 0.49

For these few samples, the ratio of arsenite to arsenate is near to zero for the
first three samples, ard it varies from close to 1 up to nearly 7 in the remainder.
Move information of this type is needed, and its relationship to human activity
arnd to the envirormental circumstances of the bodies of wabar.

With regard to food - from both animal and plant sources - grown in ar-
senic contaminated waters, studies indicate that while bicaccumilation of arsenic
doeataleplacatnamyhi@de’gmeets’n'”'za'uﬂ (measured as high as
71,000 times the anbient concentration for dried sewweed), *®? the arsenic that
acoumilates in both plants and animals is of a form that presents virtually no
hazard upon ingestion. °/27r16)  wonlaon cites a study in which shrimp contain~
ing 128 ppm As were fed to rats at a dietary level of 13.3 prm; they were also
fed 28,0, at the sune level. ' e rats' livers contained 20-fold less ar-
senic with the shrimp diet, and more than 98 percent of the arsenic fed in the
shrimp was excreted within 4 days. Huans fed shrimp excreted all the arsenic
within 4 days, (+116)

The technology currently exists for the monitoring of arsenic (both
organic and inorganic and in its tri- and pentavalent states) in fresh and sait
waters and in all aquatic organiams; lower limits of detection of 1 ng are pos-
sible. (5,28) Surprisingly little work has been done, however, in measuring the
relative portions of arsenic compourds and valence states in water and in aquatic
organismé. 'To the extent that research has been carried out, though, the main
hazard of arsenic in water is evidently not through the eating of organisms from
aquatic waters {(exocept poesibly in cases of extreme arsenic pollution), but rather
derives from the drinking of water containing inorganic trivalent arsenic.
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Arsenic in Food

The tissues of plants and animals grown in arsenically-polluted surround-
ings accumulate arsenic. Table 14 lists the arsenic content of foods as mea-
sured by various regearchers.

Seafoods contain the highast levels of arsenic found in comonly avail-
able foods; this is especially so of seafood harvested in coastal waters located
adjacent to outlets of arsemic~contaminated rivers, Many marine organisms, both
plant and animal, bicaccumilate arsenic in their bodies hundreds and even thou-
sands and tens of thousands of times above the ambient levels. But there is
evidence such arsenic is not retained very long after ingestion of such organiams,
arxl studies to prove biomagnification (increasing tissue levels at higher posi-

tions yp the food chain) have shown that such does not apparently take
place. (5,22,27,116}

Nunerous cases of arsenic poiscning due to food contamination have been
repartad,(zﬂ but all of the reportad cases were the result of contamination that
took place as a direct result of pesticide residues (apples have been reported
to ocontain 1 to 2 my lead arsenate) or because of arsenic contamination resulting
fram food processing (e.g., the use of arsenically contaminated sulfuric acid to
modify sugar used in the production of beer resulted in 70 deaths and 6000 ill~
nesses in England in 1900} . ?7) Mo evidence was discovered in this study that
arsenic taken up by food organimms in natural binlogical processes has caused
a toxic effect, either chronic or acute, though it is conceivable that under
axtreme conditions marine organiams such as shrimp .nd certain edible marine
plants grown in highly contaminated waters might pose a chronic health threat.

Arsenical feed additives are used in the feed of swine and poultry to
increase growth rates and feed efficiency. Federal law requires a S5-day with-
drawal period from arsenical feed additives prior to sending the animals to mer-
ket. Tissue levels of arsenic in poultry and pork reaching the market are well
within the Federally established standards, 5%
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The incidence of arsenic intoxication due to pesticide residues has
been decyeasing over the past three decades in relation to the decreasing use of
arsenical pesticides and the enforcement of residue standards. The largest area
of potential hazard due to arsenic residue on foods in in foods grown near non-
ferrons gmelting facilitiea; the State of Washington has warned Tacoma residents
who grow vegetahleg in the region of fallout from the smelter there that there is
a potential hazard due to both arsenic and cadmium; but people continue to raise
and eat vegetablee, with no evidence of arsenical intoxication having yet been
reported, Shﬂiasofarsmicmta]neinvegetahlecmpaas)ManlmﬂMtem
at soil levels sufficient to cause a S0 percent reduction in plant growth, the
wptake of arsenic is not appreciable. (This is discussed below.) The arsenic
is such crops is probably of a form which is mah leas toxic than the trivalent
irorganic form. Thus, the chief hazard potential to persons who eat crops grown
in the vicinity of smelters is from arsenic which has been deposited on the
vegetable surface ag a result of fallout.

Arsenic in Soil

As discussed in the section on soil chemistry, the fate of arsenic in
g0il ie a function of =0il content of iron, aluwinmm, and calcium adsorption
gites and of soil pH, bumus content, and available phosphorus (i.e., phosphorus
in solution) , vwhich competes with arsenic both for adscrption sites within the
2011 and for plant uptake. Additionally, the amount of available arsenic varies
with time, increasing or decreasing in complex relationship to the other soil
variables, but generally reaching chemical equilibrium (i.e., reaching a fairly
oconstant ratio of availahle-to-total arsenic) within several months after initial
application.

Agricultural aoils typically contain several ppm of total arsenic., In
a study by Woolson, (33) three scil types were used to study phytotoxicity and
plant uptake in various crops. The initial total levels (ambient levels) for
the soils were:

Soil Total Arsenic {ppm)
Lakeland (L) 1.2
Hagerstown 4.5

Christiana (C} 3.5
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Assuming a "worst-case" condition (i.e., s0il fram which there is no
loeses of arsenic via leaching, runoff, wolatilization, or any other means) how
mxh arsenic would have to be added, and over what period of time, to double
the ambient levels? The answer is based upon these condiderations:

1. An acre of agricultural d_bil, as measured to a depth of
a "furrow slice", is taken as weighing 1 million pomﬂs,ua)

ar about 450 kkg.

2. The six nost common arsenical pesticides, their dosage

ranges and arsenic are:

Dosage range
(kg/acre)

Lead Argenate l1-2,5
Calcium Arsenate l1-2.5
Arsenic Acid 2
Cacodylic Acid 1

DSMA 2

MSMA 1.5

Effective
% As As dosage
22 .22 - .55
38 .38 ~ .95
53 1.06
54 .54
41 .82
46 .69

Thus, for the three soils listed, the mumber of dosages of the above
ocompounds sufficient to double the initial (ambient) total arsenic content are:

Ambient (ppm) 1.2
Lead Arsenate (doses) 1- 2,5
Calcium Arsenate .5~ 1.5
Argenic Acid 5
Cacodylic Acid 1
DSMA .75
MaMR + 75
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3.5-9
2 ~5.3

2

5

2.5

3

3.5
3-7
1.5-4
1.5

3
2
2.5



Thue, assuning one dose per year for each arsenical, in some cases
(e.g., arsenic aoid in soil L) half a dose will double the total soil arsenic
level, while in others, such as lead arsenate on scil type H, 9 doses {or 9
years) are required,

In the real world, however, soil arsenic levels, both total and available,
decraase from initially high levels. And since it is the available (soluble)
arsenic which determines plant toxicity apd uptake, available arsenic is tabulated
below for the three soils far various initial arsenate application amounts as a
function of time, (35)

Arsenate Available Arsenic After:
Applied
soil (ppm Ag) 0 Months 4 Months 9 Months
10 1.4 3.0 3.7
L 50 20.0 18.0 20.7
100 48.3 35.0 55.0
500 384.0 377.0Q 288.0
10 1.0 0.6 <0.1
H 50 6.0 4.1 4.0
100 18.3 5.7 9.8
500 276.0 126.00 120.0
10 2.6 2.1 1.7
c 50 18.3 19.3 8.2
100 h2.3 22.0 19.2
500 429.0 260.0 138.0

The gignificance of these nurbers is apparent in terms of phytotoxicity
to the various crops studied by Woolson. For example, the most "arsenic~
tolerant” soil is soil H - that is, the six crops tested by Woolson, grew best
atanygivmappliedarsembelevelinaoﬂu,mldl,ascanbesemam has
the lowest available arsenic levels. Thus, in soil H, at 100 ppm arsenic ini-
tially applied, all six crops tested (green beans, lima beans, spinach, cahbage,
tomatoes, and radishes) would be able to produce a crop at the 4-month and
9-month levels of available arsenic. (Considering arsenic acid, which has the
higteltmcmmﬂedarmicdosageofﬂeagriculturalarsmicalamiderad
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here, the mmber of dosee (years) necessary to achieve a total arsenic level of
100 ppm would be about 43 - and again, this assumes no losses of arsenic fram

the apil by any means, whereas in reality mach arsenic would be removed by the
natural methods listed in the soil chemistry section of this study; and even if
not removed fram the soil, the large portion of the applied arsenic would not

be available for phytotoxicity or plant uptake in any way, as evidenoed in the
ahove table.)

However, other soils, represented here by soil I, are less tolerant of
arsenic; phytotoxicity takes place at lower total applied levels. In another
study, by Woolacn, et al.,ulﬂ scil types L and H were given initial doses of
100 ppm of sodium arsenate, and the available water-soluble arsenic was recorded
as a function of time. The available arsenic in soil H dropped to about 10 pgm
within 1 week vhile s0il I. required more than 24 weeks to decrease to 10 ppm
available arsenic.

The L soil, however, because of the longer periad required for the avail-
able arsenic to became wnavailable (i.e., fixed in the so0il), has the advantage
of being able to more rapidly reduce its total arsenic content; the water-soluble
arsenicals are more prone to leaching deeper into the soil or of beiry carried
away with water runoff than are the fixed arsenicals in the H soil where fixation
takes place rapidly.

So0il H, because of its rapid soil fixation of arsenic, is more prone to
accumilation of arsenic if the amrmual doses are of a sufficiently high wolume.
That is, the soil cannot continue to fix arsenic indefinitely - each year the
rate of fixation would tend to decreass if the ampunt of applied arsenic exoceeds
the anount that can be annvally removed by the various natural processes. Re-
search ag to a threshold value for such an annual dosage volume has not been un-
covered in this study, probably because it does not exist. However, since in
any real so0il ypon which arsenicals have been used the ratio of avajlable—to~
total arsenic is always greater than zero (the actual chemical equilibrium values
of available-to—-total soil arsenic are a function of soil type), total soil
arsenic will always tend to decrease toward the ambient level, which is the level
correspording to the natural movement of arsenic into and through the soil.
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In Woolson's study of six crq:a,ms) the amounts of available arsenic
necessary to cause a 50 percent growth reduction (sto) were:

R0

{ppm)_

Green Bean 6.2
Lima Bean 10.9
Spinach 10.6
Cabbage 48.3
Toamato 25.4
Radigh 15.0

ﬁnmmtimofarsmicmﬂedriededibleportimmof&mcﬁpaatﬂn
@Ry, level of available goil arsenic were:

Dried edible

portion (ppm)
Green Bean 4.2
Lima Bean 1.0
Spinach 10.0
Cabbage 1.5
Tomato 0.7
Radish 76.0

mmsolweliseffectivelytheeoamiclimitatmichacrppcmbe
grown; greater growth reduction will not result in a marketable crop.

