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FOREWORD

Section 304 (a)(l) of the Clean Water Act of 1977 (P.L. 95-217),
requires the Administrator of the Environmental Protection Agency to
publish criteria for water quality accurately reflecting the latest
scientific knowledge on the kind and extent of all identifiable effects
on health and welfare which may be expected from the presence of
pollutants in any body of water, including ground water. Proposed water
guality criteria for the 65 toxic pollutants listed under section 307
(a)(1) of the Clean Water Act were developed and a notice of their
availability was published for public comment on March 15, 1979 (44 FR
15926), July 25, 1979 (44 FR 43660), and October 1, 1979 (&4 FR 56628).
This document 1s a revision of those proposed criteria based upon a
consideration of comments received from other Federal Agencies, State
agencies, special interest groups, and individual scientists. The
criteria contained in this document replace any previously published EPA
criteria for the 65 pollutants. This criterion document 'is also
published in satisifaction of paragraph 1l of the Settlement Agreement
in Natural -Resources Defense Council, et. al. vs. Train, 8 ERC 2120
(0.D.C. 19767, moditied, 12 ERC 1333 (D D.C. 1979). ;

The term “water quality criteria" is used in two sections of the
Clean Water Act, section 304 { J(1) and section 303 (c)(2). The term has
a different program impact in each section. In section 304, the term
represents a non-regulatory, scientific assessment of eco1ogwca1 ef-
fects. The criteria presented in this publication are such s¢ientific
assessments. Such water quality criteria associated with | fspecific
. stream uses when adopted as State water quality standards under section
‘303 become enforceable maximum acceptable levels of a pollutant in
. ambient waters. The water quality criteria adopted in the State water

guality standards could have the same numerical limits as the criteria
" developed under section 304. However, in many situations States may want
to adjust water quality criteria deve}oped under section 304 to reflect
tocal environmental conditions and human exposure patterns hefore
incorporation into water quality standards. [t is not unth their
adoption as part of the State water quality standards that the criteria
become regulatory. i

Guidelines to assist the States in the modification of .criteria
presented -in this document, 1in the development of water| quality
standards, and in other water-related programs of this Agency, are being
deve1oped hy EPA. S

STEVEN SCHATZOW 1
Deputy Assistant Adm1n1strator
Office of Water Regu]at1ons and Standards

t
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CRITERION DOCUMENT
ANT IMONY

CRITERIA
Aquatic Life

The available data for antimony indicate that acute and chronic toxicity

to freshwater aauatic 1ife occur at concentrations as lTow as ?,000 and 1,600

ug/1, respectively, and would occur at lower concentration% among species
that are more sensitive than those tested. Toxicity to élgae occurs at
concentrations as low as 610 ug/1l. l

No saltwater organisms have been adequately tested with a%timony, and no

|
statement can be made concerning acute or chronic toxicity.

Human Health

For the protection of human health from the toxic properties of antimony

5

ingested through water and contaminated aauatic organisms, the ambient water
criterion is determined to be 146 ug/1. :
i

For the protection of human health from the toxic properities of
I
antimony ingested through contaminated aauatic organisms alone, the ambient

water criterion is determined to be 45 mg/l.

. Covii
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INTRODUCTICN

Antimony, a siivery, brittle solid, belcngs to group YB of the periodic
table and lies between arsenic and bismuth. It is classified as both a me-

tal and a metalloid. It has an atomic number of 51 and an atomic weight of

7
;

121.8, and its principal oxidation states are +3 and +5,

Antimony reacts with both sulfur and chlorine to form the triand pentav-
alent sulfides and chlorides. Oxidation to antimony trioxide, the major
commercial oxide of antimony, is achieved under controlled conditions. Sti-

. !
bine, antimony trinydride, is formed by the reduction of antimory compounds

[

in acid media using zinc or cther reducing metals. ;

Solubilities of antimony compounds range from insolubie, to fully solu-

-
1

ble. Most inorganic compounds of antimony are either only?s?ightly water
soluble or decompose in aaueous media. Antimonials such asfpotass%um anti-
&ony tartrate, in which organic ligands are bound to the é]ement and em-
ployed therapeutically, are water soluble. i

The briftlé character of antimony metal precludes rolling, forging, or
drawing but accounts for improved hardness and Jowered me1tﬁng point in ai-
loys with lead, pismuth, tin, cooper, nickel, iron, and cobaht. In particu-
iar, the metal is heavily employed in antimonial lead, in éearings, and in

ammunition, “ , .

The most important antimony compound in commerce i p{obab?y antimony

R {
trioxide, a colorless, insoluble powder, the properties of wpich place it in
|

nigh demand as a flame retarding agent for many commodities. It is insolu~

ble 1n warer and c¢ilute nitric or sulfuric acids but is sé]uble in hydro-

chloric and certain organic acids. It dissolves in pases io:give antimonate.
. o

A second form of antimony having commercial usefulness ﬁs antimony tri-

£ 5 . . N . -
sulfide, Sb253, which 1is ‘converted t5 the trioxide for . use as a flame

3
i

r

H
A=l .



retardant. Other uses are in the manufacture of fireworks and matches. An-
timony trisulfide is insoluble in water but dissolves in concentrated h}dro-
chloric acid with the evolution of hydrogen sulfide. It is also soluble in
strong alkali solution.

Antimony shows some definite cationic behavior but only in the trivalent
state..‘For examb1e, antimony (ifI) forms complexes with inorganic and or-
aganic acids to oroduce antimonial salts such as the ,disulfate
[Sb(504)2}~’ the dioxalate Sb(C204)'2 and the well known _ tar-
trate, (Sb(OH)C,H,0.)™ (Weast, 1977 Windnolz, 1976).

Antimony is a naturally occurring element which comprises between 0.2
and 0.5 ppm of the earth's crust. Environmental concentrations of antimony
at 35 parts per théusand of salinity are reported as 0.33 ug/l in seawater
and as 1.1 ug/l in freshwater streams. ‘

In the environment antimony may enter aauatic systems ffom natural
weathering of rocks, runoff from soils, and effluents from mining and manu-
facturing operations, as well as municipal and jndustrial discharges. Anti-
mony concentrations are generally in the low ppm range for uncéntaminated
sediments, while sediments within 1 km of a cobﬁer smelter have shown levels
of several thousand ppm (Crece]ius; et-al. 1975). i !

Certain antimonial ccmp1gies undergo hydrolysis or oxidations reactions-
and consequently are not long-lived in the environment. Both the oxide of
antimony and the trihalides are volatile compounds, while antimony trichlo-
ride releases hydrogen chlioride gas in the presence ‘of moisture,(U.S. EPA,
1976). Antimony trioxide can undergo photo-reduction in the presence of ul-
traviolet light in aaueous solutions (Markham, et al. 1958).

Sevaral metals surrounding antimony in the periodic table undergo the

methylation of inorganic compounds by microorganisms to yield organometallic



compounds that are stable and mobile in water and air. Parris' and Brinckman
(1976) report that although no obvious thermodynamic or kineti¢ barrier éreq
vents this reaction, biological methylation of antimony has not been

t ~ f -

demonstrated. / . ;
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Aquatic Life Toxicology*

INTRODUCTION

Antimony exisfs in three valence states (-3, *+3, and +5>, but the -3
state 1S not stable in oxygenated water. For the +3 state, aétimohy triox-
ide is not very soluble in water. On the other hand, antTmon trichloride
is very soluble, but it will form the insoluble antimony oxyéhlotjde. The
+3 state also forms water soluble complexes with some acids, such as in po-

|
tassium antimony tartrate. Little seems to be known about the!aqueous chem-

!

istry of the +5 valence state. ‘

The data base for antimony and freshwater organisms is small and indi~
cates that plants may be more sensitive than fish or 1nvertebrate species.
There are no data to evaluate the effect of water quality on the tox1C1ty of

antimony. i

The saltwater data base 1s 1imitgd to the results of féur tests with

antimony trioxide.
All test resulis are expressed in terms of the mgtal.
EFFECTS

Acute Toxicity

The acute toxicity to Daphnia magna nhas been determined @y four inves—
tigators using three different antimony compounds. Anderson' (1948) deter-
mined a 64-hour ECSO of 19,800 ug/1 for antimony trich]oride (Tabie 6).

The 48-hour value for antimony potassium tartrate was 9,000 u@/i (Table 1).

*The reader s referred to the Guidelines for Deriving water Quality Criter-
ia for the Protection of Aquatic Life and Its Uses in order to better under-
stand the following discussion and recommendation. The following tables
contain the appropriate data that were found in the literature, and at the
bottom of each table are calculations for deriving various m@asures of tox-
icity as described in the Guidelines. .

3-1



Kimball (Manuscript) tested Daphnia magna and antimony trichloride with and

without feeding and calculated 48-hour LCgy values of 12,100 ‘and" 18,800
ug/1, respectively (Tables 1 and 6). Test concentrations were measured in
the last two tests. These data for Daphnia magna indicate that feeding pro-
cedures and the use of three different antimony compounds did not, if at
all, ‘significantly affect toxicity. The species acute value for Daphnia
magna is 18,800 wg/1 (Table 1). The 96-hour LCgq f:)r the fathead minnow
is 21,900 ug/1 for antimony trichloride (Kimball, Manuscript).

Tests with antimony trioxide and the bluegill and Daphnia magna re-

sulted in 50 percent effect levels greater than 530,000 ug/1 (Table 6).

No lethal effect on the saltwater mysid shrimp, Mysidopsis bahia, was

observed after 96 hours at static test concentrations as high.as 4,200 ug/?
{Table 6). The 96-hour L(:50 for the sheepshead minnow is between 6,.200
and 8,300 ug/1 (Table 6). ' '

Chronic Toxicity .

i

A life cycle test with Daphnia magna and antimony trichloride produced

Timits of 4,200 and 7,000 ug/1 for a chronic value of 5,400 ug/1 (Table 2).

No adverse effects on the fathead minnow (U.S. EPA, 1978) were observed
during an embryo~larval test with antimony trioxide at the highest test con-
‘centration of 7.5 ug/1 (Table 2). However, a‘comparabTe test with'antimony
trichloride (Kimball, Manuscript) produced: limits of 1,100 and 2,300 wg/1
for a chronic value of 1,600 ug/l.

The acute-chronic ratjos for the cladoceran and the fathead minnow were
3.5 and 14, respectively (Table 2). These results provide a geometric mean
acute-chronic ratio of 7.0. - ‘

The species mean acute and chronic values are summarized in Table 3.

No chronic test has been conducted with a saltwater species.
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Plant Effects

The 96-hour EC.. values for chlorophyll a:inhibition and reduction 1n

50
cell numbers of the alga, Selenastrum capricornutum, are~6lb and 630 ug/l,

|
respectively (Table 4). Tnese results indicate that aquatic plants may be
more sensitive than fish and invertebrate species. f
No inhibition of chlorophyll a or reduction in cell numbers of the

alga, Skeletonema costatum, were observed at concentrations as high as 4,200

g

g/l (Table 4).

'
f

Residues f

i «

There was no detectable bioconcentration of antimony by the bluegill

above control concentrations during a 28-day exposure to antimony trioxide

’

(Table 5).

Miscellaneous

The data in Table 6 have been discussed previously.
Summary ;

There are 1nsufficient data to determine whether or nb} water quality
affects the toxicity of antimony to freshwater or saltwatéh aquatic life.
Test§ with antimony potassium tartrate and antimony trIChY%ride anq Déghnia
magna suggest no difference in toxw;ity between these comppunds. No acute
ioxic1ty was observed for the less soluble antimony trioxide and this same

species. . The LC50 “and EC50 values for Daphnia magna and the _fatnead

minnow ranged from 9,000 to 21,900 ng/l. Chronic values and acute-chronic

ratios (in parentheses) for the fathead minnow and Daphniaimagna were 1,600

5
(14) and 5,400 ug/1 (3.5), respectively. The freshwater alga, Selenastrum

capricornutum, was more sensitive than the tested animal species with a

96-hour EC;y for inhibition of chlorophyll a of 610 ug/l. whole body
, - j
analysis of blueg11l cemonstrated no uptake beyond that present in control

+

fisn.

8-3



Several tests have been conducted with sa1twéter species and antimony

trioxide, bué no definitive data resulted.
-CRITERIA

The available data for antimony indicaﬁe that acute and chronic toxici-
ty to freshwater aquatic 1ife occur at concentrations’as low:as 9,000 and
1,600 ;g!], respectively, and would occur at lower concentrations among spe-
cies that are more sensitive than those tested. Toxicity to algae occurs at
concentrations as low as 610 ug/l.

No saltwater organisms have been adequately tested with antimony, and
v ! .

no statement can be concerning acute or chronic toxicity.
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Specles

Cladoceran,

Daphnia magna

Cladoceran,
Daphnia magna

Fathead mlnnow,
Pimephales promelas

Yable 1. Acute values for antimony

frichlorlde

Bringman & Kuha, 1959

Kimbal |, Manuscript

Kimball, Manuscript

Specles Mean
LC50/EC50 Acute Value .
Method® ‘Chemical (ug/1)%- {ug/)** Reterence
FRESHWATER SPECIES

S, u Antimony potas~ 9,000 9,000

slum tartrate
5, M © Antimony 18,800 18,800

trichlorlde '
FT, M Antimony 21,900 21,900

* 5 = static, FT = flow-through, U = unmeasured, M = measured

“%Results are expressed as antimony, not in terms of the compound.

No Flinal Acufe Value Is calculable since the minimum data base requirements are not met,
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Table 2. Chronlc values for antimony

Chroalc
Limlts Value
Species Mathod® Chomical (ug/1)"*  (ug/1)"*  Reference °
) FRESHWATER SPECIES
Cladoceran, Lc Antlmony 4,200~ 5,400 Kimbal i, Manuscript
Daphnia magna trichioride 7,000
fathead minnow, E~-L Antimony >7.5 - U.S. EPA, 1978
Plimephales promelas trioxide
Fathead minnow, E-L Ant imony ~ 1,100~ 1,600 Kimbal t, Manuscript
Plimephales promelas trichioride 2,300
* {C = life cycle, E~L = embryo-larval
**Reosul ts are expressed as antimony, not in terms of the compound,
Acute-Chronlic Ratlos
Chronic Acute
Value Value
Specles Chemical (eg/1) (ug/1) Ratlo
Ciadoceran, Ant imony 5,400 18,800 3.5
Daphnia magna " trichloride
Fathead minnow, Antimony 1,600 21,900 14

Plmephales promelas

trichloride

!

Geometric mean acute~chronic ratio = 7.0



Table 3. Species mean acute and chronic values for antimony

Specles Mean Speclies Mean
Acute Value® Chronic VYalue . Acute-Chronic

Number Specles ’ ) {pg/)) {ug/1) Ratjo"*
FRESHWATER SPECIES

2 Fathead minnow, 21,900 1,600 14
Pimephales promelas
] Cladoceran, 18,800 5,400 3.5

Daphnla magna

# Rank from high concentration fo low concentration by species mean acute value.

#¥%5ap the Guidellnes for derlvation of this ratio.



