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ARSENIC

EIAINE N.A. KOREN

Arsenic occurs 48 3 miner constituent of polymetallic sulphides mined primarily
for their mpp&n fead, silver or gold content. Major arsenic-conalning minerals are
Lu:ae:m:;;;' ite (FeAsS), realgar (As,8,), and orpiment {As.8.). The arsenic content of the

garth's crust is 1.5-2.0 mg;"}:g; it ranks 20th in .ﬁhun,l.ﬁ:cf: in re}az:‘fm to other elements
(INAb 1977). Oxidized forms of arsenic are usually found in sedimentary deposits. The
elemental oxidation siate, ﬁmz_zéh stable in regjuci avirgnments, is rarely found, Table
1 gives S&merangas gf the arsenic contenmts of cr&ztzé materials, High levels of arsenic
G &

may also oceur in als. Tg;e average arsenic contenmt of conl in the Canada was

1 A0 Q08 13
estimated at 0.3-320 mg/kg. In some coul mined in Czechoslovakia, the concentration of
arsenic has been shown to be as high as 1500 mg/ke.
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CANADIAN DEVELOPMENTS

™ With the continued decline of thé arsenic market, current environmental and
healitnconsiderations, Royal Oak Resourczs Lid's Giany Yeilowhknife Mines, located in
the Nortkwest Territories continues to stockpile its arsenic rioxide recovered from dust
and residugsgollected during the roasting of gold ores in permanent underground stope
encr}pm'zenrs}’Rea:'m’eryt chnology includes the slectrostatic p*;mmtdtmn of dust,
cooling of the arsenic-containing gases d.l}d ollection of arsenic trigxide in the baghouss
which grades 85 t0 93 per cent. Approximately %0 tonnes of material was s.mpp\.ci to the

USA for testing purposes.

With shifting priorities since the Royal Oak takeover, Gian
[WAROX ] pilot plant project 10 treat crode arsenic 1 i
produce high quality -'ndimnéi product [purity of 999% } bas bcéz

31

Ci'

project would mvch,., usit ng sintered metal wechnalogy, for recov: iy :
be used in wood preservative industry. andsFusmine pracess Viealds
¥
Thickenson Mines', Red Lake Division had been recovering the by-product arsenic
from dusts and residues associated with the ’”"i*‘iiﬁ; of thess ores end collected as
impure arsenic wioxide which is ¢ s;zze:: purified on site or sold direedy 10 a refiner,

15, Toasting of the
1030, Instesd, arsenic extraction mmrx

5_4'3 VEIL CUTTEDN e'ﬂ ronmenial, hezlth a
arsenic-rich ores has been dizcontinus d Ei
mmg,_-; bulk su L)n;uw flotation yielding
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stored in underground stopes and tail
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3
bacterial oxidation [BIOX] or 2 pressure oxidation process using an autoclave, It is
expected that ait}zer choice will pzz;-:,h the percennage of gold recovery to 95%. Current

Tuid recovery is in the mid-8Gs. To date, the expec cted investment of the pressurs
oxidation process is in the ordsr of $25 Million whereas the BIOK in i
agpraﬂmamh 25% of the former,

Plac
stream and s

'D

sr Dome's Campbell mine re cemtly fon July 19] bronght an autoclave on
S T
complerion] converts sulphides wo sulphares, Hence, arsenic siu

hutdown the roaster on July 20, The pressure ai ation process [99.99% O,
'e$ can be turned ing

ferric arsenate, r __m:} environmentally t ?ﬁzm‘z&rmﬂﬁ, & process enhances
recovery of associated meta resi tues formerly lost in tailings, ’ﬂze ferric arsenate then
passes through & clarifier and the resulting sludge is stored in designared ponds.

1t is estimated that Placer Dome's payback will be within two and half years,
Additional benefiis include m\.r:aas«:d gold recovery, reduced cyanide and caleine
comumprmn, use of a single stage leac e tank wmpafcd with the former multi-stage
processing and reduced metal o s es in the tailings {i.e. from 025 - 0.29% o0z/t 10 0 00s -
0.01 % oz/1).