Comparing the availabhle soil arsenic to the plant arsenic (edible portion)
at GRg, (above two tables), it is evident that, except for the radish, bicaccumr
lation does not take place as happens with fresizater and marine plants. Bio-
accamulation ratiog (ER, ratio of water concentration to plant concentration of
a material) for fresh water plants range fram 3 to 20,000 and for marine plants,
from 50 to 70,000. Of course, for plants grown in soil, the concentration of
available arsenic is based upon the so0il itself rather than upon the water in
the so0il, for which the biocaccumlation ratic would undoubtedly be higher, but
not aa high as for aquatic plants.
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The identity of the araenic campound or compounds in land-grown crope
is rot krown. However, studies of aquatic plants have shown it to be present
as both water- ard lipid-soluble arseno-organic camourds. Woolaon, referring
to Lancaster, et al., points out that lake weals containing 288 ppm arsenic were
fed to sheep as 20 percent of the total diet for 3 weeks with no i1l effects on
the animals' health. Tissue residues of arsenic did increase during the period,
but decreased when the weed was removed from the diet, (116

In the case of the 76-ppm radishes, assuming that radishes normally con-
tain 93 percmtwawr,(zm the arsenic concentyation would be on the order of
5.3 ppn in a correspording fresh, undried radish. Assuming further (worst case)
that the arsenic in such radishes ig of a form having a toxicity equivalent to
trivalent inarganic arsenic and that the arsenic would be completely ahsorbed
from the alimentary canal upon ingestion, then the amount of radishes required
to produce a minimal toxic effect - on the order of 10 mg arsenic ~ would be
about 150 3-cm-diameter radighes. It is likely the symptoms of arsenic toxicity,
even in this worst-case situation, would be masked by those of ordinary overin-
dulgence.

With regard to plant uptake of soil arsenic, Vallee, et al. cbserve that
"aoil concentrations of arsenic may rise to many hurdred parts per million after
years of spraying with lead arsenate and other pesticides", and "experimental
attempts to sterilize fresh soil have sometimes required huge amcumts of argenical
compounds”. Nevertheless, amall amounts of arsenic may be taken up by plants
grown in heavily contaminated soil, "but rarely in cuantities sufficient to con-
stitute a human riak“.(27)
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SECTION VIII
THE MARKET FOR ARSENIC

Daxnestic Arsenic Supply

All of the damestic arsenic production is in the form of white arsenic,
mzoa, and is derived fram collected flue dusts from copper smelting. Moreover,
the entire U.S. production since 1959 has been at cne location - the Tacom,
Washington plant of ASARCO. Up until 1959, white arsenic was produced at two
other plants, the Anaconda Co. plant at Anaconda, Montana, and the U.S. Smelting,
Refining, and Mining Co. plant at Midvale, Utah, (141}

Because there is a single producer of white arsenic in the U.S., recent
production data has rnot been released by the Bureau of Mines. Howewver, Table 18
lists these data up wuntil 1968 as reported by the Bureau of Mines. In additiom,
Table 18 also lists the price history for white arsenic, and the production of
primary refined copper from damestic ores. The price for white arsenic isg listad
in terms of constant 1974 dollars; up until 1968, the corvection for inflation
was based upon Bupeau of Mines data, 17) and later corrections were based upon the
Bureau of Lahor Statistics winlasale price index for intermediate industrial
mmm,_mz)

The U.S. production of white arsenic in any year is depsndent upon the
quantity of copper ore amalted, and upon the world price for white arsenic. The
data of Table 18 from 1949 through 1968 (20 years) were analyzed to gquantify this
dependence. The results were a regression equation:

KL - 227 Kz - 947,000
YC = 5;160 + 3;300 _W—-‘ “+ 2;310 -—W

MYC=Ca1mlatﬁU.S. Production of White Arsenic, Matric Yons Per Year
Xl = White Arsenic Price, Constant 1974 Dollars Per Metric Ton
X, = U.S. Production of Refined Primary Copper from Domestic Ore,
Matric Tons Per Year
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TABLE 18

SUPPLY STATISTICS POR ARSENIC TRICKIIR
SoRCES: BREAU of Mines (17718, 70,141} o (143)

U.8. As.O, { Price, Actiml | Price, Oonstant | U.S. Cu Production | U.5. Imports| U.S. Consamption | Wxld Production

Production, | Dollars par | 1974 Dollars from Demestic Ores, [ of As 0., of As,0,, of As.Q.,
Year | kieg/vear kkg As,G, pax kikg As,0, kkg/year Xikg/yanr kiny/vear
1949 | 5,580 1z m 630,000 8,300 13,900
1950 | 5,790 12 310 835,000 24,100° 29,900
1951 | 7,400 139 314 864,000 19,400° 26,800
1952 | 6,820 12 279 837,000 6,000° 12,800
1953 | 4,83 13 258 845,000 9,000° 14,600
1954 | 5,760 123 253 764,000 3,400° 15,200
1955 § 4,740 123 250 904,000 12, 900" 17,600
1956 | 5,480 -123 243 979,000 17,800° 23,300
1957 { 4,570 123 235 952,000 16,660° 21,200
1958 | 5,060 123 232 910,000 13, 18,800
1959} 2,340 101 183 723,000 22,100° 24,400
1960 } 6,000 © 104 183 1,018,000 16, 22,100
1961] 5,100 93 157 1,071,000 17,600 24,600 53,500
1962/ 5,400 a3 157 1,102,000 14,300 24,400 45,000
1963 ¢,900 116 196 1,104,000 13,200 25,300 48,400
1964} 4,500+ 18 - 199 1,142,000 16,500 29,400 52,700
1965 { 7,000 ¥ 126 212 1,211,000 14,100 28,900 51,000
1966 | 5,500 ns 199 1,227,000 16,900 28,600 52,000
1967 | 2,500 126 204 769,000 24,500 31,300 58,800
1968 3,500 133 206 1,053,000 22,800 28,800 61,200
1969 | 6,700° 143 216 1,331,000 16,500 23,200° 43,800
1970 &,700% 3 208 1,380,000 17,000 23,700° 49,500
1971 | 6,100% 143 200 1,280,000 15,700 - 21,800° 50,300
1972 | 7,000% 143 190 1,523,000 12,300 19,300% 45,400
1973} 6,900* 143 am 1,557,000 10,400 17,300° 47,400
1874 | 8,700% 286 286 1,440,000 13,600 22,300° 47,600

Brgtimted by Regression Analysis of Pricr Years
from Conmumsption and Production Data

“estimatsd from Production and Tmports Deta




FigmelcmparasYc,thechulnteddmasticmz%pmdmtionleml,wiﬂlﬂn
reported production data of Table 15. 'Ihstandm:dermrin?chsmmtric
tons pex year.

The influence ooefficients in the regression ecuation indicate ( as they
should) that the U.S. production of white arsenic increases as both the price
and the copper production increagse. The two coefficients (of the two nomalized
variables) are of camparable magnitude, implying that both variables are of
similar importance.

The regression equation was then used to calculate <!It:mesti.oAs‘,,-,o3 pro—
ducticn data for the years 1969 through 1974, The calculated 1974 level, 8,700
kkg of 1&.!203 (equivalent to 6,550 kkg of arsenic) is lower than other values in-
dependently estimated elsewhere in this report (8,180; 8,300; and 12,250 kkg of
arsenic). As an upper limit, the plant capacity of ASARCO/Tacoma was reported
as33mtricmof}\8203perduy, or 12,000mu'ictomof}\3203peryurm
a 365-day basts, (69

, Figure 2 ehows supply curves for domestic white arsenic, at several levels

of domestic copper production, derived from the regression equation for As0,
production. If the market price is less than $50 per metrie ton, it is likely
that domestic production will cease; e.g., it will no longer pay to refine and
sell the white arsenic. Although the 1974 level of primary copper production
from domestic ores was about 1.5 million metric tons per year (at a price of
$1.70/kg}, the Bureau of Mines projected that the copper production would reach
2.275 million kkg at $2.57 per kg (in constant 1974 dollars).‘l?)

There are many important and new factors affecting domestic white ar-
senic production which the historical data (and so the regression equation and
Figure 2} do not teke into account:

1. The past few years have witnessed a rapid increase in
the quantities of copper ore which are leached. In 1968,
12 parcent of the total &mestic mine production was
ceament cq_:per;u?) this had grown to 15 percent by 1972,
Since mxch less arsenic accompanies cement copper fram
the mine than copper ore concentrates from the mine, the

(70)
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FIGURE 2
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vatio of &Jl:n]‘.ﬁ avﬁﬂai:ié arsenic to coppea:” product

should be decreasing. On the othar hand, since the
m!dnszoaismdlamllfrwtionofthetotal
available arsenic, the impact of leaching may not be
significant with respect to the domestic supply of

As203.

The past few years have also witnesped a marked improve—
ment in controlling sulfur dioxide emissions fram copper
smalters. Previcusly, relatively few amslters: had acid
plantg (for reasons statad earlier in this report). The
impact of environmental forces upon the industxy has been
mmmzmtmmtwmmmw
a target of 90 percent capture. With greatly increased
emission control, the particulates (which include As.0,)
formarly released to the atmosphere are now being cap-
tured t0 a greater degree. Hence, gas cleaning processes
upstream of acid plants should be recovering mach greater
quantitiss of arsenic. The portion recovered via &y dust
collection (electrostatic precipitators and baghouses)
should increase the oomvercial supply of arsenic, while the
portion removed via wet scrubbing should mot. It also
appears that the enforced recovery of more 80, has played
a part in the increase in copper ore leaching, by pro-
viding a sowrce of sulfuric acid.