Table 4, Plant values for antimony (U.S. EPA, 1978)

Specles

Alga,
Selenastrum capricornutum

Chemlcal

FRESHWATER SPECIES

Alga, :
Selenastrum caprlcornutum

Alga,
Skeletonema costatum

Alga,
Skeletonema costatum

Antimony
irioxide

Antimony
trioxlde

SALTWATER SPECIES

Ant lmony
trioxide

At lmony
trioxlde

Effect

96~hr EC50 for
chlorophyll a
inhibit lon

96~-hr EC50 for
reduction iIn
cell numbers

96~hr EC50 for
chiorophyll a
inhiblition

96~hr EC50 for
reduct lon In
cell numbers

610

630

>4, 200

>4,200

* Results are expressed as antimony, not In terms of the compound,



Yable 5. Resldues for antimony (U.S. EPA, 1978)

Specles i T la:sue Chomicat

FRESHWATER SPECIES

Bluegi it, whole body Ant Imony
Lepomis macrochirus trioxide

Bloconcentration Duration
Factor {days)
" 28




Table 6, Othor data for antimony

Result

Specles Chemical Duratlon Eftect {ug/1)* Reference

FRESHWATER SPECIES i
laduceran, Ant Imony 64 hrs EC50 19,800 Anderson, 1948
Daphnia magna trichloride
(ladoceran, Ant imony 48 hrs LC50 >530,000 U.S. LPA, 1978
Uaphnia magna trioxide
Cladaceran, Ant i mony 48 hrs ECS0 12,100**  Kimball, Manuscript
Daphnia magna trichloride
Bluegill, Antimony 96 hrs LC50 >530,000 U.S. EPA, 1978
Lepomis macrochirus trioxide

SALTWATER SPECIES
Mysid shrimp, Ant imony 9 hrs ‘ LCS0 >4,200 U.S. EPA, 1978
Mysidopsis bahila trioxide
Sheepshead minnow, Antimony 96 hrs LC50 >6,200. U.S. EPA, 1978
Cyprinodon variegatus trioxide <8,300
* Results are expressed as antimony, not in terms of the compound.

**animals fed.
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Mammalian Toxicology and Human Health Effects

TNTRODUCTION

-
'

A number of biological and adverse health effects in humans
and experimental animals are known to be caused by antimony in its
various chemical states. Most reported effects in man arise from

: ]
either occupational exposure to antimony in the course of its min-

ing,tindustrial processing, and commercial use or a% side effects
seen with the medicinal use of antimonials és theraveutic agents in
inducing emesis or for the treatment of schistosomiagis, leishmani-
asis, trypanosomiasis, and ulcerative granuloma. Aside from sever-
al acute poisoning episodes occurring within t@e cgntext of such
use, however, the toxicological threat posed by aétimony to the
general public appears to be quite low. This is due in larage vart
to the very limited amounts of the element thatfhave thus €far
entered into environmental media that represent pote#tial routes of
exposure for humans. | , | |

The present document opens with an initial di%cussion of the
chemistry of antimony relevant to environmental exbosures or ef-
fects on orqanisﬁs; this is followed by discussioﬁ of sources of

. |
exposure and the pharmacokinetics of antimony -- aﬁsorptioq, dig-
tributién, bioclogical half-time(s), and excretion. boncise commentv
ensues regarding certain in vitro and in vivo effeéts of antimonv
observed at the biochemical, subcellular, and céllﬁlar level; the
systemic toxicity of antimony, as delineated in an&mal toxicology
studies; and effects exerted Ey antimony on man; Lastly, various

factors of utilitv in the development of criterion rationale for

standard setting purvoses are discussed.



Antimony, a silvery, brittle solid, belongs to group VB of the
periodic table and lies between arsenic and bismuth. It is élassi~
fied as both a metal and a metalloid. 1t has an atomic number of 51
and an atomic weight of 121.8, and its principal oxiéation states
are +3 agnd +5.

Antimony reacts with both sulfur and chlorine to form the tri-
and pentavalent sulfides and chlorides. Oxidation to aﬁtimony tri-
oxide, the major commercial oxide of antimony, is achieved under
controlled conditions. Stibine,‘antimony £rihyﬁride, is formed bv
the reduction of antimony compounds -in acid media using zinc or
other reducing metals.

Solubilities of antimony  compounds range from insoluble to
fully soluble. Most inorganic compounds of antimony ére either
only slightly water soluble or decompose in agqueous media. Anti-
monials such as potassium antimony tartrate, in which" organic
ligands are bound to the element and employed therapeutically, are
water soluble.

The brittle character of antimony metal worecludes rolling,
forging, or drawing but accounts for improved hardness and lowered
melting voint in allovs with lead, bismuth, tin, cooper,~nickel,
iron, and cobalt. In particular, the metal is heavilysemployed in
antimonial lead which is used in bearings and in ammunition,

The most important antimony compound in commerce is probably
antimony trioxide, a colorless, insoluble powder, the proverties of
which place it in high demand as a flame-retarding agent for many
commodities. It is insoiuble in water and dilute nitric or sulfur-
ic acids but is soluble in hydrochloric and certain orgadic acids.

It dissolves in bases to . give antimonate.

c-2



A second form of antimony having commercial use is antimony

'

trisulfide, Sb283, which is converted to the trioxidb for use as a

fire-retardant. Other uses are in the manufacture of fireworks and
|
matches. Antimony trisulfide is insoluble in water but dissolves

in concentrated hydrochloric acid with the evolution of hydrogen

sulfide. It i's also soluble in strong alkali solution. u
Antimony shows some definite cationic behavior but only in the

trivalent state. For example, antimony forms comoléxes with inor-

\ i
ganic and organic acids to produce antimonial salts such as the

disulfate [Sb(S0,),17, the dioxalate Sb(C,0,) "%, and the well known

tartrate, [Sb(OH)C,H,0.1 . 4 .
| EXPOSURE |
Consumotion of antimony in the United States is of the order

of 40,000 metr}c tons per year {Callaway, 1969), of which half‘is

3

obtained from recycled scrap and the balance mainly imported from
countries such as Bolivia. Use in the United States is directed

chiefly to the manufacture of ammunition, storage! batteries, and
fire-proofing of textiles.

[ .
It is not possible t6 quantitatively estimatg the impact of

nment which are

. L, .
exposure sources for man. A more meaningful appbroach is to consid-

antimony use on various compartments of the enviro

er levels of antimony in those media with which héman éopulatlons
come in contact. Of the two major antimony nroductéon'sitgs in the :
U.S. only the one at Laredo, Texas, uses processes, that entail any
loss to ambient air. Improvements in emissions control have con-
siderably reduced but not eliminated the air levelsg in the vicinity

i

of the, smelter. The second production operation, lemploving alkali



¥

leachates of Ag-Cu ore and subseguent electrowinning, recycles much
of its effluent-borne antimony with apparent minor loss to the
environment (Arthur'D. Little Co., Inc., 1978). - Nther, more gener-
al, sources of airborne antimony include fossil fuel coméustion and
municipal incineration.

Ingestion from Water

Schroeder (1966) compiled data from surveys of municipal water
supplies in 94 cities and reported that levels were on average less
than 0.2 ug/l (0.2 parts per billion) when measured in tapo water.
In a related study, Schroeder and Kraemer (1974) notéd that tap
water levels can be increased in soft water supplies owing to the
leaching of antimony from plumbing. This woulé mainly be reflééted
‘ in 'first-draw' water. The source of antimonv in plumbing material
would be that present in copper tubing (0.005 percent) énd galva-
nized iron (0.00l'percent).

Ingestion from Food

It is far from clear what the average dailv dietary intake of
antimony is in the U.S. population. Wide-ranging values have been
rgpcrted over the vears.

The comprehensive reéults of the U.S. Food and Drug Adminis-
tration's (FDA) survey of various trace metals including antimony
in various food classes, using neutron activation analysis, have
recently been reported by Tanner and Friedmann (1977).) The median
level and range of antimony. levels §or the food classes, expressed
as varts per million, wet weight, are: dairy vroducts, ( 0.004,
£ 0.002 to 0.02; meat, fish and ooultry, 0.008, £ 0.004 to 0.015;
grain and cereal products, £ 0.01, 0.006 to 0.05; leafy vecetables,
£0.006, 0,001 to 0.027; 1legume vegetables, 0.008,‘< N.002 to
0.014; garden fruits, £ 0.006, 0.002 to 0.011l.

-4
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Based on these recent figures, Tanner and Friedmann (1977)

calculate that the daily intake for antimony is too negligible to

assign a meaningful value.

Earlier reports of dietary intake of antimony indicated sig-
nificant amounts assimilated daily. It is likely that vart of this
discrepancy is due to differences in analyﬁicai methodology.
Schroeder (i970} calculated a value of somewhat less than 100
ug/day as the average dietary 1ntake for man, while Murthv, et al.
(1971) calculated a range of 0.25 to 1.28 mg/day forslnstitutional-
ized children. 1In this study, a weiahted average d£etarv antimony
content of 0.36 mq/kg for these Dedlatrlc qrouos wa determined.

Supvort for the recently reported very low antzmonv content oF

i
dietary classes in the United States (Tanner and Friedmann, 1977

i

i

is the survey of Clemehte {1976y, wh6 revorted the iuse of activa-
tion analysis in surveying food antimony content iantalian diets.
A mean value of several miérograms Sb daily was obt%ined.

A bioconcéntration factor (BCF) relates the con@entration of a
chémical in aquatic animals to the concentration fn the water in
which' they live. An a@propriate BCF can be used witﬁ dlata concern-
ing food intake to calculate the amount of gntimony'which might be
ingested from the consumption of fish and shellfisi. An analvsis
(.. EPA; 1980) of data from a food survey was.u%ed to estimate
that the per capita consumption of freshwater and;estuariné fish
and shellfish is 6.5 g/day (Sterhan, 1980).

A measured BCF of less than one' was obtaine? for antimonv
using bluegillé (U.S. BPA, 1978). TFor lack of other information, a

value of 1.0 can be used as the weighted average bﬁoconcentration

O3
|
Ut



factor for antimony and the edible portion of all freshwater and
estuarine aquatic organisms consumed by Americans.

Inhalation

Antimony is infrequently oresent in air at measurable levels.
National.Air Sampling Network data for 1966 showed possibly signif-
icant levels at only four urban stations {0;042‘to 0.085 uq/mB) and
three nonurban facilities (0.001 to 0.002 ug/m3) (Schroeder, 1970;
Woolrich, 1973). It can be generally stated that urban ambient air
levels of antimony are higher than nonurban levels, with the dif-
ference presumably reflecting the extent of greater fossil fuei
combustion, municipal incineration, and auto emissions in urban
areas.

Antimony is one of the elements whicb avpears to' concentrate
in the smallest particles émitted in the fly ash from coal-fired
power vlants (Davison, et al. 1974). These small-Adiameter varti-
cles are both-difficult to trap with conventional stack technology
and are the size which penetrate the deevest in the pulmonarv tract
of man. While this suggests a relatively high level of respiratory
absorption of at least part of the total airborne antimonv, it is
difficult to state that this poses any net hazard, given the over-
all low levels of total antimonv.

Integrated Multimedia Exposure Estimates

In terms of the aggregate contribution of va;ious exposure
sources to the total daily intake of antimony by human populations
in the United States, the total amount is cquite small and even neg-
ligible relative to other environmental agents of concern, e.q.,

lead, mercurv, or cadmium. Yor example, if one accepts the most



recently available data on dietary antimony iptake.(”ﬁnner and
Friedmann, 1977), then no appreciable additionalrant;mony uptake
via the diet would be exvected. Also, essentially the;same applies
in regard to noﬁaporeciable amounts of antimony beingfinaested via
water consumption. This is consistent with the lim%ted data of
élemente (1976) who, using fecal and urinary antimony:levels, con-
cluded that daily intakes of selected Ttalian nonuiati?ng weré less
than 2.0 ug/day. Also, an individual inhaling even;the hiqhes;
recorded ambient air level (0.085 ug/mB) for an urban %etting would
be exposed to a tctal'of 1.7.ug/day,‘assuming a dai#y inhalation
rate of 20 cubic meters. It therefore appears that ovérall, multi-
. media antimony exposure levels for the general U.S. pépulaFicn are -
insignificant, or essentially negligible,. in comparis@n to occupa-

' !
tional exposure levels at which discrete clinical health effects

have been nbserved. ’

PYARMACOKINETICS

Absorption

Data for the absorvtion of antimony from thé respiratorv
tract, the gut, and skin are rather limited; as such,fobserved val-
ues may not broadly apply for all mammalian species, including man.-
Also, there is only very limited information on the éffecés of age
or nutritional status in terﬁs of increasing or decreasing the
extent of antimony absorption. 1In addition, the kinetics of anti-
mony uptake, distribution, and excretion are dependeﬁt on ohvsical

H

and chemical characteristics of the antimonials employed as well as
§

H
the route of exposure and the species of exverimental animals

studied.



Antimony absorotion from the respiratory tract is a function
of particle size and solubility in the lung. The latter is depen-
dent on the chemical form. This has been demonstrated exveriment-
ally by Felicetti, et al. (1974b) and Thomas, et al. }1973), who
exposed experimental animals to aerosols generated from solutions

l24Sb-labeled antimony potassium tarbtrate. Prior to

containing
inhalation, the solutions were subjected to temperature treatment
ranging from 100°¢ to 1,000°C. The higher heat treatment vrobably
resulted in increasing degradation of the organic portion of the .
molecule and vielded different vatterns of deposition and retention
when inhaled. The lower temperature aerosols (100°C) were of a
large particle size (1.3 um mass median aerodynamic Jdiameter -
MMAD). They wefe devosited to a2 large extent on the upver resvira-
tory tract and were rapidly cleared via éhe mucociliary apvaratus.
However, the apovroximately 20 percent of these aerosolsrwhich were
deposited in the lower resoiratory tract were solubilized ravidly
into the bloodstream. The higher temperature aerosols (500°~ and
l,OOOQC) contained smaller varticles (MMAD less ;han 1.0 um) and
were deposited deeper in the respiratory tract. These particles
were relatively insoluble in the lung and were only slowly absorbeAd
into the bloodstream. In a separate study (Felicetti, et al.
1974a) in which hamsters inhaled the 100°C aerosol, there was no
difference in the pulmonarv absorntion‘of trivalent vs. ventavalent
antimony material.

NData pertaining to the extent of gastrointestinal (CI) absoro-
tion of antimony in man ‘and animals are sparse. According to one

revort (Felicetti, et al. 1974a), only 1 to 2 percent of antimony,



as either the trivalent or vpentavalent forms, is absorbed from the
GI tract of hamsters. It should be noted that these were the rela-
tively insoluble oxides. It is likely that the wéfe;—soluble or-
ganic derivatives of antimony would be absorbed to a;qreater ex-—
tent. Elinder and Friberg (1979) have noted that tartar emetic

' !
(potassium antimony tartrate) solution is about 15 percent absorbed

!

in - the GI tract of mice, based on earlier Aata of “aitz, et al.

(1965).

Little information exists regarding the absormtion of antimonv

i
through the skin. Gross, et al. (1955a), using antimony trioxide
dust aispersed in a paste (25 mg), applied the oxide tF the'skin of

| .
rabbits and could see no sign of systemic effects. These workers

i
d4id not, however, carrv out any blood or tissue antimony determina-

. H
tions. '

-

Few data exist regarding transolacental transfer of antimonvy

in animals or man. Casals (1972) found no antimony in fetal tis-

}

sues from rat dams exposed to pentavalent antimony in}ramuscularly

for five doses, 125 or 250 Sb/kg, between days 8 and;l4 of gesta-
tion. Similarly, James, et al. {(1966) did not éetec& antimony in
{

the tissues of lambs when ewes were daily given 2 mb/kg/day cral

doses of antimony potassium tartrate from the first ldav of gesta-

h
i

i

tion for either 45 davs or 155 davs. * |

In humans, Relvaeva (1967) found antimony at aet?ctabie levels
in placental tissue, amniotic fluids, and cord blood in opregnant:
women who worked in antimony smelters durina nreqnanc?. It is d1€-

ficult to evaluate the results of this study, since the analvtical

. * » i 3
method emploved wray not vermit svecificitv for -aust antimonv.

PRl



Distribution

Blood is the main vehicle for transport of absorbed antimonv
to the various tissue compartments of the body. Several studies
have shown that the relative partitioning of anﬁimoﬁy between the
erythrocyvtes and plasma is a function of element valency. That is,
trivaient antimony is primarily lodged in red cells, while plasma
carries the masjor fraction of the vpentavalent form (Felicetti, et
al. 1974a). Also, in a related in vitro stuév (Rahner, 1954) it was
found that erythrqcyte antimony is primarily bound to the globin
moiety of hemoglobin. 1In this in vitro study, rodent ervthrocytes
were employed which mav not be relevant for other species.

