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GUIDELINE VALUE: A maximum acceptable concentration (MAC) of 0.006 mg/L
(6 pg/L) is established for total antimony in drinking water.

EXECUTIVE SUMMARY

This guideline technical document was prepared in collaboration with the
Federal-Provincial-Territorial Committee on Drinking Water.

Exposure

Antimony naturally occurs in the environment in the form of organic and inorganic
compounds. Antimony enters the environment from natural sources and human activities,
with coal combustion, mining and smelting being the most important sources of release
from human activities.

Canadians can be exposed to antimony via food, drinking water, air and consumer
products. Exposure to antimony through environmental media, food and water is
considered as low. Antimony may enter drinking water from plumbing solders in drinking
water distribution systems. Food (including breast milk for infants), beverages and, to a
lesser extent, drinking water are identified as the main contributors for exposure to the
general population.

Canadian data indicate that antimony is not commonly found in drinking water. The
detection frequency for antimony in drinking water is very low and reported levels are
largely below detection limits.
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Health effects

Oral exposure to antimony may induce adverse effects mainly on the gastrointestinal tract
and the liver. Kidney, cardiovascular, metabolic, and developmental adverse effects have
also been reported in the literature. The health-based value (HBV) of 0.003 mg/L (3 pg/L)
was derived based on histopathological changes in the liver and changes in serum
biochemistry observed in animal studies. These effects are indicative of impacts on

the liver.

The overall weight of scientific evidence indicates that antimony and related compounds
are not considered carcinogenic via the oral route of exposure.

Analytical and treatment considerations

The development of a drinking water guideline takes into consideration the ability to both
measure the contaminant and remove it from drinking water supplies. Several analytical
methods are available for measuring antimony concentrations in water well below the
MAC. Measurements should be for total antimony, which includes both the dissolved and
particulate forms of antimony in a water sample.

At the municipal level, treatment technologies that are available to achieve antimony
drinking water concentrations below the MAC include coagulation, adsorption, reverse
osmosis and coagulation followed by ultrafiltration. The performance of these
technologies depends on factors such as antimony species, pH, coagulant type, coagulant
dose and type of adsorbent.

At the residential scale, there are no treatment units currently certified for the removal of
antimony from drinking water Technology that is expected to be effective is reverse
osmosis, and distillation may also be effective. When using such treatment units, it is
important to send samples of water entering and leaving the treatment unit to an
accredited laboratory for analysis to ensure that adequate antimony removal is occurring.
Routine operation and maintenance of treatment units, including replacement of the filter
components, should be conducted according to manufacturer specifications.

It is recommended that water utilities develop a distribution system management plan to
minimize the accumulation and release of co-occurring contaminants, including antimony.
This typically involves minimizing the antimony concentration entering the distribution
system and implementing best practices to maintain stable chemical and biological water
quality conditions throughout the system, as well as to minimize any physical

hydraulic disturbances.
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Application of the guidelines

Specific guidance related to the implementation of drinking water guidelines should be
obtained from the appropriate drinking water authority.

All water utilities should implement a comprehensive, up-to-date risk management water
safety plan. A source-to-tap approach should be taken that ensures water safety is
maintained. This approach requires a system assessment to characterize the source water,
describe the treatment barriers that prevent or reduce contamination; identify the
conditions that can result in contamination; and implement control measures. Operational
monitoring is then established and operational/management protocols are instituted (for
example, standard operating procedures, corrective actions and incident responses).
Compliance monitoring is determined and other protocols to validate the water safety
plan are implemented (for example, record keeping and consumer satisfaction). Operator
training is also required to ensure the effectiveness of the water safety plan at all times.

The guidelines are protective against health effects from exposure to antimony in drinking
water over a lifetime. Any exceedance of the MAC should be investigated and followed by
the appropriate corrective actions, if required. For exceedances in source water where
there is no treatment in place, additional monitoring to confirm the exceedance should be
conducted. If it is confirmed that antimony concentrations in the water source are above
the MAC, then an investigation to determine the most appropriate way to reduce exposure
to antimony should be conducted. This may include use of an alternate water supply or
installation of an antimony treatment system. Where treatment is already in place and an
exceedance occurs, an investigation should be conducted to verify treatment and to
determine whether adjustments are needed to lower the treated water concentration
below the MAC.