The recently-proposed arsenic standards by the Occupa-
tional Safety and Health Administration, if promlgated,
oould drasticelly affect the commercial supply of arsenic
in either direction. Enforoced recovery of arsenic to meet
tighter ambient standards could increase the supply. How-
ever, the tightsr standards may conceivably shut down the
sole producer of white arsemic, if ambient standards in
t:hell203 plant are too expensive to meet,
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4. ‘Tha discussiom of the comnorelal oourcence of arsenic
(elgewhere in this report) revealed that potential sources
for arsenic other than copper ores amount to twice the
copper-related resource. Much of these potential (but
wnexploitad) sources are not technically or econcmically
practical under any reascnable set of market circum—
stances, either because the arsenic iz at extreuwely small
concentrations or because the arsenic is tightly bound,
However, there ramain relatively large and feasible um-
tapped resources for arsenic (should there ever be suffi-
cient demand for arsenic). Among these feasible resources
are phosphoric acid (555 kkg/yeax) and Sear}es Lake brines
{2,160 kkg/year). Feasible arsenic resources which should
become very sizable in the next few decades are associated
with coal gasification and with geothermal energy.

For the above reasons, the damestic supply of arsenic may conceivably
increase by dramatic proportions in the next fow years, or way conceivably be
reduced to zero. The conclusion is therefore reached that no long-tem (i.e.,
ten years) projection may be made with any meaningful certainty.

World Arsenic Supply and Total U.S. Supply

Tahle 18 aleo lists the world production of white arsenic from 1961
through 1974, For those years, the U.S. produwction amounted to about 10 percent
of the world production. The world production data is shown in Fiqure 3. It is
apparent that the quantity of white arsenic produced is not strongly correlated
to price. Hence, the world supply curve of Figure 3 was drawn vertically (e.g.,
conpletely inelastic supply) in the range of the historical data (§150 to $300
par metric ton).

At the lower range of Figure 3, the world supply curve was drawn with in-
creasing supply elasticity; marginel refiners will drop out of the marketplace as
the price approaches $50 per metric ton. Above $300 per metric ton, those with
crude arsenic resources (either as a waste material or as a byproduct) will be
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FIGURE 3
WORLD SUPPLY OF:-WHITR ARSENIC
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induced to refine and market these resources. It has heen shown that non-copper
rescaxces of arsenic are potentially large, and that wwecovered copper resources
of arsenic are also large, Herce, it im implied By the arrow at the upper end of
Figure 3 that an entirely different supply regime flor arsenic exists but has yet
to be quantifisad.

The present world supply is not totally related to copper ore, as it is
in the United States. As the data in Tsblae 19 indicate, saveral countries im-
partant in arsenic production are not important in copper production, and visa

Also shown in Figure 3 is a curve for the total 1974 U.5. swpply (damestic
production plus imports) of white arsenic, This latter curve was constructed as
parallel to the domestic production curve of Figure 2 (at a copper production rate
of 1.5 million metric tons per year).

Damand for Arsenical Insecticiden

Prior to 1952, very large guantities of arsenical insecticides were
consumed :

Insecticide Compogition 28,0, Content Applications

Paris Green Cu(oma)z-B Cu(hsD,), 55% Potatoes, Moaquitos
Lead Arsenate PhHAHD4 32% Potatoes, Apples
Calcium Argenate Ca3(A304)2 + Ca0d 50% Cotton, Apples

In 1940, the consumption of lead arsenate and calcium arsenate were
(respectively) 34,100 and 22,700 metric tons, *®) equivalent to a total of 22,300
metric tons of white arsenic. The demand dropped drastically froam 1940 to 1949;

in the latter year, the U.S. demand for all uses of As,0, was only 13,300 metric

tong. Higher cotton prices and increased cotton planting in 1950-1951 temporarily
increassd the demand for calcium arsemate for boll weevil control; the total U.S,

denandmmzosmﬂhlsso'amdepaﬂmtfmwmﬂnmof
boll weevil infestation.
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TABLE 19

PRODUCTION OF ARSENIC AND COPPER BY (XXINTRY IN 1972

SOURCE: BUREAU OF MDES'') | JIiem

(143)

As,0 Production, Copper Production
Comtry Mefrlc Tons/Year Metric Tons/Year
United States 7,000 1,510,000
France 10,000 500
U.8.S.R. 7,200 664,000
Mexico 591 78,600
Swaden 16,000 24,700
Peru 1,020 225,000
W. Germany 500 1,320
Japan 421 113,500
8.W. Africa 4,000 32,400
Brazil 164 4,300
Portugal 190 4,800
Canada 27 725,000
Spain - 32,100
Chile - 724,000
South Africa - 162,000
Zaire - 429,000
Zambia - 716,000
Phillipines - 205,000
Australia - 185,000
world 45,400 6,630,000
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In the 1960's, the arsenical insecticides received strong cawpetition

from organic insecticides, so that by 1971 only 1.4 percent of all insecticides
usadmaropsmarsmicala;arﬁﬂnqmntityofarmucalinsecucidesusedm
cro;:smmwbedtomlylZSOmtrictons(90peroentofmchmusedonapplesa:ﬂ
other fruits - virtmllymwasuaadmoottmorpotatow).“g} However, non-
crop consuption of arsenical insecticides aiounted to more than an egual quantity,
and were typically used by homeowners. From 1965 through 1972, the average con—
suption both for crops and for other uses was:

Insecticide Consumption, | Equivalent As_0
Metric Tons/Year Metric
Lead Arsenate 3,500 1,100
Calcium Arsenate 900 450
Paris Grean ' 7,300 4,000 -

Herce, the equivalent As,0, demand during this period, for insecticides,
amomt. to 5,550 metric tons per year. The wholesale prices during the 1970 to
1972 period ware relatively stable at about $800 per metric ton for lead arsenate
ard about $410 per metric ton for calcium arsenate (about $1,100 and $550,
respectively, in constant 1974 dollars). 1Y) ghe nigher price of the lead

arsamate reflacts, of coursa, the high cost of leald axide or lead nitrata.

Both lead and calciim arsenates are mamufactured from arveenic acid, which
in tum is made from vhite arsenic. In 1970-1972, the prices for arsenic acid (100
paroent basis) and for white arsenic were respectively (in constant 1974 dollars)
about $750 and $200 per metric ton. An analysis of ingredient costs is:

%@ Cost of Ingredient | Product Price,
Product Ingredient Per kkg Product $/kkg

Arsenic Acid vhite Arsenic 0.70 $140 $§ 750.

imsad Arsenate Arsenic Acid 0.46 £345 $1,100
Calcium Arvsemate | Arsenic Acid 0.50 $375 $ 550
Paris Green wWhite Arsenic 0.55 $114Q $ 400

=179~




It is apparent that the arsenic-bearing starting material im an impor-
tant factor in detsnmining the price of 1lead arsenate and paris green, and is
the critical factor in detemmining the price of calcium arsenate. The demand
for arsenical insecticidee has been decreasing recently because of competition
from organic insecticides, becaise of the cancellation of crop registrations,
ard because of tighter OSHA constraints upon the manufacture of arsenicals,
The 1975 price for lead arsenate is about $600 per metric ton, mxch less than
in the 1970-1972 period, 4% gespite the increaged cost of the arsenic-bearing
ingredients, and deepite the increased price of the organic insecticides which
compete for its use.

Buedmﬂnabwadimim,ﬂnmz%demﬂmmfminaecticm
was constructed as shown in Figure 4. This curve passes through the 1970-72
point of 5,550 kkg/year at a price of $200 per mtrictmofmizos. The curve
was drawn to be relatively inelastic from $100 to $400 per metric ton on the
rationale that tha use of arsenical insecticides iz already a small fraction of
the total insecticide demand; so that its use is hichly selective and not likely
to change drastically with price. At higher As,0, prices, the curve reflects
greater demand elasticity, as alternate (i.e., organic) insecticides may be sub-
stituted for arsenicals. Atlmhs203prices.mhmaaseindmﬂiaﬂm,
but it is not anticipated that arsenicals would make major inroads on the total
insecticide market.

Demand for Arsenical Desiccants and Defoliants
Arsenic acid use for the desiccation of cotton has rapidly increased since

¢he mid-19601s; (49/53/146/147)
Arsenic Acid Used, Bquivalent Aszo ' Arsenic Acid Price,

Year |kkg/year (100% Bagis) kkaq/year 1974 $/kkg
1968 965 724 $ 620
1969 1,290 969 650
1970 1,620 1,212 690
1971 1,950 1,460 740
1972 2,760 2,070 760
1973 3,600 2,700 760
1974 4,400 3,300 780
1975 (5,600} (3,920) (880)
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The use of arsenic acid to terminate the cotton plant is considered
mandatory in the Blackland area of Texas. (148,149} The convincing arguments
include:

1. Early maturity and harvest followed by early stalk
destruction is an integral part of the pest management
program. Desiccation removes the available food supply
for boll weevils. Arsenic acid is the only desiccant
that constantly terminates the cotton plant, especially
in higher rainfall areas, and arsenic acid is the only
effective capound for controlling re-growth.

2. Arsenic acid renders plant parte brittle for mechanical
stripping of the bolls. Mechanical spindle picking is too
expansive, and waiting for frost would incuwr heavy insect
losses. A self-propelled stripper costs approximately
§20,000; a spindle picker costs twice as mach. A stripper
can harvest as much as 70 bales per day, while a mechanical
picker can only harvest 20 bales per day in good=-yielding
cotton. Pickers are more useful in high yield areas (2
bales per acre or more).

3. Without effective desiccation, stripping results in large
quantities of "green trash" which cause major problems
at the cotton gin. In addition to stoppages ("choke-ups"),
heating would decrease lint and seed quality.

Cacodylic acid ism also used as a cottom harvest aid, in the cotton states
other than Texas and Oklahcma. Its use as a defoliant is new, dating back only
to 1972. In 1974, about 230 metric tons were used, 49! equivalent to 125 metric
tons of white arsenic,

Based upon the above discussion, the dasiccant and defoliant demand curve
{for 1974) was constructed, as shown in Figure 4, as inelastic from $150 to $400
per metric ton of As.,0.. Above $400, some elasticlty is indicated, but it is

2°3°
jlﬂgadﬂmtarmicacidwmﬂ.dstillbeumdtoma:tmtto$‘700ﬂd:gofhazo3.

Below $150, the use of arsenic acid should increase to include other cotton—
growing areas and to more completely saturate the Texas-Oklahoma region.
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In tha 1970-1973 period, arsenic acid was priced at about $730 per metric
ton (100 percent bagis, 1974 dollarm). During thia period, 78,0, wag priced at
about $200 per metric ton; the As,0. ingredient cost was about $150 per metric
ton of arsenic acid.