The levels attained and the clearance of antimony from blooA
depend upon the route of intake, the chemical and physical form of
the antimonial used, and the specific naraﬁeters,cf exposure redi-
mens employed in pertinent studies.

Levels of antimony in blood have been determined after inhala-
tion of antimony aerosols py mice (Thomas, et al. 1973), dogs
(Felicetti, et al. 1974b), and rats (Djuric, et al. 1962); In
rats, unlike the other species, it was observed that inhalation
leads to a versisting elevation of antimonv in the blood. niuric,
et al. (1962) reported that animals inhaiing antimony trichloride
retained a blood concentration of 10 percent of the body buréen 20
days bevond cessation of exposure. |

Mice inhaling antimony aerosols generated at three tempera-
tures (lOOQC, SOOOC, and l,OObOC} and having corresvonding mear
aerodynamic diametérs of 1.6, 0.7, and 0.3 um at two days vpost-

exposure showed the corresponding fractions per milliliter of blone



of the body burden to he 0.43, 1.2 and 1.0 vercent, resvectively

(Thomas, et al. 1973).

| . ,
wWaitz, et al. (1965) used single oral doses of{1248b-labelga
tartar emetic to assess the effect on blood levels inimice. Levels

'
fn

of antimonj in blood up to 25 hours post-exposure were linearly

|
related to dose while clearance from blood was both .linearly and
c

guadratically related with time., These same workers;observed that
{

oral exposure (8 mg Sb/kg) in monkeys led to averabe peak blood
levels of 18 ué Sb/dl as observed 6 to 8 hours oost-éxposure.
Changes in blood antimony levels have also been followed after
parenteral exposure of animais and humans. Tor egémple,,a rapiﬁ
decline in blood levels was observed in rats iniectediintravencusly

124Sb-1abeied tartar

(i.v.) with 11 mg/kg trivalent antimony as
emetic, with the amount of decrease aporoximating 30 ug/dl’after
four hours. Bv comparison, the i.v. administration 65 1.3 mg Sb/kg
to three monkeys as reported by Waitz, et al. (1965) led to peak
blood antimony levels of 125 to 190 ug Sb/dl at ca. l$ minutes vost~
injection, followed by’a rapid decfease to, 10 to~20|ug Sb/dl ét 24

i

hours. . : .

i
i

Casals (1972) studied the pharmacokinetic properties of a

‘pentavalent antimony dixtran glycoside in mice, raté, and rabbits.
i

, Rabbits given ﬁhis agent aé a Aosage of 14 mg Sb/kg ini;amusdularly
. i

had serum antimony levels of 6.5 mg Sb/dl Serum (65 ug Sb/ml) at

five hours post-inijection. After 72 hours, levelsihad decaved to

ca. 2.0 mg Sb/dl (20 ug Sb/ml). E

124

Abdalla and Saif (1962) indected Sb-labeled }stiban, a tri-

. , . . N
valent antimonial, intramuscularly into human subiects at a dose

)
‘ E

i



range of 1.4-2.1 mg Sb/kg and could not measure}?lood levels after
single or reveated dosing. El-Bassouri, et al. (19é3) similarlv
noted a rapid fall of blood antimony levels when pediatric patients
with urinagy schistosomiasis were given single indjections of vari-
ous érivalent antimonials (5 to 7 mg Sb/kg). learance of oentava-
lent antimony from blood in human subjects is also verv rapid, with
negligible amounts seen after 24 hours in subijects agiven 'the oegta-
valent antimonials intravenously at 2 to 3 mg Sb/kg dosing levels.

NData for normal blood antimony levels in man are li/mitea.
Sumino, et al. (1975), reporting on seven Japanese autoosy samples,
found an average~va1ue of 1.3 ug Sb/41 (0.013 ug/ml) and a range of
€0.01 to 0.06. H#Hirayama (1959a,b) obtained a normal upper limit
value of 5.9 uyg Sb/dl in whole blood for healthy Javanese residing
in an urban area. Levels were higher for men than for women.

Under conditions of occupational exvosure, hlood antimony lev-
els are elevated. Belvaeva (1967) revorted a mean blood level of
5.3 + 0.6 ug/dl.

The tissue distributions of antiﬁony under conditions of
exverimental and environmental exvosure have been revorted for both
1aboréto£y animals and samplings of human autoosv material.

Kostic, et al. (1977) employved instrumental neutron activation
analysis to study the antimony content of various oragans of normal
rats (not exvosed to antimony exverimentally). Expressed as both
ug Sb wet weight and total organ content, respectively, the corre-
sponding mean values were: brain, 0.4 zand 0.7 ug; lung, 0.6 and 1.0
ug; heart, 0.47 and 0.33 ug; kidney, 0.46 and 0.89 ug; spleen, 1.14

14

and 0.61 ug{ and liver, 1.31 and 10.40 ug. Fror these tissue oro-



'

» . i -
files, it appears that low ambient antimonv exposure lpads to high-

est levels in liver, followed by spleen and lung.

The tissue distributions of antimonvy in exvosed exverimental
|

| :
animals are tabulated in Table 1 according to the type and level of
!

exposure, the animal model employed, and the relative| Aistribution
1
of antimony among different tissues as observed in various studies.

From Table 1, it aprears that tissue distribution of antimonv
is a function of valency state when inhaled, with levéls of triva-
lent antimony increasing more rapidly in liver than the pentavalent

form, while skeletal uptake is greater with the pentavalent anti-

monial (Felicetti, et al. 1974a).

Antimonial aerosols with different.nhysicochemic?l character-
‘istics are absorbed from the lung at different ratés. This is
i;lustrated by the fact that aerosols generated %rom antimony
potassium tartrate solutions are more soluble in the 1hnq when gen-

i
erated at low (100°C) as opposed to high temperat@re_(soooc or
! ,

1,000°C) (Thomas, et al. 1973; Felicetti, et al. 1974q). The high-

er temperatures may have resulted in formation of oxides. WWith the

|
soluble aerosols, inhaled by dogs, radioactive antimony accumulated
in lung, thyroid, liver, and velt, with the thvroid|gland having

the greatest concentration. The latter results are consistent with

|

the findings of Ness, et al. (1947), who rewmorted that the thyroid

|

was a target organ for antimony accumulation in doqsfwhen oraanic
x

antimonial compounds were iniected i.v. !

' .. . . . f
Parenteral administration of antimonials generally tends to
\

show a greater accumulation in the kidnevs, followed by liver, anA

mineral tissue (Molakhia and Smith, 1969; waitz, et aﬁ. 1965).
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TAGLE 1

-~

Tissue histributions of Antimonials in Different Species Under Various Exposure Conditions

floute of Exposure

Specles

Nosing {Antimonial)

Tissue Distribution

Reference

ORAL,_EXPUSURFE
Normal mice

Mice infected
with S.
mansoni

INHALATION
EXPOSURR
Mice

nogs

Hamsters

Oral {l24sh—labeled tartar
emetjc): Single dose, 16 myg
Sh/kqg and qreater

Oral (IZ‘Sb—labeled tartar
emetic): 16 mg/kg daily for
2, 4, 6, 8 or 10 days

Inhalation (124Sb aerosols):

lzdgb aeiogols generated at
160°, 500°cC,. and 1,000 C

Inhalation (lz‘sb aerosQls):

generated at 100%, s00 ¢,
and 1,000°C

Inhalation (trivalent and
pentavalent aerosols from

12‘Sb~tattrate):oaerosols
generated at 100°C, 1.6 um
mean aerodyn. diamecter

l.iver antimony levels increase linearly
with dose and guadratically with time

Liver antimony levels were uniform from
day to day with little accumulation

Aerosols generated at 100° had ca._one-
ten&h less antigony in Aung compared to
500°°C and 1,000°C. 1007C aerosol showed
85% of body burden lodged in skeleton by
52 days, much moge than for_aerosols
genecrated at 500° and 1,000°

12‘Sb levels were highest in lung, thyroid,
liver and pelt, with thyrold having greatest
accumulation for 100 Coae:oso] ang lung the
greatest level for 5007 and 1,000" aerosols

llighest levels for both valency forms were
seen in liver, skeleton and pelt, with
relatively qreater amount of trivalent
antimony In liver than of pentavalent form
by day 5 post-exposure. Skeletal values
greater with beptavalent form

Waitz, et al, 1965

Waitz, et al. 1965

Thomas, et al. 1973

Felicetti, et al. 19740

Felicetti, et al. 1974a



ST~O

JMuman

Route of Exposure

Species

TARLE 1 (continued)

Dosing {Antimonial)

‘rissue Distribution

Reference

SYSTEMIC
INJNCTIONS
Mice infected
with S,
mansoni

Rats

Rats

Mice

nog

__Intravenous _{

3

Intraperitoneally {(tartar
emetic or Astiban-sodium
antimony dimercapto-succi-
nate): 5 mg/kg, tartar
emetic; 7.5 mg/kqg Astiban

Intravenous (leSb tartar

emetic): 11 mg/kg, single
injection: 6 rat pairs at
0.5, 2, 4, 8, 24 and 72 hr.

12250001 or

Intravenous {
122
SbQ,): sacrifice at

l and 4 %oure 4

Intraperitoneally (l24
tartar emetic): 1) pre-
treated group with 35 mq
Sb/kg followed by labeled
35 mg Sh/kq dose; 2) con-
trol qroup treated with
labeled 35 mg Sb/kg dose

‘Intravenous organic antij-

monial compnunds
124

sodium antimony dimercapto
succinatel: single 100 mg

dose, follawed [nr 23 day%

Sh-Astiban-

foth antimonials led to highest uptakes in

. liver and kidney by 48 hr. Over 2-15 days,

levels in minecal tissue (bone and teeth)
began to exceed levels in other tissues.
Pelt levels were uniformly high while brain,
thyroid and male reproductive organs showed
least uptake

Kidney antimony levels were higher than liver
antimony levels at all time points

Highest antimony levels were seen in kidneys,”

bone and spleen: kidneys had 3.9% of the
dose/q with l2ZSbO(‘l and 1.31% of the dose/q
with Na'?2sho,

Iiver levels of antimony were equal for pre-
treatment and control groups. Heart, spleen
and kidney levels were lower in pretreatment
group

Thyroid hypothesized as antimony target orqan
hased on high Sb uptake

larqgest. antimony uptake was seen—in-iliver; —
followed by the thycroid and the heart

Molakhia and Smith,
1969

Waitz, et al. 1965

Matthews and Molinatro,
1963

Girgis, et al. 1965

Ness, et al. 1947

- Abdaiia—and Saif,”

1962




In the studv of Abdalla and Saif (1962), an Egvyotian male had
highest antimony uptake in liver, thyroid, and heart when given a
single iniected dose of labeled Astiban (100 mg).

Tissue distributions in man have mainly involved £he study of
autoosy material. Based on the detailed study of Sumino, et al.
(1975), which used human tissue sémple$ from Hyogo Prefecture in
central Japan, all organs had antimonv levels of less than 0.1 oom
wet weight, with a mean totai body burden of about 1.0 mg. The skin
had the highest mean level, 0.096 + 0.10 opm, followed by the adre-
nal gland, 0.073 + 0.14 and theylung, 0.062 + 0.056 ppm. Liver,
spleén, and heart levels were lower.

Lievens, et al. (1977) emploved radiochemical neutron activa-
tion analvsis to measure a number of trace elements, including
antimony, in segments of normal liver from five autoosies of resi-
dents of Belgium. A mean value of 0.0l1ll ug/g wet weight was ob-
tained, with a range of 0.003 to 0.020. This is within an order of
magnitude of the mean liver level, 0.023 ug Sb/g wet weight, ob-
tained by Sumino, et al. (1975).

Svecific human tiséue analyses for antimony have also been
revorted. PFor example, in one study, lung tissues from adults 4C
to 70 years of age in Glasgow, Scotland, were analvzed for antimony
content using neutron activation analvsis (Molakhia and Smith,
1967). A mean value of 0.095 (+ 0.105) ua/g wet tissue was ob-
tained, with a range of 0.007 to 0.452 ug. The distribution o.
antimony within the lungs analyzed was such as to sudggest the ele-
ment arose from airborne dust. 1In a related study, Xennedy (1966

measured Aiseased and normal lunag tissue from 24 suhiects for anti-

()
}
'_‘
[9))
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mony content, obtaining a range of 0.005 to 0.87 ?q/a wet tissue.
Lungs with pulmonary lesions did not apvear to ﬁe different in
' antimony content than control samples. ‘

'‘Brune, et al. (1980), in their studv of eleménts in kidney,
liver, and lung tiséue from autopsv samples of retfred workers who
were emplovyed in a smelter and refinery, noted ébat the median
level of antimony in lungs of former smelter yorkeﬁs were signifi-
cantly qreater than controls. The median antimonyllevels in.lung
vtigsue of one worker group (2-19 vears between Erétirement and
death) was 0.32 ppm and a range of 0.023-2.6 (N=23) versus cohtrol
values of 0.029 npm,‘range 0.011-0.,054 (N=9), Qiqce other data
from nonoccuvational subiects sugaests little antémony accumula-
"tion in the lungs, smelter workers may inhale a very, insoluble‘form
of the element, possibly the sulfide.

Using neutron activation analvsis, Hoaenﬁeldti et al.)(l???)
measured antimony and other. trace elements in humﬁn decidua ob-
tained from Swedish subjects during the 12th to tﬁe 18th week of
pregnancy. In 14 samples, levels of antimony had a%qeometric mean
value of 0.024 ug/g dry tissue and a range of 0. 02 to 0.03. mhe'
mean antimony level in decidua was con51derab1y less than that in
, endometrium in either proliferative or secretory phase.

In a study of human dental enamel, Rasmussen (1374) determined
the antlmony content for 12 Danish subjects using neutron activa-
tlon analysis and found a range of { 0.001 to 0.006 ug Sb/g enamel.
The range of levels in this study is less than that Found by Nixon,
et al. (1967), who revorted 0.005 to 0.665 ug/qg, alsé usiqg activa=-

tion technicues. The difference may reflect more complicated sam-

]
I
y
t
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rle manipulations iq the latter studv, which would have inéreaseﬁ
the risk of contamination. '

The antimony content of cardiac tissue from autoosies of 20
victims of accidental death was determined by Wester'(1965); who
obtained a median concentration of 0.015 ug/q wet tissué using
activation analyses, with a range of 0.001-0.004. Yo Adifferences
were seen with sex or age.

Levels of antimony in human brain are relativelv low, consis-
tent with a low neurotoxicity potential for this agent as seen from
its therapeutic use. Hock, et al. (1975), analvzing eight regions
of six brains, found a cerebral cértex value range of 0.025 to 1.71
ug/g dried tissue.

Based on the foregoing discussion, it avppears that antimony
accumulates most highly in selected soft -tissues, e.g., kidney,
liver, thyroid, certain other endocrine organs, and, to soﬁe ax~-
tent, the heart.

According to the International Commission on Radiological Pro-
tection (ICRP, 1960), antimony is calculated to have a total human
body half-time of 38 days and tissue half-timeé of: 1liver, 38
days; thyroid,’4 days; lungs and boné, 100 days.- The accuracy or
such estimates by the ICRP, however, has been questioned. \

Abdalla and Saif (1962) found the half-times in man of varen-
terally administered antimony as chemotherapeutic agents to var
with the intramuscular and intravenous routes. For intramuscula
injection, half of the total dose was excreted by 30 days whil
with i.v. treatment, half of the dose could not be recovered by 3

days.



From the whole-body. data of Waitz, et al. (1965), parenterally

administered l24Sb—tartar emetic in rats had a half-time of less

+hanp 24 hours while Thomas, et z2l. (1873) showed that L24ob labeled

adtimcny‘aerosols inhaled by mice gave whole-~body datahthat includ-

'‘ed a half-time of 29 days for the more rapidly cleared 100°C aero-

i

sols versus 39 days for the aerosols generated at higher tempera-

tures.