Discolouration (coloured water) episodes are likely to be accompanied by the release of
accumulated contaminants, including antimony, because dissolved antimony can adsorb
onto deposits in the distribution and plumbing systems. Therefore, discoloured water
events should not be considered only an aesthetic issue; they should trigger sampling for
metals and possibly distribution system maintenance.
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1.0 EXPOSURE
CONSIDERATIONS

1.1  Sources, uses and identity

Elemental antimony (Sb) is a group 15 metalloid, which has two stable isotopes (¥Sb and
12Sb) and two allotropic forms: the stable metallic form and the amorphous black form.
Metallic antimony is an insoluble, silvery white, brittle crystalline solid with poor electrical
and heat conductivity properties (Reimann et al, 2010; Anderson, 2012; Tylenda et al, 2015,
Multani et al, 2016; Hammond and Lide, 2019).

Elemental antimony rarely occurs free in the environment but rather occurs in the form
of either organic or inorganic compounds. Over 200 inorganic compounds of antimony
exist in the environment, with stibnite being the most abundant followed by the oxides
of antimony and the antimonides of heavy metals, with arsenic (As - another group

15 element) being predominant (Andrewes and Cullen, 2003; McCallum, 2005; Reimann et
al,, 2010; Tylenda et al, 2015).

Antimony occurs in four oxidation states (-3, 0, +3, and +5) with the trivalent [Sb(lll)] and the
pentavalent [Sb(V)] forms being the most environmentally prevalent and toxicologically
relevant species (DFG, 2007 Filella et al, 2009). The physical/chemical properties of select
antimony compounds are presented in Table 1.
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Table 1: Physical/chemical properties of elemental antimony and select antimony
compounds. Data as reported by ATSDR (2019) and Environment and Climate Change
Canada (ECCC) and Health Canada (2020)

. . . Antimony Sodium
Property Antimony Antimony Antimony potassium hexahydroxy-
(elemental) trioxide pentoxide — -
CAS# 7440-36-0 1309-64-4 1314-60-9 28300-74-5 33908-66-6
Molecular
formula Sb Sb, O, Sb,0, C,H,K,0,,5b,3H,0 NaSb(OH),
Molgcular 3235
weight 121.75 291.50 (anhvdrous) 33393 24679
(g/mol) y
sovl\l/,lal;iel‘irt Insoluble Slightly Very slightly 8.3 x 10 (highly 594 (moderately
Y soluble soluble soluble) soluble)
(mg/L)
Vapour
pressure 1at 886 °C 1at 574 °C N/A N/A N/A
(mm Hg)

N/A - Not available.

1.2 Environmental fate

Antimony enters the environment from natural sources such as windblown dust,
weathering of mineral rocks (predominantly sulphides and sulphosalts) and volcanic ash.

It can also enter the environment through anthropogenic activities, with coal combustion,
mining and smelting being the most important. Antimony is also emitted in areas of high
motor vehicle traffic (for example, abrasion of tires and brake linings). Other anthropogenic
sources include fire retardants, shooting ranges (in military sites), pharmaceuticals and
pesticides (Andrewes and Cullen, 2003; Filella et al, 2009; Environment Canada and Health
Canada, 2010; Belzile et al, 2011; Multani et al, 2016; Herath et al, 2017). Antimony may enter
drinking water from plumbing solders in drinking water distribution systems; however, this
is not a significant source (WHO, 2003).

In general, the emission of inorganic antimony compounds, more specifically antimony
trioxide (also known as diantimony trioxide [ATO]; CAS RN 1309-64-4), represents the major
source of environmental antimony in industrial regions (Oorts et al, 2008; Filella et al,
2009). According to the Canadian National Pollutant Release Inventory (NPRI), in 2017,
antimony compounds released to the environment totalled approximately 5.4 tonnes
(NPRI, 2017).
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Once in the environment, antimony undergoes redox transformations, with both the Sb(lll)
and the Sb(V) forms interconverting between one another to subsequently form a variety
of dissolved antimony species. Both Sb(lll) and Sb(V) ions readily hydrolyze, forming
dissolved hydroxides in the Sb(lll) and Sb(V) states, such as antimonite [Sb(OH)3] and the
antimonate anion [Sb(OH)6- oxyanion], respectively (Oorts et al, 2008; Okkenhaug et al,
2012; llgen et al, 2014 Hockmann et al., 2015).