Demand for Arsenical Herbicides for Weed Control®

The monsodion and disodium salts of methanearsonic acid, MSMA and DSMA,
are widely usaed on cotton for weed control. In 1974, about 3.0 million hectares
of cotton land were treated with methanearsonates as directed postemergence
aprays, in one or two applications, at a level of about 3 kg per hectare per
application. An additionl 1.3 million hectares were treated with topical poste-
margence applications, at about 1 kg/hectare; and 0.2 million hectares ware
treated prior to crop planting at about 3 kg/hectare, 149 mhis usage data im-
plies a consunption of close to 10,000 kkg/vear. Additional cuantities of MSMA
and DEMA were used for weed control on turf, on lawns, and on ornamental shrubbery.

Yy, the consumption of methanearaonic acid salts was eatimated
ass (43,49,150)

MEMA and DSMA, Equivalent As, 0.,
Year { kkg/year kkg/year

1970 11,000 6,400

1971 9,000 5,200

1972 11,200 6,500

1973 9,100 5,300

1974 9,800 5,700

However, the use of organic arsenicals amounted to only 6.7 percent of all
the herbicides used on cotton in 1971, and to only 2.1 percent of all the herbi-
cides used on all crops. (4! One alternative herbicide for cotton, both for pre-
plant applications and as a post-emsrgent directed spray, is pavaquat, which is
also vead as a harvest aid on cotton.

The prices for MSMA and DEMA have generally been as follows, on a 100
1:13:’«::&11:bas:l.sz(ls‘nl



1968-1969 1975
DSMA Price, 1974 $/kkg $1,350 $2,200
kkg A#,0./ikg DSMA 0.54 0.54
As,0, cost/kkg DEMA, 1974 $ $ 115 $ 155
MEMA Price, 1974 $/kkg $1,000 $2,100
kkg A8,0,/kieg MEMA 0.62 0.62
As,0, cost/kkg MR, 1974 § $ 130 $ 180

Figure 4 shows the demand curve for arsenical harbicides. It is oon-
strmtadtopuat.tmhttapointofS,BOOnatrictmsperyaarofAs203at
a price of $200. The demand is shown to be moderately elastic: at higher prices,
the price differential between arsenicals and organics will be amaller; and at
lower prices, the arsenicals should command a greater portion of the total herbi-
cide market.

Demand for Arsenical Soil Sterilizers

In 1972, the quantity of sodium arsenite shipped was 4,200 metric tons;
compared to 5,300 metric tons in 1967. The prices (in 1974 dollars per kilogram)
were $415 in 1972 and 5210 in 1967, P since 0.76 kkg of 8,0, are equivalent
tomekhgofmwz, the Ingredient cost per metric ton of sodium arsenite (in
1974 dollars) was $145 in 1972 and $155 in 1967.

The herbicidal uses of sodium arsenite include soil sterilization such as
for railroad rights-of-way, for tank farms, for parking lots, for electrical sub-
stations, and for crnamental uses under trees and shrube. The total demand for
aodiun arsenite, however, includes same insecticide uses suh as animal dipe and
termite control. '

The demand curve of Fiqure 4 indicatas that the use of arsenical soil
sterilizers is already highly selective, and therefore inelastic.
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Damand for Arsenical Wood Preservatives

The demand for chramated copper arssnate (OCA} and for fluor chrome
arsenate phenol (PCAF) has been as followa: ‘45!

CCA, FCAP, As203 Bouiv., kkg/yr
Year Xkg/year Xkg/year [ OCA | FCRP | Total |
1967 1,060 2,430 330 520 850
1968 1,450 1,800 460 390 850
1969 - 2,120 2,060 670 440 1,110
1970 2,740 1,220 860 260 1,120
1971 3,960 987 1,250 210 1,480
1972 4,430 870 1,330 190 1,520
1973 5,320 767 1,640 | 160 1,800

The changeover from FCAP to OCA has also been accampanied by an increase
in the total consunption of wood preservatives, in the total consuwption of ar-
senical wood preservatives, and in the consumption of white arsenic. The OCA
price, however, has remained falrly stable at about $2,100 per metric ton of
QA "oxide® (in constant 1974 dollarg), 97+152)

For each metric ton of CCA, about 0.45 matric tons of arsenic acid is
consuned in its mamfacture. At a price of $750/kkg for arsenic acid (oconstant
1974 dollars), the arsenical ingredient cost is about $340. Similarly, the ar-
senic acid for FCAP is about 0.31 kkg/kkg FCAP, at a cost of about $230/kkg FCAP,
The ingredient cost for oopper and far chramium (OCA~B is 20 percent CuO and 35
percentcmg) and 1s more important than the arsenic acid oost.

Since no real substitutes can be found for arsenical wood preservatives,
and since tha cost of arsenical irgredients is a relatively small fraction of the

preservative price, the demand curve of Picure 4 has been drawn to be relatively
inelastic,
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Damand for Arsenical Feed Additives

The two important arsenical feed additives are Roxarsone (4~hydroxy-
3~nitrohanzenearsonic acid, or "3-nitro") and arsanilic acid (p-amincbenzene~
arsonic acid):

A= (OH) 2 As0 (OF) 2
No,
ol NH 2
Roxarsone Arsanilic Acid

ne matric ton of Foxarsone is equivalent to (0.378 metric tons of m203: ard
are metric ton of arsanilic acid is equivalent to 0.459 metric tons of Aszoa'
The consunption and price data are as follows: (153,154,155)

A oal Teed ;"F}uzg‘:?le“t Price, 1974 $/kkg |

Year | kioy/yr kkg/yr Raxaracone | Areanilic Acid
1968 1,160 464 $6,500 $4,100

1969 1,230 491 6,600 4,000

1970 1,320 528 6,600 3,800

1971 1,300 521 6,800

1972 1,360 544 6,500

1973 1,330 531 6,000

1974 1,360 544 5,500

1975 4,900 3,300

The cost per metric ton of arsenical feed additive for the arsenic acid
ingredient is approximately $425, a small fraction of the product price. The
above data indicate that the price of Roxarsone (in constant 1974 dollars) was
relatively stable through 1972, but has been decreasing since; the price of ar-
sanilic acid has apparently been dropping steadily.
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The gubstitutes for arsenical feed additives are antibjotics, which range
in price from $20,000 to $60,000 per matric ton, 133! an arder of magnitude
greater than the arsenicals. The demend coxrve of Figure 4 is constructed to be
inelastic, reflecting this price differential and also reflecting the relatively
amall impact of As,0, cost upon feed additive price.

I:Juﬂur::l15:::&:'.\-203| in Glass Manufactire

Data on the consumption of As,0, in the glass industry indicate a major
reduction fram 1968 (5,100 kkg) to 1974 (2,400 kkg). White arsenic was used in
the past at a level of about 0.5 percent in decorative glass guch as crystal
tableware. Substitutes for oxidizing and firing are generally avajlable, so that
the demand curve of Figure 4 was canstructed to be moderately elastic.

Demand for A8,0, in Miscellaneous Uses

This category of use includes specialty items such as As,S, for special
pignents, gallium arsenide semiconductors, and arsenide for light-emitting
diodes. The gpecial nature of these uses (which now amount to about 500 metric
tons per year of As,0,) indicates that the demand i inelastic, as shown in

Figure 4,

Sumrary of Demand for As,O,

The estimated demand for As,0., as taken from the demand curves of
Figure 4, ie listed in Table 20, The total estimated domestic derand for
25,0, is relatively inelastic from $100 to $400 per metric ton. It should
be emphasized that the curves of Figure 4 and the data of Table 20 are based
upon historical data only in the neighborhood of $200 per metric tong ex—
trapolationa from this level are based largely upon qualitative information,

Earlier in this section, the conclusion was reached that no long=term
(1.e.. ten years} projection of U.S. arsenic supply may be made with any meaning-
ful certainty. The prospect for making meaningful U.S. demand projections is
ecqually bleak for two critical reasons:
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TABLE 20

ESTIMATED U.S. DEMAND FOR WHITE ARSENIC (1974 BASIS)

As G, Demand, kkg/yr, at As O, Prices (1974 Constant Dollars)

Use [ S50 [ 100 | $200 | $300 | 400 { S500 | S600 | S700 [SBOU
Insecticides 6,250 | 5,830 5,500 | 5,2001 4,800{ 4,100 2,700 0 0
Dessicants and Defoliants 4,250 § 3,720 | 3,500 | 3,500 3,500] 3,130} 2,250 0 0
Berbicides for Weed Control} 7,150 | 6,500 5,800 § 5,150 4,550} 3,800 2,400 0 0
Soil Sterilizers 4,450 | 4,250 | 4,200 | 4,200] 4,180] 3,750| 2,800 0 0
Wood Preservatives 1,750 § 1,560 | 1,550 } 1,550 1,550| 1,550| 1,400 980 | 230
Feed Additives 1,150 620 550 550 550 550 550 480 | 140
Glass Additives 3,100 | 2,780 ¢ 2,400 | 2,000¢ 1,610} 1,200 630 0 0
Miscellaneous Uses 700 500 480 480 480 480 480 380 | 100
Total 28,800 |25,770 § 23,980 |'22,630}1 21,220 | 18,560 | 13,210% 1,840 | 470




1. Arsenjcal products carpete directly with petrochemicals in
virtually every use category except for glass additives and
some miscellanecus uses. Petrochemical products may be said
to dominate the arsenical warkets for insecticides, for des-
sicants and defoliants, for herbicides, for moil sterilizers,
for wood preservatives, and for feed additives. The large
price increases in 1974 and 1975 for arsenicals were likely
the result of large price increases for petrochemicals in
these mexkets. With additicnal time, it is possible that
the production capacity for arsenicals will be irxreased
so that argenicals can coamand greater shares of the markets
(at lower prioss). The wolatility of petrochamical prices
and supplies, however, would make such projections extremely
imprecise.

2. The future far arsemical products lies to a great meamure
upon actions to be taken by a muwber of government agencies.
The Occupational Safety and Health Administration, the V.5,
Envirommemtal Protection Agency*'s Office of Peaticlde Pro-
grams, and State agencies have the mechaniams for banmning,
severely restricting, or otherwise drastically influemcing
the demand for arsenicals or for their merket conpetitors.

For the above two reasons, historical market data (largely the result of
uncontrolled commerce) provide little basis for projecting the future arsenical
market, which promises to be a controlled market.
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SECTION IX

IDENTTFICATION AND SCREENING OF
CANDIDATE CONTRCH: ALTERNATTVES

In previous sections, the role of arsenic in the U.S. econcmy has been
discussed in detail. The release of arsenic and its ocampounds to the environ-
ment has been addreased, with emphasis vpon identifying the specific sources of
such releases and upon quantifying these releages. An assesament of the health
hazards resulting from such releases has keen made.