1244,

Using beagle dogs and labeled antimony aerosols generat~

ed at 100°, 500°, and 1,000°C, Felicetti, et al. (1974b). ated
corresponding long-term biological half-times ofngO, 36, and 45

days, respectively. These authors also determined that with the.
v i -

same aerosol model and using hamsters, both tri* and pentavalent

antimony body clearance had a fast componen* of spveral days and a

i

slower clearance component of 16 days. In th;s quady, lung solu=~-
- i

bility for the 500° and 1,000°C azerosolis is.a key;factor.

With regard to tissue accumulation, particulérly in mén, lim=
ited déta suggest that both soft and mineral tlssue show little
tendency to accumulate in unexposed nooulatlons, although\ one
recent report (Brune, et al. 1980) suggests antimony accumulation
occurred in smelter workers who had been retired'fiom work activity
for at least several years. Even though. bone aﬁtimony tends to

have a longer healf-time than antimony in body soft .tissue, this is

considerably less than for certain other toxic heévy metals. .

i
1

Metabolism

Abscrprion of antimony in man and animals is mainly via the

respiratory and gastrointestinal tracts, the extent of absorption
i

depending on factors such as sclubility, particle size, and chemi-

i
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The half-time of antimony in man and animals ﬂs a function of
: i

route of exposure and oxidation state. The rat appears to be

unique in demonstrating a long biological half—timé owing to anti-
|

.mony accumulation in the erythrocyte. In other species, including

-

man, moderate half-times on the order of days have heen demonstrat-
. !

ed. While most soft tissues do not apoear to accumulate antimony,

. . . . ! ,
the skin does show accumulation owing to its high content of sulf-

l

hYdryl groups. With respect to excretion, injecEiQn of trivalent

antimony leads to mainly urinary excretion in guinez pigs, dogs,

)

and humans and mainly fecal clearance in hamsters, mice, and rats.
Owing to its higher levels in plasma, ventavalent antimonv is

mainly excreted via the kidney in most species . !

i
v

Unexposed humans excrete less than 1.0 ug antimony daily via

urine, while occupational or clinical exposure may reshlt in mark-
edly increased amounts.

Excretion ,
|
The kinetics of antimony excretion apoear to be a function of

the animal species; route of intake of the element,iand the chemi-~
!

cal form (oxidation state) of antimonvy. |

Parenteral administration of trivalent antimonials leads to

!

I
rapid urinary excretion in guinea pigs, dogs, and humans (Otto and
» 1

Maren, 1950; Abdalla and Saif, 1962), while fecal cl?arance is more

important with hamsters, mice, and rats. ‘

'
'

Animals inhaling pentavalent antimonv aerosols tend to excrete
I

i
the element by both the GI and renal tracts, refl?cting entrv of

some of the inhaled material into the GI tract by muéocillary move-

ment and swallowina.



Generally, vpentavalent antimony is more rapvidly excreted in
the urine than is the trivalent form, reflecting the attainment of

higher plasma levels by the wentavalent form,

Little information on daily urinary output of antimony in man

is available. Clemente (1976) used neutron activation analysis to
determine that.(CLB ug was excreted 4aily in an unexvosed Italian
pooulation. Under conditions of occupational exposure, urinarv
excretion is elevated but highly variable from subiect to subiject
(Coover, et al. 1968). Similarly, chemotheraveutic tréatment of
patients with antimony varasiticides lgads to hiqh levels of excre-
tion. These agents are fully soluble and given at comparativelwv
high doses. Abdalla and Saif (1962) have measured 24-hour levels
of antimony of ca. 20 to 40 ug/dl after varenteral administration
of 75 to 125 mg Astibanel

As internal indices of exvposure, usefulness of hlood and/or
urine antimony levels are of undetermined value. Generally, uri-
nary levels of antimony increase under conditions of occuvational
or chemotherapeutic exposure and it apoeats that such values would
reflect the intensity. of ongoing exposure. Similarly, blood levels
}apidly rise and fall with onset and removal of exposure.

EFFECTS

nly a relatively limited data base exists in regard to the
sﬁudy of biological and pathological effects of antimony in exngri-
mental animals and humans. Such effects include various cellular
and subcellular effects, as well as toxic actions manifested at
organ system levels. The latter tvoe of systemic toxicity includés
damage to the lungs, heart, liver, spleen, and endocrine organs, as

well as toxic effects exerted on reproduction and Aevelopment.

c-22
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Acute, S'ibacute, and Chronic Toxicity

re toxicity tests with antimony and antim@nlal compounds
wer rried out by Bradley and Fredrick (1941). The observed

I :ained after either oral or intraperitoneal (i.p.) adminis-
Ve

r

are indicated in Table 2. As discussed later, responses to

doses included labored breafhinq; general;weakness, and

050,

i . - . |

signs of cardiovascular insufficiency leading 'to death amona
! 5

nimals within a few days after exposure. It ﬁhould be noted
of the antimony compounds tested, the trifluoride is mainly

N nterest in regard to laboratory or experimental use, in con-

trast to most of the other agents being encounteredgin industrial

settings.
Levina and Chekunova (1965) also studied LD50$ for antimony

|
|

compounds, using subcutaneous (s.c.) and intratracheal administra-

tions in mice and rats, resvectively. They obtainedéan LD50 of 50
mg Sb/kg for antimony trifluoride with single s.c.{injections in
mice, whereas 50 ma Sb/kg was found to be without,ohvious toxic

effect during a 10- to 30-day observation period when antimony tri-
, ‘ i
oxide, trisulfide, or pentasulfide were administered| subcutaneous-

-

;ly. Subcutaneous injection of antimony trioxide at'a dose of 500

I

mg/kg, however, was universally (100 oercent) fatal. : Sinale intra-

J

tracheal doses of 2.5 to 20 mg of antimony trifluoridé administered

= t

to rats were alse 100 opercent fatal, whereas lower doses of 1.0 to

3

1.5 mg were survived with minimum toxic effects being seen. Doses
. " . |
of antimony trioxide and trisulfide’ were tolerated much better,

i
|
v

with 20 mg of those compounds producing temmorary weight loss as

the only sign of toxicitv. |

Cc-23
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TABLE 2

LDSO of Antimony and Compounds*

Compound Species Route LDgg
mg/kg

Tartar emetic Rat oral 300
Tartar emetic Rat i.o. 11
Antimony trifluoride Mouse oral 804
Antimony Rat i.0. 100
Antimony Guinea pig i.p. 150
Antimony trisulfide Rat i.D. 1,000
Antimony pentasulfide Rat i.p. 1,500
Antimony trioxide Rat i.o. 2,250
Antimony pentoxide Rat’ i.p. 4,080

*As determined by Bradley and Fredrick, 19241

C~24



This section discusses certain biochemical %nd subcellular
aépects of éntimony toxicity per se, where studied és such. Other
biochemiczl and cellular effects occurring as part éf the systemic

|
toxicity of antimony are noted later '- under sectiéns on specific

)

oréan systems. : , . j

. Effects of antimony at the biochemical level ar% litt;e under;
stood at present, and the available information is ¢erespondingl?
limited. Unlike many of the toxic heavy metals, whi?h are cationic
in character and directly interact with ligating grdﬁps such as the
sulfhydryl, amino, and carboxyl moieties of macﬁomolecules and

!
[

their constituent units to form biocoordination complexes, antimony
1

!
probably resembles arsenic in the nature of its bonding. Trivalent

- !

antimony forms covalent bonds with sulfhydryl groups and pentava-

lent antimeny, like pentavalent arsenic, competes!with phosphate

)

to form ester linkages. !
Evidence for this assumed overlap of chemical behavier with

arsenic is mainly indirect. Tissues high in sulfhydryl groups,

|
such as skin, tend to show pronounced accumulation bf antimony, as

ncted above in the metabolism section. Further, in ithe rodent, the
|
red cell accumulation of trivalent antimony parallels that seen

‘ ¥
with arsenic ([Nztional Academy of Sciences (NAS), 1?77].

In vitro studies directed to antimony's effects on enzymes and
. ! :

enzyme systems are very limited. In a study of homcgenate of adult
{

\

' |
S. mansoni worms, Mansour and Bueding (1954) observed an effect of
‘ 4

stibophen or tartar emetic on phosphofructokinase, as measured by

: . R ] i
inhibition 1n the formation of fructose-1,5-diphosp

hate from fruc-

tose-6~-pnospnate. No other glycolytic enzymes,appeéred to be anti-

'

.
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mony~sensitive even at high concentrations, nor was phosohofructo-
kinase from another source (rat brain oreparations) as sensitivé to
antimony. Pentavalent antimony was without efifect on any enzyme
gtudied.

Incubation of rat liver mitochondria for a brief period with
sodium antimony gluconate, a trivalent antimonial, showed a concen-
tration-dependent effect on ogidative vhosphorvlation, presumably
localized at the NADH-oxidase portion of the eiectron-transfe}
chain (Campello, et al. 1970). The minimal concentration necessary
for this observation was ca. 4 x 10”2 M sb.

In vivo effects of antimonials on enzymatic activity have been
sporadically noted in the literature. Parenteral administration qf
antimony trioxide (163 mg/kg) in rats, ‘for instance, lgd to ié-
creased activity of cholinesterase in myocafdium but dgcreaséd
monoamine oxidase activity in brain and liver (Minkina, et al.
1973).

Certain other disturbances of biochemistry have also been
reported for antimonials. 1In a study of carbohydrate métabolism,
Schroeder, et al. (1970) found that lifetime exposures of rats to:
low levels of antimony resulted in decre&éed serum glucose levels
in nonfasting animals. Other biochemical changes reported‘include
increased glutathione in the blood of antimony-exposed animals
(Maeda, 19345 and increased nonprotein nitrogen and hemoglobin con-
tent in blood of rabbits exposed to tartar emetic (Maeda, 1934;
Sribyl, 1944).

Studies on the uptake and subcellular distribution of anti-

monials have been reported by Smith (1969) using in vitro tech-

=26
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t

I '

nigques. - Mouse liver slices incubated with l24Sb—,labe1ed tartar
t

emetic showed a marked antimony accumulation with accompanving cel-
—— I\

lular necrosis. Total uptake was up to 18-fold greater than mea-
sured in healthy tissue. Subcellular fractionationiindicated that
-about two-thirds of the label was in the Darticulaﬁe ﬁatter, pri-

marily the microsomal fraction. It is not clear, hcwever, whether

the cellular -necrosis observed was induced by the antimony per =e

124 ‘

or strong beta emissions of the Sb isotope. Nor 'is it clear as

to whether the high uptake of the labeled compound qccurred secon-
darily to the cellular damage. ;

Mutagenicity and Carcinogenicity ;
I

The few chronic feeding studies that have invesFiqated DOSS 1~

ble antimony carcinogenicity 1in animals have produced negative

results (Kanisawa and Schroeder, 1969; Schroeder, et al. 1970),
B ! /

with no increases in tumorigenesis being observed at' antimony con-

centrations of 5 pom either administered via the diét or drinking
|

water. while the results were neqaéive, the accevtance of this
- |

‘compound as a noncarcinogen is precluded by the lackiof additional

_exposure levels, including higher doses.- l

'
I

Several studies have reported mutagenic potential for various
: ’ -
antimony compounds (Kanematsu and Kada, 1978; Flassel, 1977; Paton

and Allison, 1972). 1In their examination of 100 metai compounds by

the rec-assay precedure, a test which assesses thq differential

inhibition of celldlar growth of a recormbinant-deficient strain of-

B. subtilis versus the wild strain, three antimonials - antimony
= - |

trioxide, antimony trichloride, and antimony pentachloride - were

§

found to be vpositive. Paton and Allison (1972) observed toxic

!

i
|
i -
;
.
1

|
I
]
1
)
i
|
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effects of tartar emetic on human leukocytes in culture at levels

as low as 10-8

M as measured by significant reduction in mitotic
index as well as an increase in the number of chromatid breaks in
chromosomes.

Respiratory System Effects

As discussed later, certain tyvoes of resviratorvy illnesses,
including pneumoconiosis, have been observed with human exposures
to antimony wvia inhalation. Some efforts, however limited, have
been made to study analogous types of resviratory . toxicity !in
experimental animal models under cgntrolled laboratory conditions.

t

In one of the earliest studies, Dernehl, et al. (1945) ob-
served resnirafory effects in guinea pigs exvposed to antimony tri-
oxide via inhalation. Exposures ﬁo concentrétions-averaging é5.4
mg/m3 for 2 hr/day., 7 days/week for three weeks and 3 hr/day th;re—
after yielded marked resviratory patholoéy. This included wide-
soread pneumonitis in animals estimated as retaining from 13 to 424
mg of antimony and scattered subpleural hemorrhaqés seen in all
animals retaining 50 mg or more of éhe antimony compouﬁd. The very
wide range of estimated effective or retained doses associated with
the observed health effects are notable.

In another study (Gross, et al. 1952) lipoid pneumonia was
induced in 50 rats exposed to antimony trioxiée at 100 to 125 mg/m3
(mean partg;le size = 0.5 um) for 25 hr/week for a 1l4.5 month peri-
od. The lung pathology induced by antimony was characterized by:
(1) cellular proliferation, swelling, énd desquamation of/alveolar

'lining cells; (2) fatty degeneration, necrosis, and rupture of

alveolar macroohages; and (3) oulmonary fibrosis.



i

In a second study by Gross, et al. (1955b), a' similar inhala-
|
tion exposure reaimen was employed for exposure of 50 rats, while

20 rabbits were éxposed at 89 mg/m3 for 25 hr/week for 10 months. A

relatively high mortality rate was observed: 18 percent .for the

rats-and 85 percent for the rabbits, mainly attributable to anti-
monv-induced pneumonia. Histological £findings ﬁere similar ¢to
those observed in the previous Gross, e£ al. (1952) study except
for somewhat less widesbread fibrosis in the rat?lungé and more

pronounced interstitial pneumonia in the rabbits. Again, no lymph
|

- . £ ! ©
node fibrosis was observed in either species, even thouaoh some

antimony deposits were seen in lymph nodes of each.
i

Subsequent to the Gross, et al. (1952, 19535b) revoorts, only

1
i

/|
two other studies (Levina and Chekunova, 1965; Coover, et al. 1968)

provide much additional information regarding antimony effects on
the lungs. In the Levina and Chekunova (1965) study, forfexample,
-intratracheal injections of 20 mg of antimony trioxﬁﬁe, trisulfide,
, :

or pentasulfide in rats resulted in immediate redéctions in body
weights for several days and, upon sacrifice a mohth post-iniec-
tion, lung histopathology findings indicating signé of macrophage
reaction, accumulation of 1ymphoi8 elements arouné blooﬁ vessels
and bronchi, and accumulations of epitheloid cells ﬁn other areas.

By compar:son to the above results, much moreésevere effects
_ were observed by Leviga and Chekunova (1965) wit% intratracheal
injections of a halogenated anti%onial, i.e., antimo%v trifluoride.
That is, single doses of 2.5 to 20 mg of the trifl#oride compound

! ]
produced 100 overcent mortality in exvosed rats, with death occur-

ring due to asphvxia following the onset of labored breathiﬂg and

% i N

~=29 ;
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convulsions within minutes after the inijections. Acuﬁe serous’ or
serohemorrhagic edema, causing a 3-fold increase in lung weight,
was evident upon vost-mortem inspection. In.rats surviving lower
exposures (1.0 to 1.5 mg) to the trifluoride compound, signs of
pulmonary edema were observed at sacrifice a month éfter exposure
althougﬁ lung weights were normal then.