Antimony in the particulate form is mobile and easily transported in the air, favouring wet
deposition (Belzile et al, 2011). Once in the soil and water, the fate of antimony is driven by
precipitation and adsorption to metal oxyhydroxides. Antimony can be immobilized in soil
and water by complexation with alkaline (for example, calcium and magnesium), alkali (for
example, sodium and potassium), and heavy (iron and manganese being the most
important) metals, forming highly stable secondary minerals such as calcium antimonates.
Natural/synthetic amorphous iron and manganese (oxyhydr)oxides are known for
enhancing the oxidation of Sb(lll) to Sb(V) (the most stable species) (Ettler et al, 2007,
Oorts et al, 2008; Filella et al,, 2009; Reimann et al,, 2010; Okkenhaug et al,, 2012; llgen et al,
2014; Cai et al,, 2015; Hockmann et al,, 2015; Herath et al,, 2017). Fate studies have shown that,
due to its highest sorption capacity, antimonite predominates in the soil matrix,
specifically the topsoil.

Most of the dissolved antimony (pentavalent) that might be discharged to natural waters
would rapidly precipitate as antimony trioxide or antimony pentoxide and be removed by
sedimentation (McKee and Wolf, 1963). In natural water sources, the antimonate anion is
more mobile and is the most prevalent form of antimony under aerobic conditions
(ATSDR, 2019). In drinking water, the prevalence of Sb(V) can be explained by the oxidizing
nature of the treatment processes generally applied (for example, chlorination or
ozonation) which oxidize Sb(lll) to Sb(V), and by the types of plumbing solder and pipes in
the distribution systems. Despite all of the above, some evidence supports that both
species can coexist in the same oxygen-dependent environment as they interconvert
between one another (Andrewes and Cullen, 2003; Leuz et al, 2006; Ettler et al., 2007
Oorts et al, 2008; Filella et al, 2009; Reimann et al,, 2010; Belzile et al,, 2011; Okkenhaug et
al, 2012; Skeaff et al,, 2013; llgen et al,, 2014; Cai et al,, 2015, Hockmann et al,, 2015; Herath et
al, 2017).

Elemental antimony is mainly used in the manufacture of alloys and certain types of
semi-conductors such as infrared detectors and diodes (Multani et al, 2016; Hammond and
Lide, 2019). Antimony alloys and many inorganic antimony compounds are widely used in
the manufacture of lead-acid batteries, electrical equipment, anti-friction materials, flame
retardants, paints, type metal in printing presses, art glass and ceramics, plastics and
pottery, ammunition and fireworks, plumbing solder and pipes, transportation vehicles,
and lubricants (Hjortenkrans et al,, 2007; Tylenda et al,, 2015; Multani et al,, 2016; Hammond
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and Lide, 2019). Antimony organic compounds are widely used as therapeutics for some
parasitic diseases including visceral, mucosal, and cutaneous leishmaniasis,
schistosomiasis, trypanosomiasis and ulcerative granuloma (Health Canada, 1997; DFG,
2007; Tylenda et al,, 2015; Multani et al,, 2016; NTP, 2018; ECCC and Health Canada, 2020).
Despite its past uses, in Canada, antimony is prohibited in cosmetics and is not used as an
active ingredient in pesticides (ECCC and Health Canada, 2020).

Canadian production of antimony is minimal, significantly decreasing over time from a 2013
estimate of 148 tonnes (about 0.1% of the global production) to 1 tonne in 2015, with no
production anticipated after 2016 (ECCC and Health Canada, 2020). Estimated global
production of the metalloid in 2020 was 153 000 tonnes, down from 162 000 tonnes in 2019,
with China being the largest producer (U.S. GS, 2020).