In this section, various control altermnatives for reducing these health
hazards ave presentad, and evaluated fram the standpoints of feagibility, neces-
sity, and effectiveness. Those alternatives passing this screening process will
be evaluated from a cost standpoint in the next section.

Existing Control Programs

Many suitable control alternatives are already in effect for reducing
the dangers from arsenic. These include:

1. The dangers to workers from arsenic exposure are being
suitably addressed by the Occupatianal Health and Safety
Administration of the Department of Labor,

2. The potential dangers from arsenic in water supplies are
being suitably addressed by the standards for drinking
water and by monitoring water supplies, by the U.S.
Envirommental Protection Agency and by State and local
governments,

3. The potential dangers from arsenic in food supplies are
being suitably addvessed by the standards and monitoring
activities of the Food and Drug Administration.

4. The U.S5. BEnvironmental Protection Agency and State agencies
are active in limiting arsenic discharges via wastewater
effluents from point sources. As the results of the
study show, arsenic in wastewaters are the least of all
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5. The Office of Pesticide Programs of the U.S. Environmental
Protection Agency, and sppropriate State agencies, are
active in pesticide registration programs. These programs
limit the use of a given pesticide (inmecticids, herbicide,
defoliant, deswicant, soil sterilizer, fungicide, etrc.) to
a specific and finite corbination for crop (or application)
and past. These programs require positive Government
actions for the use of a pesticide in new applications;
conversely, the cancellation of a specific pesticide regis-
tration is equivalent to a selective use ban. For registered
uses, the pesticides must be appropriataly labelled, and
with information made available as to proper handling,
proper use, use precautions, chemical, phyeical, and bio-
chamical behavior, behavior in or on soils, and toxico-
logical properties.

6. The U.S. Envirocnmental Protection Agency and State and
local agencies are active in reducing the dangers from
arsenic air pollution., The actions limiting the sulfur
codde emissions from primary copper smelters have been
effective in reducing arsenic emissions from these sources.
The actions limiting particulate emissions from power
generation stations and other stationary sources have
reduced arsenic emiggions as wall., Sinoa tha arsenic con~
tent of coal is keyed to the mulfur contant, actions re—
sulting in the use of low-sulfur coal have also resulted
in reduced arsenic emisgions,

Control Altermatives for Specific Emissions or Disaipations

Sevaral control zlternatives have heen formulated to reduce specific
emiggicns or disgipations or arsenic:

1. Requiring all phosphoric acid menufactursd in the United
States to be processed for arsenic removal prior to its
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3.

use in manufacturing fertilizars or any other phosphate
products, The technology used for making food-grade
phosphoric acid could be adapted.

This candidate control was rejectad fram further ocon-
gsideration for three reagons.

First, the arsenic in fertilizers, dissipated on land,
has been ahown to present no imminent hazard. Second,
the arsenic in animal feed phosphates has not resulted
in dangerous additions to the human food suypply. Thirg,
the arsenic in phosphate detergents, while oonstituting
the largest source of arsenic water pollution from point
sources, has not led to dangerous lewals of arsenic in
fresh waters nor to dangerous levals in public water
supplies.

Banning the intentional use of arsenic as an alloying ele-
ment in non-ferrous metals.

This alternative was rejected for two reasons. First, the
oanly hazaxds appear to be the emimsions to the air and the
wastes destined for land disposal in the secondary metals
processes. These logses are more directly and appropriately
controlled with specific air and land regulations than with
a blanket ban. No health hazard is apparent from the use
of products (batteries, cables, radiators) containing ar-
senic. Second, the arsenic alloys serve useful oxmercial
parposes, and substitutes for arsenic ailoys are not ap-
parently available.

Banning the intentional use of arsenicals in consumer
products (other than non-ferrous alloys). These would
include arsenical wood preservatives, arsenical fungi-
cides for vinyl plastics, and arsenical herbicides in
home-~lawn—care products.
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4.

5.

This altermative was rejected because there is no apparent
health hazard to the consumer via vaporization, leaching,
or othar mechaniam,

Stringent emisgion standards for the release of arsenic
trioside to the atmosphere from high-temperature indus-
trial processes. It is now generally accepted that air~
borme arsenic trioxide is a carcinogen. The primary copper
industry, other primary and ‘secondary non—ferrous metals
industries, cotton trash incinerators, and same glass manu-
facturing plantsg, all emit arsenic trioxide from high-
tarperature procesges. 1t was concluded fram this study
that even the bast of the dry dust collection techniques
fall far short of effective As,0, capture,

This control alternative is deemad to be needed, feasidle,
and effective in reducing health hazards so that it will be
oonsidared further. Ba.l'ne:ilu.t,:antlw.-.t:=m:zhnc)1.og:1rc:fzmzo3
ramoval fram flue gases (as demonstrated in the gas-cleaning
partas of byproduct sulfuric acid plants at oopper amelters
and other non-ferrous metal zmelters), high pressure-drop
miscruuaeracmadﬁ.evES%percmtxmmlofAszoy
The control measure, therefore, would be an air quality stan~
dard based upon such high removal efficiency. ‘

Stringent emission standarde for the releass of arsenic tri-
oxide to the atmosphere from the combugtion of foesil fuels.

The racionale for this alternative is the same as for the
previous altemative, in terms of reducing health hazards,
The feasibility of an emission standard for stationary
m.mwmﬂnmyhighmzoarmlcapamuty
of high pregsure drop wet scrubbing aystems, is similar to
that for industrial sources of As,0, air pollution. This
altemative will tharefare be further consideved.
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However, itdoesmtappearthntastringmtmzoe'
emission stanxiard for mohile gources is feasible. More-
ovar, the quantity of emitted arsenic estimated from
petroleun cambustion, 108 metric tons per year, while
gignificant, is mnot an ektremely large fractiom of the
total atmospharic emissiong of arsenic. Hence, a control
alternative for mobile sources of air pollution will not
be further oonsidered.

6. Regulating the land disposal of arsenic-bearing slags,
flue dusts, slwigea, and other residuals fram industrial
gources.

Large quantities of arsenic and its campounds are in the form of indus-
trial and cormercial wastes destined for land disposal. These alags, sludges and
collected flue dusts are derived from the primary and secondary non-ferrous metals
industries, from the primary ferrous metals industry, and from the phosphorus
chemicals industry. The wastes are of varying physical forms, chemical forms,
and concentrations of arsenic; and represent correspordingly varying dangers to
the environment. Almost always, arsenic is but one of several or many hazardous
constituents in these land-destined wastes; toxic heavy metals often accampany
arsenic and add to the dangers. The mechaniams for transport into the environ-
rent include leaching and rumeff into surface and ground waters and transport of
finely-divided duats via wind.

The regqulations should ensure that arsenic-bearing industrial wastes
destined for land disposal be treated and disposed of in environmentally-~-adequate
vays. The determination of what such adequacy entails is complex, as the follow-
ing discussion indicates.

General purpose landfills are charactexized by their acosptance of a wide
variety of wastes and by the usual absence of spacial contairment, monitoring, and
laachats treatment provisions for hazardous wastes. The potential for envirorment
damage by landfilled hazardous wastes differs depending on both the cawposition
and quantity of that waste. Many general purpose landfills will accept small
quantities of hazardous wastes, particularly if they are in drums or plastic



oontainers, but refuse large amunts. When the hazardousness level is relatively
low, due either to the inharent characteristic of the compoard or its low con-
mmﬁmmmmllmmm, even large quantities of hazardous wastes
may bs acospted. Sams arsenic-bearing slags mey be disposed of in general pur-
pose landfills; since the arsenic constituent may be at a very low conoentration,
it may be virtually inscluble (as a stable arsenate, for example}, and it may

be in a f£ixed physical fom (in a2 stable aggregate, for example).

Each gensral purpose landfill has its own ambience - geologically, hy-
drologically, and enviramentally. Ideally, a general purpose landfill would be
locatad in an isolated, &ry part of the country with a thick layer of impermeable
s0il between the waste and the water table, Such areas are plentiful in the western
part of the U.5., but not in the east. However, many existing and future landfill
sites throughout the U.S. can approach conditions which would classify them as
approved landfills, by meeting the following criteria:

(a) anpositimmwlmeofeadlmaxﬂousmis
known and approved for site disposal by pertinent requ—
latory agencies,

(b) The site should be sstbiently suitaple for hazardous wastes.

(c)] Provision is made for monitoring wells, rain water diversion,
and leachate ocontrol and treatment, if required.

The advantages of approved landfill sites include:

(a) Many hazardous wastes may be digposed of in a cantrolled
and environmentally safe fashion.

(b) Selection of landfill sites and disposal technology for
ambience suitability still leaves a great mwiber of available
landfill sites.

{c) Disposal costs, for both transporting the waste to the site
and the landfilling itself, ave kept to levels close to thoae
for general purpose sitee and still mach lower than for secured
lanAfill,
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Prom a practical standpoint many local pegulstory soencies and landg£ill
site owners are informally practicing muh of this discrimination by selective
acceptance of waste materials. 3ites with known high potential for surface angd
grond smber contamination are thereby avoided,

Secured landfills involve additional safequards beyond those described
for approved landfills., Criteria for secured landfills include:

(a) The compoeition and volume of each extremely hazardous
waste is known and approved for site disposal by pertinent
reculatory agencies,

(b) The site should be geologically and hydrologically approved
for extremely hazardous wastes. Included in the criteria
would be a s0il or soil/liner permsation rate of lass than
10™7 cm per sec, a water table well below the lowest level
of the landfill, and adequate provision for diversion and
control of surface water.

() Monitoring wells are provided.
(d) Leachate control and treatment (1f required).

(e} Records of burial coordinates to awoid any chemigal
- tions.
(f) Registration of site for a permanent record once filled.

A nurber of landfills which meet the physical requirements (if not all
the requlatory criteria) are located around the country. California has a number
of Claas 1 impermeable landfills which accept axtremaly hazardous matexials.
Texas has similar sites. A mumber of low level-radiocactive waste landfill sites
accept industrial hazardous wastes. In addition to the radicactive waste sites
various other private secured landfills also take extremely hazardous wastes.

At the present time secured landfills are scattered and not fully utilized. Part
of the lack of utilization stems from the fact that the majority of the sites ayxe
in isolated western areas away from industrial centers. Another reagon for the
lack of utilization is the high cost as cumpared to other available disposal methods.
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Relatively isolated impermeable soll conditions oxist in many areas of
the coantry. If impermeable soll is not available then clay, special concrete,
agphalt, plastic and other liners and covers are availahle to accamplish similar
contaimment and isolation of wastes.