The 1968 studies by Coover, et‘al. investigated the,effects on
10 male and 10 female rats of exposure to powdered antimony ore or
antimony trioxide. Those compounds were oresented in aerosolhfoim
at a concentration of 1,700 mg/m3 durinag l-hour exposure sessions
repeated once everv twouﬁonths for up to one year, with representa-

[

tive subjects exposed to each compound being sacrificed at inter-

vals during the study period. Immediateiy after exposure to tée
ore, but not the trioxide, transitory generalized pulmonary conge;-
tion with some edema occurred, probably due to an acute chemical
pneumonitis. Otherwise, the same types of effects were seen with
exposure to either the ore or the trioxide. ™hat is, at two months
gfter exposure to each compound, macrophages with massive accumula-
tions of phagocvtized material were observed within alveolar spaces
or among cells of the septa, at’ times forming focalized devosits
within many areas of the lung. Further exvosures resulted in in-
creasingly more extensive focalized deposits, with the phagocytic
response still being evident at the largest time points assessed
for each coébound, i.e., 311 and 366 days after exposure for the
trioxide and ore compounds, respvectively.

The above'animal toxicology studies provide consistent evi-

dence for marked resviratory effects being exerted by antirmonv com-~

c-30
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pounds following inhalation exposure. The studies, however, have

been quite limited in that none have approached two crucial issues:

i

v . |
(1) assessment of antimony~induced alterations in pulmonary func-
tion; or (2) systematic definition of doge-effect/dose-response
- ) |

relationships for either functional or histovathclogical changes
| .

associated with antimony exposure. . *
Giveq the dearth of information bearing on the latter point,
it is not now possible to estimate, with any cer%ainty, the no-
effect level for respiratory problems associated Jith exposure to
antimony. About all that can be said is that thiséno«efﬁect level
is likely higher for the trioxide coﬁpound than for antimony tri-
fluoride. Also of considerable importance is the fﬁct that many of

the pathologic respiratory effects obgerved in the above animal

'

studies do not always comport well with obse:vati%ns“in cases of

-human exposure to antimony compounds. This is especijally notable
i

in regard to the lack of evidence in humans of the extensive pulmo=-

nary fibrosis seen in rodents following inhalatibn exposure to
- ' 1

antimony. On the other hand, there do exist repogts of observa-
|

tions indicating increased phagocytic acitvity and:n:oliferation of

lung macroohages in both animals (Levina and Ch§kuhova, 1965;

Cooper, et al. 1968) and humans (McCallum, 1967) following inhala-
!

1
tion exposure to antimony compounds; the increased macroohage pres-
!

ence and phagocytosis activity, however, is of uncertain pathologi-

e . . . Jos . . s
cal significance, occurring as it does in a nonsnec%flc fashion in

response to inhalation of dusts or particulate matter. Probably of

I
|

more consequence are the observations in the above animal toxicolo-

gy studies of lipoid and interstitial oneumonia folﬂowing inhala-

!
'

tion exposures.



Cardiovascular Svstem Effects

Consistent with observations in humans, several animal-toxié
cology studies have vielded data documenting marked effects of
antimony compounds on the heart. For example, myocardial damage
has been reported follpwing exposures to antimony compounds via
inhalation (Brieger, et al. 1954), acute iniection, and oral inges-
tion (Bradley and Fredrick, 1941). |

As indicated earlier (Table 2), Bradlev and Fredrick (1941)
determined LDg S for various antimony compounds administered to
rats, mice, or guinea pigs orally or via direct i.p. iniedtion.
Animals dying within a few days after injection showed lapored
breathing, body weight loss, general weakness, and other evidegce
of myocardial insufficiency:; post-mortem examination revealed‘m?o—
cardial congestion with engorgement of cérdiac blood wvessels and
dilation of the right side of the heart. Histomathological evi-
dence of myocardial damage was also observed in hearts of animals
surviving the LD;, tests, including marked variations in myocardial
fiSer staining seen with most all of tpe antimony compounds and a
distinct increase in connective and fibrous tissues of the myocar-
dium in the antimony potassium tartrate treated‘animals.

Bradley and Fredrick (1941l) also fed animals antimény potassi~
um tartrate and antimony metal in daily doses that ranged up tc 100
mg/kg and 1,000 mg/kg, respectively, for u§ to one vear. Sfignifi-
cant myocardial effects were reported to have occurred at both the
100 and 1,000 mg/kg dose levels; the potassium tartrate compound,
for examplé, consistently produced‘myocardial damacge, indexed by

observed proliferation of connective and fibrous tissues of the
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|
myocardium and alterations in staining of myocaréiai fibers similar
to those observed in animals surviving the acute injection tests.
Ambiguous statements regardiﬁg results obtained at'lower exposures
make it impossible to determine if any "no-effect" &eve; was ascer-
tained for the myocardial effects seen at the lOOEor 1,000 mg/kq
dose levels. ‘ ;

Additional evidence ‘'for antimony~induced myo?ardiai effects
was obtained in a series of inhalation’ studie$‘ conducted by
Brieger, et al. (1954). Rats, rabbits, and dogs &ere exvosed to
dusts with concentrations of antimony trisulfide ranging from. 3.1
€0 5.6 mg/m3 for 7 hr/day, 5 Qays/week for at least%six weeks. Not
only was parenchymatous degeneration of the myocardium observed in
the rats and rabbits, but also, consistent functicnél deficits were
seen as indexed by ECG alterations, e.g., flatteged T-wave pat-
terns. The inhaled antimony particles were found %o be generallv
£2 um in size.

The particular types of changes observed in t%e above animal
experiments are consistent with myocardial effectsiseen in humans
exbosed to antimony ‘compounds. Altered T-wave ECG patterns, for
example, have also been observed in humans occusatéonally exposed
to antimony trisulfide (Brieger, et al. 1954; Kluéik and Ulrich,
1960) at levelg comparable‘to those employved in the above animél

'

experiments, e.g., at 3.0 to 5.6 mg/m3 (Brieger,;et al. 1954,
Unfortunately, n¢ systematic evaluation exists f%r dose-effect/
-dose~response relationships for antimony-induced pyocaréial ef-
fects in experimental animal models, making it impdssible at this‘

time to suggest accurate estimates of "no-effect"” levels for the

myocardial damage.
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Blood Effects

Only veryv limited information has been generated in reaard t&
antimony effects on blood elements in experimental animals. Brad-
ley and fredrick (1941), for example, reported normal blood parame-
ters for rats exposed in their LDSO studies, excepi for distinctly
increased eosinophilia after L956 doses of all of the antimony com-
pounds tested (see Table 2).

In the only other study providing information, Dernehl, et al.
(1945) observed blood changes in gquinea pigs exposed by inhalation
to doses of antimony trioxide that averaged 45 mg/m3: the exvosures
employed were stated to be for two hours daily for three weeks.ahd
then for three hours daily for several weeks. The blood chandes
observed included decreased white blood cell counts, decreaged
polymorphonuclear leukocytes, and increased Ilymphocyte counts,
while red blood cell counts and hemoglobin levels were normaif
Liver, Xidney, Svleen, ané Adrenal Effects

Scattered information exists regarding antimony effects on
certain other internal organs, e.g., the liver, kidneys, snleen,
and adrgnal glands. Bradley and Fredrick (1941), for example,
observed liver effects in their studies on i.o. LDg, for different
antimony cémpounds. Such liver effects includéd periportal conges-
tion, increased blood piamentation, increased numbers of plasma
cells, and wmild henatotoxgmia indexed by functional hypertxopéy‘of
hepatic cells. As for spleen effects, no changes were seen with
antimony oxides, but slight congestion and diffuse hyperplasia was
seen after exposure to antimony metal or tartrate. In the kidneys

of animals receiving the metal or tartrate, glomerular congestion

C-34



was observed with coagqulated material being present in kidney

tubules.

I

Dernehl, et al. (1945) later observed fattvjdeqeneration'of

t
i
i

the liver in rats exposed to antimony trioxide vga inhalation of

which at least 77 mg of antimony was retained in tﬁeir lungs. Ab-

normal spleen pathology was also detected and incluﬁed such changes
| ,
as hypervplasia of lymph follicles, decreased number§ of polymoroho-
: L
nuclear leukocytes, abnormal amounts of blood oigment, and larage

|
nurbers of antimony-laden ohagocytes. f
|
|

Liver and kidney changes were also observed by Levina and

Chekunova (1965) after 25 s.c. doses of 15 mg/ka éf antimonv tri-
fluoride administered to rats over a l-month Deriod} In the liver,
_areas of edema, fatty infiltration and cloudyv swéllinc were ob-
served. Somewhat more marked degenerative changes %ere seén in the
kidneys, e.g., swelling of epithelial cells 1inin4 the convoluted

|
tubules, nuclear -pyknosis and desgquamation of eo%thelium, hemor -

t
rhages, orotein masses in tubular lumina, and occasional .shrunken
- i

'
I

glomeruli. ‘ |

In regard to effects on the adrenals, one sé@dy (Minkina, et
al. 1§73) evaluated the effects of antimony trio&ide infections
administered to rats subcutaneously five times Deg week for three
ménths, for a‘total dosage of 165 mq.~ After 20 inje&tions, a bronad-

! - |

ening of the cortical layers of the adrenals was bbserved due to
growth of the fascicular and reticular zones; thisfwés accompanied
by increased nuclear diameters and monoamine oxi4asé activity taken
by. the ‘authors to be indicative of increased adrenocortical func-

tional activity. k .

M)
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Reproduction, Develooment, and Longevity

One of the few vertinent studies on reproductive effects of
antimony is that reported by Belyaeva (1967) in thch female rats
were exposed either to antimony dust via a single i.p. injection of
50 mg/kg or to antimony triqxide dust for 4 hr/day for 1.5 to 2
months at a concentration of 250 mg/m3. The females were mated in
estrous three to five days after the acute injection, whereas the
inhalation exposure was continued throughout gestation following
mating. Of the 30 acutely-treated dams, 15 failed to conceive com-
pared to only one failure-among control dams. Of the 24 chronical-
ly exposed females, eight failed to conceive versus no failures
among 10 control females. 1In each case, both acutely and chronié-
ally exposed dams produced fewer offspring than the unexposed co;-
trol animals. Histological examinations of females from both expo-
sure groups and control animals revealed uterine and ovariap
changes likely to interfere with maturation and develooment of egg
cells. FPor instance, ovarian follicles of exposed animalé often
iacked ova or contained misshapen ova or ovarian cortical hvoere-
mia; or cysts were present. At times, metaplasia of the uterus or
fallopian tubes was alsc seen. The most markgd‘histopathgloqic
changes were found in the animals receiving i.o: injections of
antimony metal.

In another pertinent report on antimony and revproduction,
Casals (1972) observed no effects, 1.e., no fetal abnormalities,
following administration of a solution of antimony dextran givco—
side containinaga 125 or 250 mg Sb/kg to oregnant rats on five davys

between days 8 and 14 of gestation. It is 1i1nteresting that no
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- effects on fetal development were observed in the Ca%als studv at
much higher exposhre levels employved than those used' in the
Belyaeva (1967) study, where\a(sianificant impact wgs reported on
conception and the pumber of offspring born to antimony-exposed
dams. ‘ E
In addition to the above studies on reproduction, a few inves-
tigations provide information on the potential effects of oral
exposures to antimony on vostnatal gfowth, develovment, and 10Aqev~
ity. PFor example, Gross, et al. (1955a) combared’eféects of feed-
ing two groups of 10 rats each a synthetic diet containing 2 per-
cent antimony trioxide with results obtained for 20 céntrol animals
fed the same diet without antimonvy for a comparable 8+month veriod.
The antimony-exposed animals exhibited a slower rate of arowth oveg
the 8-month veriod, reaching a final average weight o% 300 g versus
350 g forlthe control rats. ﬁo other effects wereidetected upon
microscooic examination of various tissues despite ﬁétable accumu;
lations of antimony in blood_and soft tissues of expésed animals.
| Schroeder, et al. (1970) also reoorted on the effects of
chronic oral exposure to antimony but at a much l@wer exposure
level of 5 pém (as the meéal) administered via drinki;g water adul-
teration with potassium antimony tartrate. The E% opm  exposure
level was revorted to have negligible effects on gr?wth or mature
weight of antimony-exposed animals, but. the life snang of such ani-
mals were shortened significantly; that is, males su%vive@ 106 days
and females 107 days less than qgntrols at median lifésnans. Also,
nonfasting glucose levels were significantly lower

i

}
)

glucose levels for male rats exposed to antimony, and significant

than fasting
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variations in serum cholesterol from control levels were observed
fér both male and female rats exposed to antimony. The effects on
longevity, suggestive of toxicity in rats being induced by oral
exposure to 5 ppm of antimony, were also observgd for female mice
chronically exvosed to 5 pom of antimonv in their érinking water in
another study (Xanisawa and Schroedér, 1969).

Skin and Bye Rffects

A series of exveriments conducted b§ Gross, et al. (l95§§)
investigated the irritant effects of antimony trioxide in the skin
and evyes of rabsits and rats. Antimonv trioxide (mean wvarticle
size of 1.3 um), with up to 0.2 percent arsenic as a contaminant,
was administered in 1 mg quantities in 1 ml of an agqueous susperi-
sion directly into one eve of each animal. No signs of irritat&ve
effects on the condiunctiva or cornea were evident at one, two, or
seven days post-injection.

In cutaneous toxicity tests,'antimony trioxide 'dust (2.6 q)
was mixed into an agqueous methyl cellulose paste and was apolied to
shaved areas of the torso.' After one week, during which the treat-
ed area was covered, no local skin reactions were observed on or
around the treated areas. Also, no signs of systemic toxicitv were
observed, suggesting that dermal absorvtion of antimony had o»roba-
bly not taken place - although no measurements of antimony in bleood
or in excreta were carried out to confirm that suggesplon.

Summary of Animal Toxicoloay

}

Rased on the above studies, it is clear that certain resvira-
tory effects are consistently induced in rodents after inhalation

exvosures to antimony; this includes increased macroohage orolifer-
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ation and activity, oulmonarv fibrosis, and certain t&pes of pneu-
monia. Probably of even greater significance for nreéent purposes
are marked myocardial functional and histooathologica# effects con-
sistently demonstrated to occur as the result of eithér inhalation
or oral ingestion exposure to antimony. Unforéunatély,\however,
insufficient data exist to allow no-effect levels to Pe character-
ized for either the resviratory or myocardial effeéts. Nor is
there sufficient evidence to state with confidence no%eﬁfect levels

!

for either the growth or shortened lifesvan and alteréd blood chem-~
‘ 0
istry effects observed in some studies with chronic oral exnosure

to antimony in the diet or drinking water.

!
i

HUMAN HEALTH EFFECTS :

Essentially no information on antimbny-induced;human health
|

effects has been derived from community epidemiology studies re-
i

flecting, to a large extent, the lack of any heretofcre identified

environmental health problems being associated with antimony. In

order to project what might occur in regard to enviro&mental health

|

problems, then, it is necessary to draw upon the only available
-

data bases, i.e., literature on effects observed wi@h theraveutic

or medicinal uses of antimony compounds and industrial exposure

| .
studies. In each tyve of literature some examples of acute toxic

- \
. {
effects and others of a more chronic nature have been documented.

Theraveutic Uses , !
N 1

. . ] .
Various - antimony compounds still are drugs. of choice for

treating schistosomiasis. The route of administration is generallv

intramuscular or intravenous. Fairhall and Hysloo (#947) reported
* [

that antimony is better tolerated when administered | intravenously

i
|
!
!
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than orally. These'investigators indicated that death may result
after an oral dose of 150 mg while 30 to 150 mg is recommended for
intravenous treatment. The scope of accidental overdosing problems
that once existed with therapeutic uses of antimonials is reflected
by Khalil's (1936) estimates that a 0.2 percent mortality resulted
from one million antimony treatments annually in Egypt.

Symptoms observed following accidental overdésing are illus-
trative of certain types of health effects seen at lpwer dose lev=-
els, albeit in less severe form.