Nerco Minerals, hased in Vancouver, Washington has stated thar it will treat and
stabilize toxic sludges that were produced at its Con ‘v‘um in Yellowknife, Northwest
Territories between 1948 and 1970 using the pressure oxidation process, Nerco inherited
approximately 40,000 tonnes of arsenic-laden sindges when It purchased the mine from
Cominco Ltd,, Toronio in December 1986 for $46 Millioa.

Nerco Con Mine Lid,, the Yellowknife-based subsidiary that currently operates
the mine, has been exirzeting arsenic-rich ares since June 1990 and stockpiling the mined
materials while walting approval fmm zhc Northwest Territories Water Bacird which will
review the pmpmsd technology in a plan subminted by the company by February 22/91.
With approvals given, the company Tﬂu‘i‘ {0 start-up schedule in the first week of July
1992
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by-product of
ian arwme: En(‘iz.iﬁf shipmenis
hippe z’ lahoratory testng in the
ither stored in un_L- g m,:zd

Canadian arsenic production is produced as
the treatment of arsenious gald ores, The value of
in 1991 is not available given 1hat 40 tornes Were s
‘-55"‘1 with the remain f roduced materis

stopes or converted 1o i erric .a rsenate for storage.
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WORLD PRODUCTION

Although arssnic metal pmé;uc‘éan-ie, sed in 1987 following the closure of
Boliden's old po Umstd?hf’ mine, arsenic trioxide production was stopped only in April




“The Unirted States remains the world's Lzrz:re 51 consumer of arsenic, usiy

-y
e

1991, In 1990, the arsenic trioxide plant produced only 2 000 tpy our of its 15 000 fpy
capacity from its dmrmmhmg stockpile,

According 1o the US. Burean of Mines, maz,

or saurces of arsenic trioxide include
Peru and the Pnﬂf?p:z‘mﬁ {from copper ores), Chile {co

=r-g0ld ‘::&S} and Canada (gold

ores). W’m?dv-'ff e arsenic metal reserves ﬁp:mm’n;,z& m tonnes. r*har it is

estimated that world resources of copper and lead contain aﬁgr{;}:h:_ ly 11M 1omnes of
ars;f:ms:.

USES

In 1991, about 70% of arsenic was used in wood pr iarvﬁivtzss 229 f}? agri ul ural
25% oy 2% s

chemicals, 4% in glass manufacturing, 2% in nonferrous a
worid production.

The wood preserving chemicals most commonly used are chromated copper
arsenate (CCA), ammoniacal copper arsenate (ACA) and fluorochrome arsenate phenol
{FCAP). Arsenical wood preservatives are used when sver 70t or inseqt damage may
occur such as in building foundations, fence posts, submerged footings and utility poles.

. The %m,ulmm share of arsenic use has dro poed from over 80% a decade ago 10
the current 22%. Monaosodium methancarsenate (MSMA) and disodium
methanearsenate (DSMA) are the most common agricultural arsenical chemicals, These
compounds are used as herbicides, plant dasiceants “and defoliants primarily in the cotton
indusiry where they control grmav nd broad-leaved weeds, Arsenicsls are considered
essential a8 growth regnlators for grapefuit growers and for the control of some grape
diseases.

The glass industry uses arsenic wiovide as a decolourizing and 2 refining agent.
Due i’) 1*r'ms51 ntal concerns the U?t.l&'; indusiry h a5 been substi tuting arsenic acid for
arsenic trioxide to reduce dust problems associat ted with handling the trioxide.