A runber of practices are being used to ensure the envirormental ade—
quacy of harardous waste disposal.

Direct hazardous wastes encapesulation in concrete is now practioed by
at least one contract disposer. The practice is used for amall quantities of
containerized miscellaneous hazardous wastes,

Steel drums, alone or with plastic liners, not only provide some long-
tam containmant but also are the most convenient storage and transportation for
relatively small quantities of wastes. The ultimate problam involved is the
eventual decay of the steel drums. Therefore, unless diaposed of in an appropriate
landfill site, future release to the environment is likely.

In wet climates, sections of or entire landfill areas ave encapsulated
by adding clay or asphalt "caps" or "covers" to inpervious isolation cells or land-
fi11 linars.

The impervious cover is necessary to protect the hazardous waste from
rainfall flooding. Neutralizing or pH control ingredients such as lime may also
be wsed to encase or surround the hazardous waste to avoid solubility, decom~
position or other change in the character of the waste to increase its environ-
mental damage.

In dry climtes, there is no need to encapsulate the entire landfill
gince rainfall and water buildup is not a prcblem. Isolation cells may still be
constructed, however, for specific hazardous waste contaimment,

In wet climates, particularly, both private and public landfills are
paying increasing attention to lsachate collection, monitoring and treatment.
Landfill areas in the State of Permsylvania are representatives of those in a wet
climate and leaching treatment has been initiated in some public landfill areas.
Tha vast majority of the landfill operations handling hazardous wastes, however,
do not have any leachate control and treatment provisions,
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Hazardous sludges are being increasingly treated either on-site or in
oollection areas by mixing them with inorganic chenicals and catalysts to set
up the entire mass intn wolid structures with low luachability and good land
storage or landfill characteristics. There are a nuiber of such processes which
produce solids ranging from crumbly soil-like materiais to cancrete to ceramic
slags.

Once a landfill area has bPeen isolated from surface and groundwater
contact and leachates are baing handled satisfactorily, almost any non-flammable,
nor-explosive and non—air polluting hazardous waste can theoretically be disposed
of safely. There are a number of practical restrictions, however, to this ap-
Proach:

(a) In wet climates the impervious landfille are flooded with

heavy rainfall. Durping of liguids or sludges into the land-
fill only accentuatas the prablem.

{b) Samwe hazardous wastes create hazards for landfill personnel
or give air pollution problems.

(c} Chamical intaractions with both cother materials and the
liner can cause wdesirable side effects.

Control Alternative Aimed at the Cammercial Use of White Arsenic

The wmost direct control altermative is a ban on white arsenic consmuaption,
either on the basis of selective uses, or upon all uses (i.e., a total ban). There
are several strong arguments against bamning white arsenic use:

1. Any actions directed at commercial white arsenic and its
derivatives, even if totally effective in halting all
emissions and dissipations related to cammercial uses,
would only address a small fraction of the total arsenic
quantities mobilized in our econcmy. Much more arsenic
is unintentionally mobilized than is intentionally mobilized.

Of all the arsenic that is mobilized, the comparatively amall
quantity intentionally used is the only portion that serves
useful purposes in our society.
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2. Even if such actions ocould be effective in halting emissions
and dissipations, they ocould not be justified (except for
the case of airborne emissions) in texrms of demonstrated
health hazards. The data qathered in this study indicate
the opposita: that arsenic in water, in food, in the soil,
and gensrally dissipated in the environment as it is now
presants no identifiahle health hazard,

Howaver, the emissions to the air from the intentional commercial use
of white arsenic are sizable and do involve a potential hazard to health, There
is sufficient justification, therefore, to retain the altermatives (for further
consideration) of selective or total bans upon white arsenic use.

The one exception is tha use of white arssnic for very smalle-volume
and specialized items. These are included in the "miscellaneous uses" category
in this report, and include semiconductors, light-emitting diodes, and special
glasses for infrared applications. The health hazards from such uses appear
negligible, while the usefulnegs of arsenic appears quite important.

Needs for Additional Research

One of the results of this study is that very large quantities of arsenic
are mobilized by the primary iron and steel industry. Further research is needed
to validate the quantity estimates made in this study; to validate the hypotheses
made in this study of the distribution of the arsenic to end products, to land,
to water, and to the air; and to determine the envircnmental adequacy of the wide—
spread use of arsenic-bearing steelmakirng slags.

This study made apparent that several emerging technologies will mobilize
very large quantities of arsenic, comparable in magnitude to all the arsenic
gasification, oll shale processing, and geothsrmal energy recovery. Since the
Government is playing an active role in the ressarch and development of these
amrrging technologies, appropriate Goverrment agencies (Envircnmental Protection
Agency, Enarqgy Rasearch and Development Agency, and Department of the Interior)
oould take the initiative in developing effective arsenic removal and disposal
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technicues as integral parts of these processes, highlight the fate of arsenic
in Environmental Inpact Statements, and develop appropriate regqulations as the
tachnologies emexge,

The application by spraying of arsemical pesticides results in relatively
large quantities ataonized or evaporated. Since airborne arsenic trioxide is an
identified danger to luyuan health, further research is deamed necessary to quantify
the hazards to the ganeral population (other than farm workers) from such prac—
ticea, and to seek teciniques for pesticide application which reduce the quantities
lost to the atmosphere or which reduce the range of travel of these airborne
pesticides.
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SECTICN X
(")TS OF ALTERNATIVE REGULATYONS

Bane Upon ¥hite Arsenic Use

| The most direct control alternative upan the camercial flow of white
arsenic and its campounds is a ban upon its use. Such a ban can be all-encampassing,
or it can be for selective uses. This section is intended to estimate the costs of
such bang, to provide information (along with a separate assessment of the feasi-
bility, effectivenass, and benefits of such bans) for evaluating altematives.

The ocsts estimated for each control alternative are in terme of dollars
per kilogram of white arsenic diverted from dissipation via the use in question.
A camparison of oontrol options on the basis of dollars per kilogram of white
arsenic divertad is potentially misleading unless recognition is made of the bene~
fits to human health and to enviramental quality from each such diversion. The
eventual choice of ontrol measures should ideally be based upon the cost per wnit
reduction in health dsmage. Although the correlation betwsen quantities of white
arsenic emitted and health damage has been discussed, the basis for a quantitative
estimata of health damage does not yet exist, For the purposes of this section,
therefore, the banefits of a control altermative will be assessed in terme of
quantity of white argenic diverted fram dissipation, with the results regarded
as the rasults of a screening mechanism of candidate options. wWithout a more
precise measure of hsalth benefite, it is not posasible to idemtify the most cost-
effective options cr to determine the amount of diversion socletally dasirable.
The purpose of this section is to provide an indication of the availsble options,
their likely effects, and the prcbable costs — important stepe in selecting o~
trols to be instituted. |

The ontrol options evaluated here are those which seemed most feasible
in preliminary review. Many alternatives were considered and some were rejected
for detailed analysis because the costs appeared too great fur the perceived bene-
fit on an a priori basis; others were rejected becauss their effectiveness was
ghown to be too small.
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The costs of a control alternmative can be broken into two broad categories.
Long-run costs are derived from the differences between the two "steady states®,
one without a control alternative and one with; these costs extended indefinitely.
The shart-run oosts are those incurred while moving from the steady state without
a cantrol altemative to cne with a ontrol altermative; these costs have a
termination when the steady state with a omtrol alternative is reached.

. A second important distinction among costa is that between thoge inwolving
direct monetary outlays and those which are felt in other ways. If an emission
standard were adoptad, then the control and treatment ¢cost is an out-of-pocket
expense, If the quantity produced dacreases, however, then the foregone consumer
surplus is a cost despite the fact that there is no direct monetary ocutlay.

A ban on white arsenic and its derivatives results in a cost in forcing
people to use swbstitutes; e.q., in forcing users to forego the benefits of arsenicals
over and above the next best substitute. Although there are substitutes in virtually
every major use of white arsenic, they are not perfect substitutes. Sametimes
they cost more, sametimes they don't provide the same quality product, and scme~
times they don't last as long. The mere fact that white arsenic is being used
verifies that it has advantages over the next best subetitutes. It is poesible
that same uses are not justified at current market prices, but it is inconceivable
that all uses are unjustified.

The long-run ¢nst to society of faregoing the present and future benefits
of arsenical products is called the foregone benefits cost, and ooccurs each year
a ban is operative. It is made up of the foregone banefits to users and the fore-
gone benefits to producers. The former is the difference between the market price
and the value of white arBenic in various uses (the amownt that users would have
been willing to pay to have white arsenic available for each purpose.) The latter
is the differmnce between the market price and the cost of producing white arsenic
for the market.

Figure 5 is a simple market description illustrating foregone benefits
fran a ban which prohibits the Ql consumption of white arsenic far, say, herbicides.
Users farego benefits equal to area P2P3Awhile producers forego benefits equal
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to area P,P,A. In othar words, users pay only the P, market price, but the actual
value/unit of arsenic to them is the average value on the demand curve between
P3 ard A. Likewise, producers receive price Pz, but the average cost/unit is anly

ﬂ\eaveragemlmmﬂlecmtcmbeMleﬂA.

By determining the value of white arsenic from demand curves, we auto~
matically consider the possibility of white arsenic substitutes. The difference
behdamthenl spacified demand for herbicides and the lmbzdmmﬂformmimls
as a specific herbicide reflects opportunities for substitutes. Stated otherwise,
the foregone benefits to users from a ban on white arsenic would be P,P,B instead
of the smaller P293 if arsenic had no substitute. Moreover, the slope of the demand
curve D, is detemmined by the relative price, availability, and effectiveness of
substituttes. However, although presently-available substitutes are represented
in the demand curve, new mubstitutes that oould be developed are not generally
included, even though they can reduce the long-ruh foregone benefit cost signi-
ficantly.

There are two basic waystodetexmine'foregmm benefits to white arsenic
users and producars. One approach is an enginesering analysis—an analysis that
a user himself would employ in determining what he is willing to pay for white
arsenic and its substitutes, or that a producer himgelf would employ in determ-
mining how much to produce at each price, A second approach is to trace out
the demand curve (e.qg., thacurvePBA'i.n Figure 5) from (1} cbserved charges in
market prices and quantities and (2) opinions of experts among suppliers and
congumers.

The estimates far this study were developed under the second approach.
The first approach is very expensive ard subject to significant errars fram in-
accwrate or incomplete information.