Heart-related complications, convulsions, and severe vomiting
were associated with én overdose of sodium ahEimohyi gluconate
given to a l0-year-old African child (Sapire and Silverman, 1979).
Severe myocardial involvement was indicated after the schistosomi;-
sis patient had been given a dose of 300 mg daily for six days.
Convulsions and vomiting occurred near the end of the course of
treatment. During the convulsions, heart rate was rapid and irreg-
ular and the opulse was- feeble and irregular. Multipl; ventricular
extrasystoles with runs of paroxysmal ventricular tachvcardia were
observed on the ECG trace. A diagnosis of acute antimony poigoning
with cardiotoxicity was made. After initiation of chemotherany,
the ECG abnormalities persisted for 48 hours, although to a reduced
degreé. The patient thereupon reverted to sinus rhvthm. Princival
effects appeared in the Sf segment and in the T-wave. Only occa-

v ( N
sional changes in the ORS axis were noted.

!

Effects on the Gastrointestinal Svstem

Nausea and vomiting are symptoms most commonly reported.

zaki, et al. (1964) injected schistosomiasis patients intramuscu-



i
. |
larly with a 10 percent solution of Astiban (Sb with a +3 valence},

3 to 5 ml per day for 5 days. Vomiting was seen in§45 percent of
the patients; nausea, gastric discomfort, and/or anprexia was ob-’

served in 44 percent; and diarrhea in only 6 percenti

Effects on the Hepatic System

b

“Thile impaired liver function may result in symptoms normally
|

associated with gastrointestinal involvement, mo;% severe liver
damage is a rare complication in antimony theraby. Yowever,
McKenzie (1932) and O'Brien (1959) have attributed %ome fatalities
to liver necrosis. o ’

Routine clinical investigations of liver funétion, such as
serum bilirubin, rarely are undertaken in antimony tperapy. Sever-
al cases involving a simultaneous rise of SGOT and SGPT at the
onset of therapy were reported by Woodruff (1969);3 Variations in
serum ornithine carbanyl transferase, parallel to th?t of transami-
nases, were suggestive of a hepatic lesion (Snitaéls and Bouna-
meaux, 1966). These'investigations concluded that a;hepatic lesion
is a central feature of antimony toxicity and that i% is capsed by a
oroq;essive accumulatign of Sb in the iiver.

Effects on the Cardiovascular System ;

Changes in the electrocardiogram (ECG) reading'of heart action

have been conéistently associated with intravenous Sb éherapy.
" Various dJdegrees of suppression of the amﬁlitude Fn the T-wave,
inversion of the T-wave, and prolongation of the QT interval are
the most typical changes described (Mainzer andguKrause, 1940;
Schroeder, et al. 1946; Davis, 1961; Sapire and Silverman, 1970;

. §
Abdalla and Badran, 1963). The T-wave changes seem to be the most

i

1
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frequent, apvearing in 100 percent of the treated patients in some
studies. Changes that occur less.frequently are: (1) diminutioﬁ
of amplitude of the ORS complex, (2) bradycardia, (3) changes in
the ST segment, and (4) ventricular arrhythmias° While enzyme
impairment, antimony deposits in the heart, autonomic nervous sys-
tem dysfunction, and other functional impairments have been sug-
gested as leading éo ECG changes, thev generally are not considered
to be indicative of persistent cardiac damage (Schroeder, ét al.
1946; Davis, 1961; Sapire and Silverman, 1970).

A description of the ECG changes following antimony sodium
tartrate therapy was provided by Honey (1960). 1In all but one of
the 59 patients, ECG changes were seen toward the end of the courge
of therapy. Changes ranqed from verv slight to severe. }n tbe
absence of a history of antimony sodium tartrate administration,
the severe changes would have been interpreted as indicating severe
myocardial disease. The effects described by Honey have also been
seen upon therapy with other antimonial drugs (Mainzer and Krause,
1940; Schroeder, et al. 1946; Tarr, 1947; Abdalla and Badran, 1963;
Germinaini, et al. 1963; Dancaster, et al. 1966; Sapire and Silver-
man, 1970; Waye, et al. 1962; Hsu, et al. 1960; éomers and Rosa-
nelli, 1962; Awwaad, et al. 1961; Badran and Abdalla, 1967;
O'Brien, 1959).

Honey (1960) indicated that the following changes were charaé-
teristic: the P-wave often becomes tall and broad, while R-wave
voltage is significantly lowered. No changes in PR or ORS inter-
vals were observed although the OT interval increased in most

cases, The most characteristic abnormalities were in the ST seg-
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ment and T-waves. The earliest change was a reduction in amplitude
l ' ‘

cf the T-wave 1n all leads. 1In severely affected cases, the T-wave

became ccmpletely inverted. No consistent change in pulse rate was
|
observed, although one cazse of serious ventricular arrhythmia was

I

seen. Honey theorized that the longest intervals were associated

wich sinus arrest or sinocatrial block. X
The ECG changes that are 'observed have been associated with
)

. - !
both trivalent and pentavalent antimonial therapy. Trivalent com-

pounds are more widely used. The drugs most effective in the

| - .
treatment of schistosomiasis also cause the greatest disturbance to

!
! ~ P L] » t -
the heart. The wvercentage of patients having a}tered ECGs has

P

often aporoached 100 percent after intravenous administration of
i &

<

trivalent antimony potassium or - sodium tartrate (Honey, 1960f
Schroeder, et al. 1946; Tarr, 1947). Altéreg:ECG? occur in less

than 80 percent of thcse individuals receiving tri&aleqﬁ compounds
intramuscularly: ’

ECG changes following treatment with pentavalent compounds
nave been infrequently observed. Administration ﬁf trivalent and
ventavalent drugs to 30 patients with schistosomiasﬁs or leishmanl--
asig resulted in flattened T-waves, énomalous QTiintervals, and

7 .

nyccardial ischemia of the subepicardial layer. Onpy five patients

"
D
(9]
1]
'_J

ived the pentavalent drugs (Germiniani, et al. 1963). Davis

{1261} observed that ECG chances following treatme#t with pentava-

1
~ent ¢

QO

moocunds are much less severe than with trivalent compounds.

N |

In part, this may be due to the observation that trivalent com-

Q
[
3
[o8
4}
£

i
|
e ire only slowly eliminated by the kidney, whereas oventava-

4 '



_lent compounds are metabolized by the liver and are excreted more
ravidly (Sapire and Silverman, 1970).

Lopez and da Cunha (1963) did not observe any treatment-relat-
ed ECG alterations in patients receiving the ventavalent drug. The
total dose of pentavalent Sb ranged from ' 4.95 to 19.35 gm given
intravenously over 5 to 10 days; On the other hand, the total-dose
of.trivalent antimony ranged from 214 to 510 mg given intravenbuslv
over 2 to 9 days. All patients given trivalent ahtimony sodium
gluconate exhibited diffuse alterations in ventricular renolariz;-
tion, seen primarily in the T-wave, and in one case, accompanied by
a sinus tachycardia. In the group,réceiving m-methyl glucamine
antimoniate (pentavalent), only one patient showed ECG chanqe?.
The arrhythmia observed was attributed to the patient's advanced
case of kala-azar. Similarly, Tarr (1947) was unable to find ECG
alterations in three patienté treated with the pentavalent com-
pounds, ethyfstibamine or glucostibamine sodium. However, typical
changes in the T-wave of patients given either of two trivalent
compounds (antimony potassium tartrate gr stibophen) were observed.

ECG changes in Egyptian adults, adolescents, and children
treated with antimony dimercaotosuccinate (TWSb) have'been reported
by Abdalla and Badran (1963). The course of treatment éonsisted of
five daily intramuscular injections of 6 mg TWSb/kg body weight
(total dose = 30 mg/kg or 7.5 mg Sb/kg) administered to 25 adult
patients. Thé patients had normal ECGs prior to treatment. ECGs
were monitored after the completion of the treatment course. in
five patients, ECGs also were performéd 0.5 hours after the first,

third, and fourth injections. Among the changes observed (number



!
P

I
|
|
I
L

of vatients exhibiting effects are shown in oaraﬁtheses) were:
diminution in amplitude of the P-wave (l12), prolongation of the PR

interval (2), decrease ih PR interval (4), decreaseiin the ampli-
tude of the QRS complex (l0), increase in amplitude of the ORS com-

- |
vlex (1), slight depression of the ST segment (3), and T-wave

! |
changes (24). No changes in the ECG were observed immediately or

!
up to two hours after the first indjection. The effects of the
|

treatment on the myocardium were cumulative; thev started after the
|

third dose and were more marked after the fourth anﬁ fifth Aoses.
ECGs exhibited normal behavior within 4 to 6 weeks foilowing treat-
ment. Z

Davis (1961) found ECG abnormalities after tregting 19 male
African children or adolescents,r ages 11 to 20, 'thh antimony
dimercaptosuccinate 1intravenously. ”hé) total dosgqe aiven for

Schistosoma mansoni and S. haematobium ranged from 1.0 gm in faive

days to 2.0 am in three days. FCGs were monitored}before treat-

ment, daily during treatment, and for the first two or three days

I

, o1 . | .
after treatment. All patients exhibited inverted T-waves in one or
f
more leads following treatment. Inversion was observed at diffe-
} »
' i
rent times, and no dose-response was ascertained. Minmum ampli-

I, .
tude was observed on the last day of treatment or during the first

P N
]

three days after. treatment. Persistent abnormalities were seen i
' >

7 of 12 cases at 28 to 33 days and in two of five cases at 54 days
|

A

after treatment. These abnormalities were either ner%istent inver-

sion of the T-wave in the right unipolar precordial ' leads or the
4 l

failure to regain their amplitude before treatment. Transitory

I
orolongation of the QTC interval was noted in 9 onlB»serles\of

(@]
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recordings. The investigators found that 15 patients had isoelec-
tric, or inverted, T-waves before treatment. Thesé individuals
exhibited the onset of frank inversion or an increase in the T—wave.
amplitude of inversion following treatment. The authors commented
that T<wave inversion before treatment occurs among Africans of all
ages and is a common finding among African children.

The ECG changes observeé upon treatment were largelx reversi-
ble over a period of weeks and roughly paralleled the excretion

ratg of Sb. It was suggested that temporarv mvocardial damage
resulted from accumulation of trivalent Sb. -

Honey (1960) suggests that Asiang and Africans are more sﬁs—‘
ceptible than Europeans to the cardiotoxic effects of Sb. Of i15
African or Asian patien;s, 11 had severe ECG changes while 7 of: 45
Buropeans had changes classified as "severe."

Huang, et al. (1960) noted a greater suséeptibility to anti-
monial drugs among females as ooposed to males. Severe cardiac
arrhythmia was more frequently found in female patients, especially
those undergoing menstruation or lactaﬁion. The investigators were
not aware of any such eDisoées occurring in opregnant womeﬁ.

Antimony dimercaptosuccinate treatment was observed bv
Abdalla and Badran (1963) to.result in more marked ECG changes than
when votassium antimony tartrate, another trivalent compound, was
employed. TInversion of the T-wave occurred in 32 percent of those
receiving TWSb but in only 10 percent of those receiving the tar-
trate compound. ,

Decreases in T-wave amplitude and elevations of the ST sedgment

were observed in Egyptian patients receiving sodium antimony bis-



y

(pyrocatechol-2,4-disulfonate), a trivalent compound (Zaki, 1955).
This compound also was used by O'Brien (1959) to t?eat 20 young,

Y |
West African soldiers for schistosomiasis. The total dose of anti-
|

mony given intravenously was 807.5 mg over a period o& 20 days. One
|
individual ‘exhibited gross ventricular dysrhythmia4 Recovery was

i
complete after administration of ;British Anti-Lewisite. Near the
. |
end of treatment, all individuals had abnormal ECGs. Abnormalities

were elevation of the ST segment followed by a sharp inversion of
- } .
the T-wave in the right ventricular unipolar precardial leads. ECG

traces were normal three months after treatment. Tkmporary heart

¥
T

muscle damage was suggested as a result of treatmené.

A Stokes-Adams syndrome was oObserved by Danéaster, et al.
(1966) in a 26-year-old female biharziac patient recéiving antimony’
sodium gluconate. During the é4 hours folléwing th? fourth daily

injection, she lost consciousness six times, and once she stopped
: P |
breathing. The first ECG taken exhibited .changes compatible with

nypokalemia. The T-wave flattened and the U-wave was prominent.

k
An EZCG taken 24 hours later suggested inferior myodardial infarc-

!

tion. The ECG returned to normal over a period ofvSLx weeks., A

i
,direct effect of antlmony on tﬁe myocardlum or.a coxonary spaam

‘caused by Sb was suggested. Similar case hlstor¢es with other
‘ , t ‘
antimonial drug regimens are cited by Sapire and Silverman (1970),

Waye, et al. (1962), Hsu, et al. (1960), and O'Brien (1959).
bl l
Woodruff (1969), Sapire and Silverman (1970), and Honey (1960)

suggest that Jdose-response results are unclear. Hypersensitivity

|
i

and the tvpe of antimonial are more important factors than total
. |

dose. The most severe ECG changes have been found to|occur with .the
z
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smallest doses. Honey (1960) noted that the action of antimpny on
the myocardium appeared to be cumulative as followed on an individ-
ual basis. i

Lu and Liu (1963) reported that cardiac intoxication caused 70
to 97 percent of the reported antimony drug-related deaths,’fol-
lowed by hepatic or generalized intoxication. Wo datg were given,
Honey (1960) reported that cardiac edema and fragmentation of mvo-
cardial fibrillar structures were found upon autopbsy on a person
who died after 12 injections of antimonyEsodium tartrate. Total
amount administered was. 1.5 grams. The heart showed appearances of
a very recent moderate-size myocardial infarction. The analyses
for Sb were: blood, 0.i7 mg/100 am; liver, 0.20 ma/kg; skeletal
muscle, 3.0 mg/kg; and heart muscle, 2.0 mg/kg. :

The effect of antimonial therapy on heart rate was examined by
Tarr (1947). An increase averaéing 10 to 15 bea:s pgr minute was
found in 48 treatment courses. A decrease averaging 10 té 15 beats
per minute was found in 77 cases; no bbanqe was found iﬁ the remain-
ing 56 cases. Tarr was unable to observe any relationship between
the T-wave and heart rate changes. Others have failed to observe
significant changes in heart rate in patients receiving antimonial
drugs (Honey, 1960; Schroeder, et al. 1946; Abdalla and‘Badfan,

1963; waye, et al. 1962). /

Effects on the Skin

Side effects resulting from antimony exvosure or therapy in-
clude skin rashes, generalized urticaria, maculopapular eruptions,
irritation around the eyes, and pruritis. Skin rashes aooear in

approximately 10 to 25 percent of the vmatients (Zaki, et al. 1964;
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Hamad, 1969; Pedrique, et al. 1970). Skin irritatién and rashes
have most often been observed following exposure to an%imony triox-
ide (Renes, 1953; Paéchoud, 1964) and have usually be?n associated
with hot environments during the summer months (Mccéllum, 1963).
Antimony oxychloride,foentaChloride, and trisulfide %ave not been

reported to cause dermatitis.

'

Other Effects g

Harris (1956) Teported that theraveutic use of Faudin,4 an
antimony compound, can cause acute hemolytic anemia. %Erythrocytes
gave a positive antiglobuliﬁ-test. In vitro experiments demon-
strated that serum factors cavable of aqglutinizinb normal red

!
, ' E
cells and sensitizing them to become positive upon Coombs testings,

as well as hemolyzing both trypsinized and normal redfcells,'could
i

|

not be found unless the drug was present. ,

Trivalent compounds were associated with two cases of optic
r

neuropathy associated with visual disturbances and indefinite fun-
- |

dus changes which occurred a few days following treatm#nt (Forsyth,

1958) . , .

}

Summary of Therapeutic Use Effects ; " |

| -
As indicated above, aastrointestinal symptoms including
, i

severe nausea and vomiting are associated with acute high thera-
|

peutic exvosures to antimonial compounds. In ‘addﬁtion, rather

\
severe myocardial symptoms and convulsions have also been 'seen with

: . . |
acute high doses of antimonial medicines, and some cases of deaths

attributed to liver necrosis have been reported. Wwith chronic

. f
exposures to lower dose levels of medicinal antimopy compounds,

myocardial effects stand out as being of key concern. LIntgresting-
' |



ly, skin rashes and other irritative skin changes also occur in a
certain vercentage of patients during treatment with antimonigl
compounds; this provides evidence for skin changes being among
health effects directly attributable to antimony and not necessari-
ly being due to exposure to érsenic or other contaminénts variously
closely associated with antimony during the course of dermal or
inhalation exposures in ingustrial situations. .