Arsenic metal is used 25 2 minor alloying ¢ ;erz ((1-,05) in certa copper and
lead based a 1: vs. When added to lead for use in acid storage bazteri:_zs? arse.ms
strengthens the lead posts and grids 1o help withstand sudden ;ars Arsenic Is also added
10 iaad, in many countries except the US, ﬂa make :nat for bui ets, Arsemic mf:zeasss the

¢i

cOrT o«mr rémran{,e s:,m:f tﬂzf»i’iz strength of copper wsed in industrial pm; p_}. ing and
ide can be use d in place of arsenic metal in som fiﬁf‘:r}-'iz‘;g

apphémmm am,uugL it is more difficult 1o use aad creates more ~nwmnm$r1 ’

problems.

High purity arsenie mezal {99.999 %) is used in the elactronics industry, Galllum
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senide and s alloys are important semiconductors and are used in s
Jig j‘h-wrf‘ ung 1' des, aﬁ;:ess ave devices, solar ce Is .:1 ;ﬁ acnsze
higher operating fraguencies, E i
0

ar iu"hp duets a8
rfacas (J Higm

arsenides h ave

z“éh» r resistance o muclear fadig.ai th.m hel

E 33
1 supe
;n wood p reservatives pentachlorophensl and creosote may be substituted tor
4 - o ta FEUTA Y e d o nm s iyl mte] o e s b £ \ . A
chromated copper arsenate (€ _‘;%} c.mc.l am if.umz_e,a} ;;. pg gr arsenate {ACA) where odour
BT -

and paintability are 1
be substruted for arse

{a agricultural uses, synthetic organic ¢¢ mpa nds, such 43 parquat may be
substiturad mr arsenical pesticides, hﬁl‘b&‘ldc% angd desi *a nis. To date, there are no
available alternaiives 10 the of arsenicals as growth regulatoss for grapefraly and for the

control of some grape diseases,

The use of arsenic in the glass industry is declining. Corning Glass estimates that
they use nearly 900 {onnes of 734 ‘Z HAsO, hqmu per annum in their glass operations,
Increasingly cerium and cobalt are u used ma inly in conjunciion with selenium as an
oxidation-reduction butrer,

Arsenic use in alloying and brass is diminishing with new regulazory requirements
to prevenmt site specific usage, Le. prohibit the use of arsenic in any subitances that may
be sotally or partly submerged applisnces or equipment. .

Wide rangs substitution of arsenic’s major end uses yuay stem from the fact that
arsenic is not widely recycled. For éX;iZ?;ZﬁE, ihe losses at all stages of the manufacturing
process for LEDs [tight emduing diedes] are quite high. Only a fraction of the gallium
arsenide in the o 1g.m~1 ingot ¢énds up in usable deviczs. Some of these losses could be
recycled. Companies speclalizing in gallium recovery from electronie serap have begun
10 fmp:,:r in Japan, the USA and Burope. The extent to which arsgnic Is also recycled is
a0t kn n, -mw 3T, gzﬂ current environmenial considerarions, it 43 ikely that the

arsenic is recovered congurrently,
HEALTH AND SAFETY AND REGULATORY DEVELOPMENTS

Environmeanial arsenic exposurs has received attention prinrily because of




resulting from inges:

have been those of f.:r;:n*u arse ; 15(3;-? g

changes such as skin cancers, Ei;;ﬁgﬁ ‘ é%}. ed nerzpherJ
vascular deficiency L ading to gang:gze}; peripheral neuropathy, plus n&fﬁ&tﬁp@égtm,
renal, and hepatic toxicity. “i;npum have %r i ater containing 1283
than 1 000 ug/l of arsenic over g period of

and ingestion of
1fligt n“ E‘:ﬁd{inhiﬁ
E‘":rr cancer, For

::ﬂgge:,t‘ tha

example, 3. a:z*é\ by ASARCO
indicated & « rtaken b,' the
Departmert : . m:;aiih effects of
arsenic in Yellov : ing camps where arsenopyrite Is m&sted WerE
ineonclusive and sh nw::d no sw.h e\x‘d nce. [Lung cancer has not beert asso ciated with

the ingestion of arsenic-contaminated water T.]