Arsenic demand curves developed for this study indicate that sub-
stitutes for most uses are much more expensive or are so inferior that the current
$200 per metric ton market price ocould increase to $700 to $800 per metric ton
before users would campletely cease using arseniomls. By definition, the white
arsenic user who would pay as much as $700 per kkg would forego a minimam of $500
benefit per metric ton if the As,0. he can now purchase at §$200 per kkg is banned,
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ThewhitearumicdanmdcurvepgamFigutesmdrmtomdimthat
market price is nearly equal to consumer value for part of the uses, but con-
saer valua is significantly sbove market price in other uses.

In tha log run, foregone benefits are paid by the many consumers of
products in which white arsenic is a cawpoment. It is erroneous to think that
the banefits of white arsenic uses are dbtained by a few producers acting against
the public interest while the henefits of less arsenic pollution ave to be
enjoyed by the genaral public. In the short nn, producars of arsenicals and
manufacturers that wse arsenicals in their products will suffer losses from a
ban. However, in the lang-run, suppliers reach a new equilibrium via copper
prices and the concumers bear the loss of foregune benefits via higher copper
prices and via higher prices or lower quality of products containing sub-
stitutes for white arsenic.

Estimates of foregone benefits are certainly subject to exror. However,
they are often a significant cost to society whenever thare iz a ban on products
for enviranmmental or any other reason; therefore, foregone benefits must be
estimated to provide a cawplete accounting of social costs and they must be
analyzed if we expect to make rational decisions on arsenic controls. Estimates
in this report are dbjective estimates of cost consequences of specified argenic
control alternatives,

Another long-run cost, in addition to the foregone benefits cost, is the
oost of disposing of the excess white arsenic in envircrmentally-adequate ways.
Since white arsenic is a byproduct, As203 and its derivates which camot be sold
{becavee of a ban n use) must continuously be collected and disposed of in a secured
landfill., It should ba pointed out that, by placing a ban on a oertain form of
consumption, total damestic production is unlikely to fall by an amount equal to
that form of consumption. Slacks in demand are more likely to result in decreased
imports. Carried further, sufficient slacks in demand would result in exports
of white arsenic. This aspect further confuses an estimete of this cost,
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There are several types of short-run costs that must be acoounted for:

1. Capital that becomes cbsolate or reduces in value — If arsenicals
are not available for a specific production provess, then either
the capital will be used for other purposes in its present
state, it will be converted for other parposes, or it will lie
idle, depending upon the costs of conversion and the perceived
productivity of the capital in a new fimction. 'The cost of a
white arsenic ban to society depends upon how much of the bene-
fits which could have been provided by the existent capital
can be reclaimed. By introducing a time lag between the announce-
mant of a ban and its institution, these costs can be reduced
significantly,

2. Unenployment — 38 a specific production is halted by a ban
on white arsenic, the labor involved in that production could
becare unemployed. The cost depends upon the ameamt of time
unemployed and their productivity in new jobe relative to
the old jobs. By introducing a time lag between the annoufice-
ment of a ban and its institution, these costs ocan be reduced
significantly.

3. Stockpiling — If the demand for white arsenic is reduced,
stockpiling is likely to occur as a short-run response. The
cost is the opportunity oost of using the resources which go
into stockpiling., ‘The drop in demand will result in fewer
jmports and a short-run stockpiling at the amelter for a
selactive han. For a total ban, stockpiling would probably
not occur since the smelters would have no reason to refine
the vhite arsenic to stockpile.

Because an estimate of the amount stockpiled is dependent an
80 many unknown variables, this cost will not be gquantifisd.
However, since the cost is probably small and it only exists
in the short-run, this will not affect the results appreciably.
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Using the cbove outline ag a guide, the long-run and shart-run costs
resulting from a selactive ban on each of the primary uses of white arsenic
will be considered, as well as a total ban on all foms of white arsenic con-
sumption,

Estimation of Foregone Benefits (Long-Run Costs)

Using the estimated wvhite arsenic demand curves of Figure 3, the foregone
benefits of ban on each of the uses was calculated as the area hetween the de-
mand curve and the supply curve, The results are tabulated below in terms of
the anmual foregone benefits for each selective ban, and the foregone benefits
per kilogram of areenic tricxide diverted for each ban. The miscellanecus uses
of white arsenic were not included in this analysis, as substitutes are not
generally avallsble for specialized uses.

Ame Oy Une Pany MO Diverted Foregone Benefits, Foregone Benaf'its

Angamad kkq/vear Million Dollars AT $/kkg Divarted
Insecticides 5,500 , $ 2,94 $530
Deasicunts snd Degiolisnts 3,500 2.01 570
Hesbicides (Weed Control) 5,000 2.€7 500
foil Bterilisers 4,200 2,33 560
Voo Presarvetives 1,550 1.06 €80
Pead Additives 550 0.41 O
Glass Miicives 2,400 .11 &0
‘otal Ban 23,500 $12.73 $540

The foregone benefits par metric ton of white arsenic diverted amount to
$540 for a total ban, and to approximately that smount for individual bans upan
the agricultural uses. The foregone benefits per metric ton are scmewhat lower
for glass additives (reflecting the moderate elapticity of this curve in Figure 3);
and are samswhat higher for wood preservatives and feed additives (reflecting the
inelagticity of thase curves in Figure 3).
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Estimatlion of Disposal Coats for Excess 28,04 (Lonbg-Rum)

The 1974 damestic white arsenic production was estimated at 8,700 metric
tons. The total domestic demand for white arsenic (24,000 metric tons in 1974)
would not: be raduced to the point where damestic production would be curtailed for
any ane individual use ban; it appears reasonable that reduced imports would be
the result of any single ban. Hence, there would be no disposal cost associated
with any single assumed use ban.

However, a total ban on white arsenic would mean that the 8,700 metric
tons must be disposed of in an envirormentally-adequate mammer. A unit cost for
such land disposal (i.e., secured landfill}, including transportation, is about
$50 per metric ton, (75/123/136) g5 trat the total cost would be $435,000 per year.
In lieu of analyzing the world market to determine if any or all of the excess
white arsenic could be exported, the maximm costs for disposal will be assumed.

Estimation of Short-Run Costs for hszo Use Bans

3

The short-run costs for a ban on white arsenic include the idle capital
and unemployment in the manufacture of white arsenic, and the idle capital and
unemployment in the industries using white avsenic.

The 1967 and 1972 Census of Manufacturers for SIC 2819, Industrial
Inoxganic Chemicals, N.E.C. (in which white arsenic manufacture is classified);
and for SIC 2879, Agricultural Chemicals, N.E.C. (in which most arsenical products

Groas Value of

Value of Ehifl-'ﬁ‘-l mber of Payroll, *imad Massts,

_¥ilMion pollars ] Bwiovsss | silion Dollare
SIC 2819, 1972 Cenmus 3,65%7.8 60,600 666.9 -
8IC 2819, 1967 Ommm 4,348.4 -81,200 662.4 -
SIC 2879, 1972 Cenmys 1,150.8 12,200 116.5 -
SIC 2879, 1971 ASM 951.9 11,960 162.8 416.5
8IC 2679, 1970 ASM . 859.0 12,200 101.9 410.%
SIC 2879, 1369 ABM 96,7 12, 300 3.6 * N4
8IC 2879, 1960 AM 902.4 12,100 5.2 N 4
SIC 2879, 1967 Cacsus 817.0 11,5%00 80.7 72.9
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These statistics were converted into the following average ratios:

a) 14 eployees per million dollars/year of shipments

b) Anmual wages pLer employee are about $10,000.

c) The gross value of the fixed assets are 40 per cent of

the annual value of shipments.

Applying these ratios to the manufacture of white arsenic, where the
value of shipments in 1974 (8,700 kkg at $200/kkg) was $1.74 million, yields the
following values:

25 enployees
§250,000 annual payroll
Groes Value of fixed asgsets = $700,000

Since the domestic white arsenic production is only 36 percent of the damestic
oconsumption (the balance being imports), only a total ban would result in un-
amployment or in idle capital (selective individual use bans should instead
regult in decreased irports). If the average length of unemployment caused by
a total ban were one year, the associated memployment cost would be $250,000.
Tha white arsenic production facilities would probably have no salvage value,
On the other hand, these facilities are not new, and the present (depreciated)
value, taking into acoount possible recent additions for polliution control and
other reasons, is crudely estimated at $350,000. If this present value is
aortized over S5 years, the annual idle capital cost would be $70,000.

Table 21 lists the arsenical derivative products discussed in Chapter
VIII, along with their quantities, prices, and value of shipmants. The substitutes
for these products are organics, and it is assumed that the equipment used for
ramifacturing the arsenicals oould not readily be converted for manufacturing the
substitutes and that unemployment would result. Apply the ratios developed above,
the arsenical derivatives industries, with a value of shipments of $52.9 millicn,
is estimated to have:

740 employees
$7.4 million annual payroll
Gross Value of fixed assets = $21.2 million
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Table 21
Eoonomics of Arsenical Derivative Products

1974 Basig
Unemployment | Idle Capital

: uantity | Awg. Price | Value of Shipments Minual Fixed Costs Qosts /YT
Product $/kday Million Iollars/Year | Baployees | Payroll Assets {6 mos) {10 yrs)
Insecticides 11,700 625 7.3 ' 100 $1,000,000 | $ 2,900,000 ] $ 500,000 $ 290,000
Dessicants 4,400 730 3.2 45 450,000 1,300,000 225,000 130,000
Herbicides 9,800 2,100 20.6 250 2,500,000 8,300,000 1,450,000 820,000
Soil Sterilizers 4,200 415 1.7 25 250,000 700,000 125,000 70,000
Wood Preservatives | 46,000 2,100 12.6 175 1,750,000 5,000,000 §75,000 500,000
Peed Mditives 1,350 5,500 7.5 105 1,050,000 3,000,000 525,000 00,000
Total 37,460 - 52.9 740 $7,400,000 { $21,200,000 { $3,700,000 $2,120,000




The shart-nm ocosts are estimated based upm a 6~month employment pericd; and
uwpon a present value of sgseta ecual to 50 parcent ot the gross value and a
S5-year sportization pericd for this present value. The results of this estima-~
tion are shown in Tahle 21.

More precise estimates of the short-run oosts would of course be desirable,
but the error should not affect the final cost estimate appreciably.

Sumary of the Oosts for Bamning White Arsenic Use

Table 22 maymarizes the cogts for each selective ban and for a total ban
on arsenic use. As Table 22 shows, the foregone benefits are the predominant
costs for all but feed additives (where the value added is very large carpared to
the areenical raw imaterial cost).

For a total ban on arsenic use, the overall first-year costs would be
$20.0 million. The costs for each of the next four years would be $16.0 million,
and the annual costs thereafter would be §13.2 miliion.