Indugtrial Exposures

Antimony in nature commonly is found in devosits containing
other elements ahd minerals such as arsenic, lead, selenium, and
silica; ié is therefore not unexpected that exnbsures to several
such materials encountered along with antimony Auring its orodyc-
tion and use tend to complicate interpretation of results from
studies of health effects associated with 'industrial antimony expo-
sures. Again, acute high exnosurés to antimonv in occupational
settings are illustrative in terms of highlighting the ranae of
effects associated with the metal; manv effects are observed in
less severe form at lower, more chronic exposure levels.

General symptoms and the c¢linical pathology of antimonv intox-
ication were discussed by Gocher (1945) in a survey of eight cases
involving various industries. Many symptoms observed match these
seen with overdosing with therapveutic uses of antimonials; such
symptoms of acute industrial antimony poisoning include: (1) ano-
rexia, (2) nausea, (3) vomiting, (4) diarrhea, (5) headache,
(6) dizziness, and (7) irritation of the upper resoiratory tract.
In addition, rhinitis, bronchitis, ﬁastric disturbances, c¢olic,

faintness, and feeble heart rates may be observed, Svmptoms of

c-50 . .



chronic severe intoxication may also include occipital headaches,
dizziness, and muscular pain. Eosinophilia, moderate lanemia, and

leukopenia may be present. The degree to which Sb mayfbe absorbed

. i
may be indicated by the reticulocyte count. An increase in reticu-

i

locytes always was found. Hemoglobin varied betwéén 70;and 80 ver-
cent, and the red blood cell count fell between 3.8 an# 5 million.
Leukocytes averaged 7,800 in chronic cases and betwee% 10,800 and
8,400 in acute cases. dlucosu;ia and albuminuria wer# present\in
half the cases. E

Acute intoxication due to exvosure to antimony o%ntachlbride
was reported by Cordasco and Stone (1973). A 39;year-%ld man ‘was
exposed to an unknown amount of the compound followin% a gas leak
from a reactor. Second and third degree burns were reéorted. Re-
spiratory‘distress was diagnosed upon hospital admission. Marked

. * s . ‘
moist rales in both basal and mid-lung fields were noted. Pulmo-
-
nary edema, persistent orogressive respiratory distress, and resoi-

ratory acidosis ensued. Following long-term, intensive{resniratory

!
|
care, the patient improved. ) , |
|

|

"Antimony trichloride was believed resoonsible for an epnisode

i

' . ’ N I
of acute intoxication of seven men exposed to fumes. A opump leak-

ing a2 hot mixture of antimony trichloride and hydrochloric acid was
i

\

responsible. All workers had upper respiratory tract irritation
which was attributed to the hydrochloric acid. Five;of the men

-
developed gastrointestinal disturbances, including abdominal "pain
i

and versistent anorexia. Red and white blood cell coun#s and hemo-

5
globin levels were normal in four of the workers. Chest radio-
|

i
graphs of all seven workers were normal.

(9
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Antimony in thg urine was in excess of 1 ma/l in five of thc
seven men for up to two davs after‘expésure: The hiqhest\concen
tration (one subject, two days after exvosure) was 5.1 mg/l. In
termittent analyses on subsequent days indicateq urine antimony

’

content drooped rapidly. Subsequent air analyses three feet down
wind from-the oump revealed that the atmésphere contained uo to 7:
mg 9b/m3 and 146 mg hydrochloric aciﬂ/m3.

Among 78 workers exposed to antimony sulfide ore during .min
ing, concentrating, and smelting operations, cases of nasal-septal
perforations, laryngitis, tracheitis, and pneumonitis were rgz
ported in 3.5, 11.0, 10.0, and 5.5 vercent of the workers, resvec
tively (Renes, 1953). Rhinitis and dermatitis were reported in 2:
percent of the workers. Among 7 of 9 workers severely affecéed
urinary levels of Sb ranged from tréce amounts to 60 mg/lOOrml
There was a progressive increase in the number of éeve;e ilinegse
with increasing length of employment. Air levels of Sb ranged fr«
4.69 to 11.81 mq/m3. Average arsenic levels were 0.73 mc/m3. Th
size of the particles was less than 1 u. Most cases of '‘dermatiti
were seen during a'l-week period of heavy exovosure. The lesion
were described as nodular and ulcerative. In those complaining o
larvngitis, erosions or ulcerations of the vocal cords were alway
observed. Chest x-rays of six men, acutely ill frqm fheavy" exXns
sure to smelter fumes, exhibited definite oneumonitis. Wo eviéenc
of peripheral varenchymal pulmonary damage was found. Symptomati
treatment and removal from exvosure for several days orovided re
‘lief. Although emissions éontrol measures were installed and low:

ered average Sb levels in the air to 6.8 mc/m3 and arsenic to 0.8

mg/m3, work-related illnesses were still occurring.
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The symptoms observed by Renes were repvorted to be character-
istic of both Sb and arsenic intoxication. However, ﬁhe most com-
mon early signs of arsenic intoxication were not réoorted aﬁong
these workers. 1In addition, higher arsenic exposures gin the elec~
tric furnace area) were not reflected by the more iétense or in-
creased numbers of illnesses in that area. rRenes concluded that
antimony trioxide, thg nfédominant air contaminant, waF resovonsible

for the illnesses. . . . § :

i

Resgpiratorv and Dermal Effects

Effects on pulmonary function have been reported by Coover, et
al.- (1968) among workers exvosed to dust from antimony ore and
antimony trioxide. 1In a total exvosure population of 28 workers,

|

pulmonary function sfudies were performed on 14 who:had been ex-
posed to antimony trioxide for pericds of 1 to 15 y%ars. .~ Benian
pneumoconiosis was found by roentqenégraphy in 3 ¢f 13 workers
exposed to both types of dust. Five additional f%entcenograohs
exhibited suspicious findings. ‘The patterﬁ of pneumoconiosis was
one of small rounded and irregular ovacities of thé Yo" and "s"
types. Antimony excretion was variable and without éorrelation't5
the roentgen findings. Atmospheric concentrations o% Sbh monitored
'in 1966 at 36 plant locations ranged from 0.081 to 75§mg/m3. High=-

est levels (133 mg/m3) were associated with the bagging overations.

i
Particle diameters were .not reported. ECGs from seven workers

|

i
{three of whom had pneumoconiosis) showed six with normal tracings

and one with slight bradycardia. No correlations between urinarv
{
Sb levels (7 to, 1,020 ug/l), ioentgenoqraohic abnormalities, and

pulmonary function tests could be established.



Pneumoconiosis also was diagnosed by Le Gall (1969) in 10 of
40 furnace workers exﬁosed to antimony oxide for periods of 6 to 40
vears. Concentrations of antimony trioxide in the factorvy ranged
from 0.3 to 14.7 mg/m3.“ Most particles were reported to be smaller
than 3 uym in diameter. Le Gall, however, reported that the ore
used contained from 1 to 20 percent silica. Although there was no
overt illness, the radiograﬁhs showed moderate, deﬁse reticulonodu-
lar formations scatfered through the pulmonary fields. Urine spec-
imens from a few workers were analyzéd, but Sb was not found. Tt is
thus difficult to separate possible silica effects from‘presumed
antimony effects reported here.

Pneumoconiosis and dermatitis in an unspvecified number of
antimony orocessing plant workers were found by McCallum (196%).
The skin rashes consisted of pustules around sweat and sebace;us
glands and resembled lesions associated with chicken pox or small-
PoX. Rashes were not observed on Eace,‘hands, or feet, bu; partic-
ularly were found on the forearms and thighs. Simple.pneumoconio-
‘sis was diagnosed by radiographic examination. ™he lung changes,
in nearly all cases, were symptomless. Two of the men subsequently
developed tuberculosis. One had chronic bronchitis and respiratory
obstruction. Pulﬁonary function tests suggested that the latyer
individual also had emphysema, but no pulmonary fibfosis was Ade-
tected. Spot samples oﬁ urine from three with pneumoconiosis had
Sb concentrations of 425, 480, and 680 ug/l. Air analyses at vari-
ous plant locations (Newcastle-upon-Tyne, U.K.)‘indicated that Sb
concentrations in the work environment generally exceeded O.SAmg/m3

with particles averaging less than 1 um in diameter. 'Highest con-



centrations (&37 mg/m3} were found when molten met§1=was ooured.
This study is especially valuable in linking the above effecté to
relatively Surer antimony exposures than tyvically okcur in other
industrial settings.

Uoon reinvestigation of this plant, McCallum (1967) discovered
26 cases of antimony pneumoconiosis. Ofrthe 562 men employed at

Newcastle-upon-Tyne, 44 had pneumoconiosis ascribed to Sb. All

~

i
cases were Of the simple type. One antimony workergwho died from
§ *

carcinoma of the lung was found to have had accumulations of Aust

¢

particlés and dust-laden macrophages lying in alyeolag septa of his
lungs and in perivascular tissues. No fibrosis or ié%lammation was
seen, leading McCallum to suggest there wéé little ér no reaction *
to Shb dust in the lung. |

Using an improved method (in vivo x-ray soecitrcnscooy) for
detection and measurement of inhaled SbO, dust retainéd in workers'
intact léngs, “cCallum{ et al. (1970) screened ilB an&imony vrocess
workers at Newcastle-upon-Tyne. Most workers examénea had been
emploved at the site for leés than 20 yearé and had~éo:ked at dif-
ferent operations for vgrying periodsfof time. Aﬁ increase in
pneumoconiosis was associated with a rise in the méan veriod of.
employment. The amount of Sb in the lungs of these Qorkers ranged
from undetectable levels to just over 1l mq/cm2 of lﬁng area. ' The
individual having the highest lung level was employed:at the facto-
ry for 35 years (16 of which he packed antimonv trioxide).

An examination of 101 men employed at a Yugoslévian antimony

smelter revealed 14 cases of simple oneumoconio%is {(Xariovic,

1958). Emphyvsema and bronchitis were found in 22 wor?ers, eiaht of



whom were less than 40 years old. There were four cases of-tubercu;
losis. Other findings included catarrhal symptoms of the ubper
respirato;y tract, conjunctivitis, and ulcerated nasal seotae. , N&
symptoms suggestive of damage to the gastrointestinal téact, liver,
cardiovascular system, and central and veripheral nervous systems
were observed. Dermatitis was found in 16 workers, lBlof whom
worked at blast furnaces. The dermatitis was described as vesicu-
lar, varioliform, and efflorescent. The efflorescence underwent
necrosis in the center and left hyperpigmented scars. In €ight
workers with pngumoconiosis (of 20 selected blast furnace workers),
normal ventilatory function was exhibited in three cases an’
slightly reduced in four. Blood pressure values were reported as

£

being somewhat lower in éive of the eight Qorkers with pneumoco@iC—
sis. No data were provided. ECGs and hevatograms were normalf

NDue to the presence of other air contaminants (ferrié oxide,
silica, and arsenic trioxide), it is unclear to what extent anti-
mony caused the observed findings. Antimonv trioxide constitute:
36 to 90 percent of the mixed dusts to which the workers were ex
posed. The particle sizes were oredominantly under 0.5 u.

In an antimony smelter ‘in.‘West Serbia, Yugoslavia, simpl-
pneumoconiosis was found in 31 of 62 workers (Karajovic, et al.
1960). Emphysema and chronic bronchitis also were observed in some
of the workers. Weither Bronchio-oulmonary lesions nor symptoms Gi
systemic péisoning were found, although skin effects were common.

various }ung-related disorders were fopnd by Xlucik, et al.

(1962) in an investigation of workers at a Czechoslovakian antimon

vrocessing plant. These workers were exoosed to smoke, antimon,



sxide dust, and antimony trisulfide for oeriods?ranqinq from a
.2Ww Years to 28 years. The incidence was as follow%: pharyngitié
(76.5 percent), bronchitis and rhinitis (54.3 oercenﬁ), pneumoconi-
osis (20.8 percent), symptoms of emphvsema (41.9 peréent); and per-
forations of the septa (33.2 percent). The averaﬁe size of the
dust and trioxide particles were 1.03 and 2.84 nm,‘respectively.-
Nevelopment of the pneumoconiosis ended at the micrbnodular size.

It did not become complicated with tuberculosis.

i
i

Dermatitis, believed to result from the acti@n of antimony
trioxide on the dermis after dissolving in sweat agd\peneirating’
the sweat ducts, was reported by Stevenson (1965). 5ermatitis was
found in 23 of 150 workers exposed to Sbo3 at the N%w¢astle-upon-
Tyne works. All affected workers were exboéed to hotjenvircnments:

‘17 worked at the furnaces. The antecubital area was most often

involved. Dermatitis subsided in 3 to 14 days after workers were

transferred to cooler areas. Microscopic examinatipn of the le-

sions revealed epidermal cellullar necrosis with associated acute
|

dermal inflammatory cellular reaction. The lesions were found
close to sweat ducts. Stevenson noted that Sb03 is séluble in lac-

) - |
tic acid, which is present in sweat in increased amounts following
x

heavy exercise. Patch tests with dry Sb03 or Sb03 ﬁn water were

1

negative. ;
j

fkin patch tests on 45 women and seven men with a mixture of
|

powdered SbG3 and Q.29 percent arsenic covered with mdistened gauze

pads were negative over a 3-week period (Linch and SﬂQmund, 1976y .

l
Antimony trioxide was not considered a primary skin irritant or a

;
!
r

skin sensitizer.
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Myocardial Effects . ,

Heart abnormalities associated with occupational exposur
Sb have also been investigated. -

Changes in ECG traces were correlated with exposure to‘
Rlucik and.Ulrich (1960). However, concomitant exposure to ar
may have contributed to the observed changes. Only ECG abnor
ties and subjective complaints were correlated. Abnormal ECfs
found in 8 of 14 metal wérkers with frequent subiective complai

A decrease in blood pressure and ECG changes were found am
a work force of 89 antimony production workers in the USSR (Besa
rovnaya, 1972). More than half of the work force (average length
of employment of 11 years) complained of cardiac pain. Decreased
contractile force and lower electrical activity of the myocaréium
accompanied by increased excitability were found. ?xtrasvstélic
arrhythmia was observed in 12 workers; systolic noise was heard in
23. ECGs showed diminution of P-, R-, and T-waves and a simultane-
ous slowdown of intraventricular conductivity to 0.1 percent at
0.002 seconds. Balistocardiographs showed 12 cases evaluated as
Brown's 3rd degree. The investigators concluded that diffuse dam-
age to the ventricles of the myocardium and a diminution of its
contractile ability were indicated.

Sudden death and heart complications associated with exnosuré
to antimony trisulfide in a manufacturing setting were discussed by
Brieger, et al. (19545. An increase in the number of sudden Aeaths
among factory workers engaged in the manufacture of resinoid grind-
ing wheels was observed after the use of lead was Adiscontinued and

‘antimony trisulfide substituted. Following replacement, six sudden
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deaths and two deaths due to chronic heart disease océurred amona
125 workers exposed for 8 to 24 months. Prior to re?laéement of

|

lead, only one death (coronarv thrombosis) occurred in 16, years in

1
that department. Antimony trisulfide was found in aik concentra-

. tions exceeding 3.0 mg/m3. :
Phenol formaldehyde resin also was used in the Aanufacturing

t - ’
process but workplace concentrations were not revorted., In a clin-

ical survey of 113 workers, EC’ changes in 37 of 75 &ozkers were
found. These changes primarily involved the T-wave. Of the 113
men examined in the survey, 14 had blood pressures excéedinq 150/80
mm and 24 had pressures lower than 100/70 mm. No menéion was made
of smoking, d;}nking, or medical histories of the workérs. Follow-
ing the cessation of use of antimony trisulfide, n; additional
deaths or abnormal cardiac effects were observed. ‘

. 1

Carcinogenesis . N

i
An investigation of the role Sb may play in inducﬁnq lung can-

cer among antimony workers was conducted by Davies R1973). The
i
study was initiated in 1962 -after it was learned that ? man engaged
in the vrocessing of antimony had died from lung cancér. A retro-
spvective study found seven other deaths from l&nqrcancgr among
antimon§ workers in the preceding eight vyears. Four%of these men
had worked at the MNewcastle-upon-Tyne antimonv workﬁ. The other
;hree men had worked in an antimony processing dlant §hat had dis-
continued owerations. Smoking habits were not reoﬁrted nor was
information on the exact procedures used for computin% the reported

death rates: alsco the death rates observed were lower than expected
> i

rates for the workers.