In Canada, arsenic and its compounds have been listed int Group 1 of the Priority
Substances List. Through the Departments of Environment and National Health and
Welfars, arsenic and its compounds have been assessed 10 determine whether they are
toxic according to the definition specified in Section 11 of the Canadian Environmentul
Proteciion Act [CEPA]. The finel report with its conclusions will be made available in

the second quarter of 1992.

Irs the U.S,, arsenic and its compounds are regulated by the Occupational Safety
and Health Administration (OSHA), which ha.», set an 8-hour time-weighted ocenpational
exposure limit to inorganic arsenic of 10 ug/m’. Arsenic also falls undar the
Bavironmental Protection Agency's (EPA) ‘Supcrfund legislation as the EPA is
particnlarly interested in groundwater contamination and arsenic ermnissions.

In Septemb omuission of the European Communities issued couns il
directives relating the marketing and use of arsenic and its ¢ ompounds.
These include ;;zc;h nie compounds for the prevention of fouling by micro-
organisms, plants hulls of poats: cages, floats, nets and any other
:—mﬂi ances O &f uip,.‘ nt uitzi or fish or shelifish farming; any totally or partly
subm ngrged apph 1 in the preservation of wood; {the ban does not

apply 10 solution of the CCA [copper - ¢hromium - arsenic] typs
employed in indu using vacuum of pressuré to impregnate wood,
nMember e on their territory the use of preparations of the
DFA [dinito 'p_“s fluoride - arsenic] type for the retreatment in st of wooden poles
already in place rine overhead cables. These preparations muist be employed

by pro fezsipnals using vi .07 Pressurs,
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PRICES (in $US)

At the cutset, in 1991, the Chinese tried and failed 10 get 2 grip on the arsenic
¢ trade

3
markst. By the end of January, arsenic had waded tp 1o 1768 1.40/1b
activity that was going against the general wend of the base metals. The Hong Kong

traders were sceptical of the price increases which is believed 10 be the work of 2 few
European traders. Traders in China | ted that arsenic producers are unlikely 1o
bring on stream idled capacity 10 meet the new demand after last vear's experience
[arsenic prices went from USS 0.50/10 in fate 1959 to over 1183 6,00 ezrly 1990 on
ioh started up after the 1990 prics increase

sirnilar supply scares]. Many producers wh
shut down again after the price dropped.

e o e e \»’ﬁ, A-..cs% R T Y . Al Wass § i i W X ¥
Given current economic and environmental conditions, these producers are

reluctant 10 restart operations due 1o lack of certainty of the duration of the latest budl
run, Observers speculates that arsenic prices may rise to approximately USS 2.00/1b on
the nearby squeeza, At year end, the Chiness material was available in the US free

marker for as lile as USS 0.82 - 0.85/1b in a cash market.

OUTLOOK

The outlook for arsenic is somewhat uncertain though supplies are abundant and
demand is expected to remain relatively flat. As arsenic is produced primarily as a by-
product, its production is dependent on the demand for, and proguction of other metals
(copper, gold, lead and zinc). However, environmental concerns have reduced demand
for arsenic. Although substitutes exist for most uses, arsenical compounds are sither the
preferred or only product for specific uses (Le. grapefruit orchards and grape vineyards).
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TARIE 1; Arsenic in crusial materials

Type Hunype

Igneous rocks As Img/kg]

ultrabasic 03« 16

basalts 0.06 - 113

andesites 0.5-58

granitic 0.2-138

silicie, voleanic 0.2-122

Sedimentary rocks

Hmestones 0.1 -20

sandstones 0.6 120

shales and clay 0.3 - 490
Y’ phosphorites 0.4 - 188

[ o




Ho, ¢

—~—
Lol |

L
e ]
a4

F e i
e

-
Lo |

L]

- MILL DEPT,

D
ad

fHIH

¢
"

FRON BIANT ¥k

»

o

ARSENIC PRICES

"OR 1981

[Weekly Prices from the Meta: wﬂﬁa.iﬁ
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