Basad upon a consumption of 24,000 metric tons of white arsenic, the costs
of a total ban per matric ton of white arsenic are $830 for the first year, $665
for the next four years, and $550 thereafter.

Costs of Controlling Industrial Arsenic Fmissions to the Atmosphere

The most important nead for additional controls is the reduction of arsenic
trioxide emissions to the atmosphere from high-temperature industrial processes.
The primary copper industry is the largest source of such emissions; an estimated
6,300 metric tons per year of As,0, are emitted. The total As,0, in copper reast-
ing and smelting flue gases amounts to an estimated 30,000 kkg/year, implying that
23,700 kkg/yr arve oollected ard that the collection efficiency is 79 per cent. &an

additional 11,600 ¥kg/yr of As,04 in converter flue gases are removed in byproduct
acid cleaning plants.

The roasting and smelting flue gases are typically passed through dry dust
collection systems, which fall far short of effective (i.e., 99+ per cent) As,O,
capture., Some high-residence-time devices such as "balloon flues" are used but
also with limited success. It appears that high-pressure drop venturi scrubbing
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Tshla 22

Sumary of Costs of Selectad and Total Bans

Oosts In Millions of 19 5 Per Year
Iong=-Rin Costa Short-Run Costs

As;0; Use Ban ) [ 1dle Capital

Aumumed Foregane Banefits | Disposal | (First Year Only) | (Five Years)
Insecticidas 2.94 - 0.50 0.29
Dagejicants 2.01 - 0.23 0.13
Herbicides 2.87 - 1.45 0.83
Soil Sterilizars 2.33 - 0,13 0.07
Wood Preservatives 1.06 - 0.88 9.50
Fend AAditives 0,41 - 0.53 0.30
Glase Additives 1.11 - - -
AS;0; Production - 0.44 0.25 0.70
Total Ban 12.73 0.44 3.97 2.82
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syatems are the tedmnically-feasible contyols far MZOB in these flue gases.
Such systeme are used in cleaning the converter fiue gases prior to marmfacturing
sulfuric acid, and are effective to the point where the commarcial acid contains
only 0.5 ppn arsenic, (158) implying 99+ percent rcwoval of AS,0,. The following
analyeis leads to an estimate of the costs for controlling As,04 emissions from
copper amelters.

The sulfur/copper ratio in copper concentrates is nominally about 1.15,
and about one-third of the sulfur is lost in the roasting and reverberatory
(smelting) steps. S0, in these flue gases is nominally at about a 4 percent
valumetric concentration, although newer plants are being designed to yield
hig!'arsoz cancentrations so that it may be captuved rore economically. For the
conventicnal planta, the above data permits the estimation of the quantity of
flue gases from roasting and mmelting: about 6,700 cublc meters (STP) per metric
ton of copper. If these gases are passed through a waste heat boller and an
electroastatic precipitator, they should be at about 250°C and 1 atmosphere, 80
that the gas volum prior to wet scrubbing would be about 13,000 actual cubic
meters per metric ton of copper.

A "typical" usmelter is defined as having an annual copper productian of
100,000 metric tons {there would be 16 such typical smelters equivalent to the
current U,5. copper production of 1,6 million matric tona). The throughput of
this typical amelter is on the average sbout 0,20 metric tons of copper per minute;
the roasting and amelting flue gas flow rate would then be 2,600 actual cubic
meters per minute (92,000 actual cubic feet per minute).

The 1967-68 total capital cost (purchase cost plus installation cost) for
a high-efficiency (99.5 percent) venturi scrubber with a capacity of 92,000 ACFM
was $220,000.‘159] Updating this cost to 1975 with the Chemical Engineering Plant

Cost Index vesults im a capital cost of $365,000. The anmual oparatiﬁsgfst is
about 5 percent of the total capital cost, or about $20,000 per year.

The scrvbber liquor would likely he recirculated, with a relatively small
fraction bled for rexovai of arsenic and other contaminants. Hypothetically, the
scrubber bleed may be treated with lime followed by sedimemtation; altemately,
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it may be treated with sodium sulfide or sodium hydrosulfide (as in food-grade
phosphoric acld manufacture) with subsequent removal of AS,S, by filtration.

Suwch a conventional system for treatment of the scrubber bleed should cost
approximately $150,000 (installed) for the “"typical® plant; with annual operating
costs of perhaps $20,000.

The “typical” plant would then have solid wastes from the scrubber licquor
treatment of parhaps 500 metric tons per year. At a disposal cost of $50 per
metric ton in a secured landfill, these costs would amount to $25,000 per year.
In this enalysis, no credit will be taken for possible vecovery valuss fram these
wantes.

In sumary, then, this "typical" plant would have overall capital costs
of about $515,000 and annual opevating costs of about $65,000, For the entire

primary oopper industry, made up of 16 such typical plants, the costs for re-

mvalofnmtofﬁtaﬁ,BOOnetrictonsperyearof.\sz%mﬂdheacmpitalmst
of $8.3 million and an annual operating coet of $1.0 million. If the capital
investmant were amortized over 10 years, the total anmual cost would be about

$1.8 million; or sbout $300 per metric ton of P80, removed.

Vary little of the 2s,0, should pass through such a high-pressure-drop
wet scrubbing system. In actuality, the major emissions of 38203 should then be
attributable to flue gases which never are collected; i.e., the leaks and spuricus
emissions fran the amelting procass equipment. Since the total quantity of M203
in all ocopper flue gases amounts to about 42,000 metric tons per year, & ane per-
cent logs of such gases is equivalent to an emission of 420 metric tons per year,

Costs of Oontrolling Arsenic Emissions from Fossil Fuel Combustion Stationary

The same oontrol technology, i.e., high-performance wet scrubbing systems,
could ba applied to the flue gases fram electric pover generating stations and
other stationary sources which burn fossil fuels.

Using a factor of 10 cubic meters (STP} of flue gas genarated par kilogram
of coal burned, ¥ a "typical” power plant that burns 100,000 metric tons of coal
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per year (190 kg/mir) generates 1,900 cubic maters (STP) per minute of flue gas.
Assuming a flue gas temperature of 250°C, the flue gas flow rate would be 3,650
actual cubic meters per -inute, or 129,000 actual cubic feet per minute.

The 1967-68 total capital investment (purchase cost plus installation
cost) for a high-efficiency (99.5 percent) venturi scrubber with a capacity of
129,000 ACEM was $300,000. 49?)  (pdating this cost o 1975 with the Chemical
Engineering Plant Coet Index results in a capital cost of $500,000. The anmual
ogperating oost is about 5 percent of the total capital oost, or sbout $25,000
per vear. (159)

As in the case for the previous analysis (for the copper smelter), a aystem
for treating and recirculating tha scrubber liquar would be required. In a lass
demanding situation than exists at a copper smelter, the installed cost of this
system may amount to $100,000, with annual operating costs of perhaps $15,000.

The "typical" power plant would then have hazardous wastes from the scrubber liquor
treatment of perhaps 100 metric tons per year, At a disposal comt of $50 per
metric ton in a secured landfill, these costs would amount to §5,000 per year.

This “typical" power plant would have, then, a total capital cost of
$600,000 and ammwal operating costs of $45,000. For the entire U.S. population of
coal-burning power plants (4,500 such "typical" plants), the reguired capital ocost
would smount to an estimated $2,7 billion, and the anmual operating cost to $200
million. If the capital investment were amortized over 20 years, the total annual
cost would be about $335 million. Even if these costws were apportioned amoang all
the hazardcus mate,-lals ramoved by such control systems, an sstimatad 10 paroent
aconmntable to arsenic would be $33,5 million per year. Since the total quantity
of arsenic in present atmospheric emissions fram coal corbustion is 650 metric tons
per year, the costa of such a control measure would be sbout $50,000 par metric
ton of arsenic remwed, or $39,000 per metric ton of As,0, removed.

Costs of Safe Disposal of ILark-Destined Wastes

Large quantities of arsenic and its compounds are in the form of industrial
axi comercial wastes. Slags, sludges, and collected flue dusts fram a variety
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of sources contain arsenic and other hazardous substances. 2n estimate of the
total waste quantity, the arsenic content, and the total hazardous comstituents
is:

Total Hazardous Total Hazardous Arsenic

Wastes, Constituents, Quantity,

r_&rg_ e kkg/year kkg/year kkg/year
Primary Zinc (Pyro) 288,000 47,200 120
Primary Iead Industry’’> 542,000 61,200 800
Primary Copper Industry' ™) 6,089,000 95,200 12,000
Other Pri. Nan-Ferrous Metals!’> 30,000 500 50
Phosghoric Acld Bluiges 1,000 150 90
Mangeanesa Smalting Dusts 5,000 1,000 350
Iron and Steal Dusts+3Y 1,951,000 20,000 1,350
coal Combustion Ash 45,000,000 15,000 1,800
Totals 54,000,000 248,000 17,560

The costs for environmentally-adequate disposal range fram 0 to $50 per
metric ton of wastes., The lower costs are applicable to slags, where the arsenic
and other hazardous constituents may already be chemically fixed (as arsenates,
etc.) and so not susceptabls to leachinyy, The higher coets are applicable to
lined ponds, impervious landfills, concrete pits, collection and treatment of
leachates, surface protection from dispersion of dusts, chemical fixation of
sludges and dusts, etc.

In the major non-ferrous primary metals industries (zinc, lead, and
copper) the overwhelming majority of the total wastes are slage, rathar than
sluxiges or duets. Oosts for environmentally-adequatce land disposal have been
estimated. (75)

Metal Production Disposal Cost Disposal
Industry Kkg/yr Per kkg Product ost/¥r
Primary Oopper 1,600,000 51.29 $2,060,000
Primary Lead 610,000 1.37 840,000
Primary Zinc (Pyro) 290,000 4.20 1,220,000
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These costs, and the disposal costs for the arscnic-bearing wastes from
other industrial sources, are only partially attributable to the control of
arsenic pollution, since other hazardous constituents are in these wastes.

For the primary copper industry, which is the source of three-fourths
of the arsenic in all land-destinad wastes, the total estimated costs are $2.06
million per year. Tf these costs are apportioned among all the hazardous con-
stituents (totalling 35,200 kkg/year), the shave to be bomne by oontrolling arsenic
(13,000 kkg/year) would be $280,000 per year, oxr about $22 per metric ton of _
arsenic. Using this unit cost to extrapolate to other sources, the total apportioned
et for enviraumentally-adequate dispoeal of arsenic wastas would be about
$380,000 per year.
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