~



Blood Effects

Symptoms of light and chronic intoxication were found by
Rodier and Souchere (1957) in a study of llSVMofoccan antimony mine
workers. A mean leukocyte cdunt of 4;900 per mm3 was found in 44
percent of the workers. A red blood cell count of less than 4 mil-
lion per mm3 was found in 47 percent of the workers. fﬁo;e than l‘gm
of Sb per kg hair was found.

Reproduction and Neveloopment Effects

¢

Female antimony smelter workers were evaluated by Relyaeva
(1967) for gynecological disorders. A greater incidence of dis:
orders was found among smelter workers than in a control group-
(77.5 percent v. 56 percent). qnontanéous late abortions occurred
in 12 opercent compared to 4.1 percent in controls. The bir;p
weight of children born to exposed female workers was not differeht
from those born to controls but weight began to lag behind at age
three months and was sigﬁificantly lessfat one year of age. The
women were exposed to ﬁetallic antimony dust as well as antimony
_trioxide and pentoxide. Mean concentrations of antimony in the
blood and urine of female workers were more than 10 times greater
than in the control group. Average urine levels of Sh for exvosed
workers ranged from 2.1 to 2.9 mg/100 ml. Antimony also was found
in breast milk (3.3 + 2 mg/1), placgntal tissue (3.2 to 12.5 mg/100
mg) , amniotic fluid (6.2 + 2.8 mg/100 mg), and umbilical cord blooé

(6.3 + 3 mg/100 ml).



Aiello (l955) observed a higher rate of orematu?e deliveries

, | .

among women workers in antimony smelting and processing. Premature
' r

deliveries occurred in 3.4 vercent of the study gro#p and in 1.2
|
percent of the controls. Women workers had frequent cases of dys-

|
menorrhea as well as some cases of evistasis.



CRITERION FORMULATION

Existinag Guidelines and Standards

At the Dreseng time,‘no standards exist regarding allowable
amounts of antimony in food or water. This reflects the fact that
only very small trace amounts of antimony have ever been found in
food or water samples from United States surveys; this also re-
fiects the general lack of any past opublic health problems associ-
dted with antimony exposures via food or water intake. The only
present standards that exist, then, are those established for the
protection of workers in occupational settings.

Existiné occupational standards for exposure to antimony are
reviewed in the National Institute for Occupational Safety and
Health (NIOsH, 1978) criteria document, Qccﬁnational Exposureéto
Antimony. These standards avpvly most specifically to airboéne
antimony but may be useful for ourvoses of deriving a reeommended
standard for water. |

As stated in the NIOSH (1978) document, the American Confer-
ence of Governmental Industrial Hygienists (ACGIH), in 1977, listed
the TLV for antimony as 0.5 mq/m3 along with a notice of intended
change to a proposéd TLV of 2.0 mg/m3 for soluble antimony salts.
The provosed TLV was based mainly on the reports of Taylor (1966)
and Cordasco (1974) on accidental poisoning by antimony trichloride
and pentachloride, respectively. Provosed limits of 0.5 mq/m? for
handling and use of antimony trioxide and 0.05 mg/m3 for antimony

trioxide production, however, were also included in the ACRIH

(1977) notice of intended changes.
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The Occupational Safety and Health Administggtion earliér
adopted the 1968 ACGIH TLV for antimony of 0.5 mg/m3iés the Federal
standard (29 CFR 1910.1000). This limit is conéistént with limits
adopted by many other countries as descriﬁedrin Occuﬁational Egpo-
sure Limits for Airborne Toxic Substances - 3 Tabul%r Compilation
of Values from Selected Countries, a publication réleasgd by the

International Labor Office in 1977. The NIOSYW (l978i document also
- N \ )
presented a table of exposure limits from several countries, repro-

duced here as Table 3;/the typical standard adooted ﬁas 0.5 mg/m3,

as indicated in Table 3. The 0.5 mg/m3 level was also recommended

i

as the United States occupational exposure standard by the NIOSH

{1978) criteria document, based mainlv on estimated po“effect lev="

|

els for cardiotoxic and pulmonary effects.

Special Groups at Risk :

|
i

At this time, none of the available information permits con-
|

clusive identification of ponulations at special risk for antimony

|
exposure exceot, of course, for occupationally exvosed individuals.

|

All other types of general environmental exposures, from all media
!

1
- i
and sources, appear to represent essentially negligible antimony
. \ |
exposure levels for humans, as discussed earlier.

If antimony exposure levels were to reach substa%tially higher
) |

levels in the air or water, however, then individualsfwith existing
. l
chronic respiratory or cardiovascular disease Droblem§ would likely -

. ) |
be among those at special risk in light of probable exacerbation of
f

one or both types of health problems by antimony.
|

i ;
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TABLE 3

Hygienic Standards of Several Countries for Antimony and
Compounds in the Working Environment

S

Country Standagd Qualifications
(mg/m™)
Finland ‘ Not stated
Federal Republic of Germany . 8-hour TWA
Nemocratic Republic of Germany . Not stated
Rumania .5 Mot stated
USSR .5 For antimony dust
.3 FPor flourides and chlorides
{tri-and pentavalent);
obligatory control of
. HF and HC1
1.0 For trivalent oxides
and sulfides
1.0 For pentavalent oxides
and sulfides
Sweden . Not stated
USA . 8-hour TWA
Yugoslavia 0.5 Not stated

Modified from Occupational Exposure Limits In Alrborne Toxic Substances,

International Labour Office (1977)

-



Basis for the Criterion

Summary of Health Effects

At the present time, there are essentially no e?istinq commu-
nity epidemiology studies that provide informationéon health ef-
fects associated with antimony exvosure among the génetal popula-
tion of the United States or other countiies. Thié is primarily

due, as indicated earlier, to the lack of anv recoqhizable‘oublic
. | .
health problems having been previously associated with environment-

al exposures to antimony. Rather, one is limited to gxtrabolating,

- |
as best as can be done, from human occupational health and animal

toxicology studies. ' ’ ;
Pulmonary, cardiovascular, dermal, and certain effects on re-
' |

production, development, and longevity are among the bealth effects

i

best associated with antimony exvosure. The oulmonary effects,
! -
however, are almost exclusively associated with inhalation expo-

sures and have much less relevance than the other effects in con-

{

!
sidering possible bases for development of criterié for a water
standard. '~ The pulmonary effects are, therefore, ﬁoi considered

. . . \
here, but rather the main emphasis is placed on the latter types of

x
effects listed. '

Cardioyascular changes have been well associated with exposure

(

to antimony and probably represent the most serious antimonv-relat-
i
~ed human health effects demonstrated thus far. SoFcifically, in

humans, various ECG changes, e.g., altered T-wave %atterns, have
beeé consistently observed following exvosures to ei&her trivalent
or pentavalenf antihonial compounds gnd have been %nterpreted as
being indicative ofvat least temnérarv cardiotoxic e%fects of anti-



mony. Indications of even . more severe, vossibly permanent myocar-
dial damage in humans have been obtained in the form of histbpathof
logical evidence of cardiac edema, myocardial fibrosis, and other
signs of myocardial structural damage. Parallel findings of func-
tional changes in ECG patterns and of histovathological evidence of
myocardial structural damage have also been obtained in animal\tox-
icology studies using controlled exposures to antimony comnounds.
As for the other tvpes of effects reasonably well associated
with antimony exposures, only very limited data exist regarding
such effects, and they are presently insufficient to allow defini-
tive conclusions to bé drawn regérding important exposure parame-
ters determining their induction in humans. For example, ce:t;in
skin irritation effects, e.g., rashes, have been noted to ocdur
with high 1levels of occupational antimony exposure, especially
under conditions of extreme heat; similar dermal effects have been
reported for at least some patients undergoing therapeutic treat-
ments with systemic injections of antimonials. There does not yet
exist, however, any evidence to suggest that dermal effects would
result from oral ingestion of antimony compounds. In regard to
effects on reproduction, development, and longevity,.the available
evidence linking such effects to antimony is almost entirely Ade-
rived from animal toxicology studies and consists primarily of data
suggesting that: (1) orenatal exposures can interfere with concep-~-
tion, (2) chronic oral exposure via feeding can result in postnatal
retardation of growth as indexed by body weight aqain, and
(3) chronic oral exposure via drinking water can induce alterations

in certain blood chemistry parameters and significantly shorten

(9]
]
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|
}
i
i
|
i
i

survival time or lifespan. Such effects, however, have not vet

|
I
{

been well replicated in other animal studies; onlybvery limited

- |

analogous antimdhy-induced effects on reproduction have yet been
; |
demonstrated to occur in humans. ‘

'

In summary, myocardial effects are among the mo%t serious and
best characterized human health effects that can Epresently be
linked with antimony exposure; as such, setting an ambient water

criterion predicated on protecting the general oublic from anti=-

b

mony-induced myocardial effects is the most desirable course of
action if sufficient information on dose-effect relahionships for
|

myocardial effects exists. Failing that, then, the?verv limited
, |
!

animal toxicology literature on reproduction, develooment,-and lon-

I
i

gevity effects would offer an alternative basis.

'

Dose-Effect/Dose~Response Relationships i

i
+

The previous section summarizes the verv limited information

)
ion of adverse

vresently available regarding a qualitative descript

health effects associated with antimony exposure. = Tdeally, the
- ' !

main objective of the present section would be to prbvide further

i
|
[
)\

information regarding the characterization of dose-effect/dose-

S

response relationshios that hold for the induction of the key

health effects exvected to provide a basis for setting a criterion

)
f
L
i
I
L

for antimony. In regard to the definition of "dose-effect" and
- t

"dose-response" relationshios, Pfitzer (1976) exolains the dis-
| -

. . ' . .
tinction between effect and response in the followlnq terms: "Ef-
|
i
fect is taken to indicate the variable chanae Aue tp a dose in a
|

specific subject; and "response" is the number of inﬂividuals in a

group showing that effect, 1.e., the number of "reactors" showinag a

)
i



specific effect at a particular defined dose level." Unfortunate-
ly, it is virtually impossible to characterize key antimonv-induced
health effects in such quantitative terms Aue to the very limited
data base that presently exists.

For example, data reported for the studies by Brieger, et al.
(1954) suggest an inhalation no-effect level for myocardial effects
as likely being around 0.5 mg/m3. Air concentrations of antimony
trisulfide ranging from 0.58 to 5.5 mg/m> (with most < 3.0 mg/m’)
were associated with the induction of altered ECG patterns and some
deaths attributed to myocardial damage among certain antimony work-
ers (Brieger, et al. 1954). Also, in parallel studies on animals,
Brieger, et al. (1954), observed ECG alterations in rats and rab-
bits at antimony exposures of 3.1 to 5.6 mg/mB, confirming that
antimony per se can specifically produce myocardial effects of the
type observed with the occupational exposures. T'Infortunately for
present purposes, however, no adequate data exist on oral exposures
to antimony compounds which would support reasonable estimates re-
garding 1likely no-effect levels for the induction of myccardial
effects via antimony ingestion. Nor is there sufficient informa-
tion on relative absorption rates following oral or inhalation ex-
posures to antimony to allow for extrapolation of likely dose-
effect relationships for oral exposures from the limited inhalation
exposure data. Consequently, it is presently impossible to recom-
mend a water criterion level based on projected no-effect levels
for myocardial damage.

The TLV for antimony is also inapprovriate as a basis for a

water guality criterion. It is clear from the reoorts used over



the vears by ACGIH for setting an antimony TLV that the value is
arrived at with a minimum of hard data. The reports, on careful
reading, provide little information on the acute effects of anti-
monials by virtue of the fact that the agent{s) are the corrosive
halides to which workers had very short accidental exvosure. for-
dasco (1974) tabulated data on three cases of pulmonary trauma in
workers having industrial accidents involving antimony chloride.
Another report by Taylor (1966) dealt with short exposure of work-
ers to antimony chloride with one air level given for both hydro-
chloric acid and antimony chloride. Antimony trichloride and pen-
tachloride are corrosive compounds which would be exvected to have
effects on the respiratory tract that reflect both hvdrochloric
acid injury as well as the hydrolyzed antimony effect. 0Nne would
not expect any comparability in behavior or effect in man after
oral intake.

In the absence of sufficient information to Aevelop a criteri-
on based on the TLV or known antimony myocardial effects in humans,
the most viable alternative is to focus on animal toxicology stud-
ies demonstrating antimony-induced effects on reproduction, devel-
opment, and longevity. From the animal studies, those pertaining
to prenatal reproductive effects, e.g., Belyaeva (1967) and Casals
(1972), employed inhalation exposures or systemic iniections of
antimony compounds, and their result cannot presently be extrapo-
lated very well to project the likely impact of oral exposures.
Similarly, the few human studies where effects on reproduction were
reported (Belyaeva, 1967; Aiello, 1955) deal with inhalation expo-
sures in occupational settings and cannot now be used to extrapo-

late likely oral exposure no-effect levels.
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Turning to effects on postnatal development and longevity, a

4]

tudv by Gross, et al. (1953a) presents evidence for growth retar-
Zation occurring when rats were chnreonicslly fed diets centaining
—wo percent antimony trioxide, but a no-effect level for growth

retardation cannot be deduced from the results reported. The stud-

[ ]

izs bv Schroeder (Kanisawa and Schroeder, 1869; Schroeder, et a

‘u.—i

1370) centaining data on antimony effects on growth and longevity,
on the other hand, indicate that oral exposure to 5 ppm of antimony
in drinking water had nc effect on the rate of growth of either rats
or mice. The 5 pom exposure lavel, however, was affective in pro-
cucing =ignificant reduct:ons i1n li:fe spans for animals of both
species and altered blocd chemistries for exposed rats. It isg,
therefore, recommended that the 5 ppm exposure level prcducing such
effects be taken as a "lowest observed effect level” (LOEL) in ani-
mals that likely avprox:imates the "no-effect” level for ant:imony
induced effects cn growth and lcngevity. Calculation of an accept-
aple daily inctake (ADI) for man using the value of 5 mg/1l of anti-
mony andé “he uncert2inty factor of 100, 1in view of no nresencly
available nuran epidemiciogical data regarding such effect, would
result in & recommended criterien of 145 uag/l.

5 ma/1l % 25 ml/dav/rat
190 x 0.3 kg/rat

ADI 4,17 ug/kae/day, and

ADT for 70 kg huran = 4.17 x 70 = 292 ue/kag/dav.

ADT
1+ {C.,00635 kg x &)

i
et
D
i~
s
0
o ]

i
.

[S%]

P
=



then
292 ug/kg/day

Criterion =
2 1/day + (0.0065 kg/day x 1.0 1/kq)
= 145 uq/1,
where
100 = uncertainty factor
2 = amount of water ingested, 1l/Aay
0.0065 = amount of fish/shellfish products consumed, kg/day

F = 1.0 Bioconcentration factor
Drinking water contributes 99 percent of the assumed exposure,
while eating contaminated fish oroducts accounts for one vercent.
The criterion level for antimonvy in ambient water can alternatively
be exoressed as 45 mg/l, if exposure is assumed to be from the con-

sumption of fish and shellfish alone.
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