Antimony trioxide is the most significant commercial antimony compound accounting for
over 80% of global antimony use (2005 production estimate was 120 000 tonnes)
(Environment Canada and Health Canada, 2010; ECCC and Health Canada, 2020). One to

10 million kg of the compound was manufactured in Canada in 2006 with importation
above 1.8 million kg and average use around 3 million reported by Canadian companies
the same year (Environment Canada and Health Canada, 2010). In Canada, antimony
trioxide is primarily used in combination with other compounds to provide flame retardant
properties. Globally, flame-retardants are expected to remain the main consumption
product of antimony (U.S. CS, 2016).

Antimony compounds are not allowed as food additives in Canada. Antimony oxide is
used in the manufacture of polyethylene terephthalate (PET) which is used in various food
packaging applications (Environment Canada and Health Canada, 2010; CFIA, 2016; ECCC
and Health Canada, 2020).

1.3 Exposure

Canadians can be exposed to antimony via food, drinking water, air and consumer
products. Exposure to antimony trioxide and antimony containing substances (11 inorganic
compounds) has been assessed previously (Environment Canada and Health Canada, 2010;
ECCC and Health Canada, 2020); this section builds on those exposure assessments.
Exposure to antimony through environmental media, food and water is expected to be
low, with average daily intakes of total antimony estimated at 0.019-0.057 pg/kg body
weight (bw) per day and the highest intake (i.e, 0.27 ug/kg bw per day) estimated in infants
aged up to 6 months. Food (including breast milk and beverages; range 68%-80%) and, to a
lesser extent, drinking water (range 17%-29%) have been identified as the main
contributors for exposure (ECCC and Health Canada, 2020). Based on these estimated daily
intakes, a source allocation factor of 30% is considered appropriate for drinking water.

CANADIAN DRINKING WATER QUALITY Tm

ANTIMONY



Water: Water monitoring data from the provinces (municipal and non-municipal supplies)
were obtained and included data for raw water, treated water and water from distribution
systems. Where indicated, data were separated into groundwater and surface water
sources. When the source type could not be discerned, it was classified as ground and/or
surface water. Samples were divided into raw, treated and distribution water, and when not
indicated or not possible to determine, samples were classified as unspecified. Total
antimony concentrations were also obtained from the First Nations and Inuit Health
Branch (FNIHB) (Indigenous Services Canada, 2019) and the National Drinking Water Survey
(Health Canada, 2017). The exposure data provided reflect different detection limits of
accredited laboratories used within and amongst the jurisdictions, as well as their
respective monitoring programs. As a result, the statistical analysis of exposure data
provides only a limited picture.

Overall, within all three datasets, the detection frequency was very low, indicating that a
large number of the samples had antimony concentrations below the detection limit. For
this reason, the mean, median and lower percentiles were not calculated. The range of
detection limits, number of detects, number of samples, 90" percentile antimony
concentration and maximum antimony concentration are presented in Table 2 for the
provincial and FNIHB data and in Table 3 for the National Drinking Water Survey. When the
per cent detection is less than 10%, the 90 percentile is presented as below the detection
limit (DL). Ambient antimony datasets were obtained from Environment and Climate
Change Canada’s (ECCC) surface water monitoring (ECCC, 2017) and select groundwater
monitoring studies supplied by some provinces (Appendix C). Overall, for total antimony,
these datasets show that:
» Most of the maximum antimony concentrations from provincial drinking water data
were low. In cases with higher maximum values, the 90 percentile is either below
the detection limit or below 1.5 pg/L.

» The National Drinking Water Survey of Canada had maximum antimony
concentrations below 1.0 pg/L during the summer months but had some higher
concentrations in the raw and treated lake water during the winter months. There
were negligible differences between raw, treated and distribution system waters.

» The ECCC surface water monitoring dataset had low 90" percentiles (< 0.5pg/L) for
each basin.

» Groundwater monitoring studies, which are ambient studies and not representative
of sources for drinking water, showed higher antimony levels that reflect the
respective groundwater system.
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Table 2: Occurrence of total antimony in Canadian drinking water

Total antimony (ug/L)

Jurisdiction Svstem # %
(Detection Limit y Water Type Detects / y 90t
/1) type L Detect MR
Hg SaIapies percentile
Ground - Raw 2/4] 49 <DL 05
Ground - Treated 0/58 0 <DL <DL
Publicand | Ground - Distribution 4/185 22 <DL 12
semi-
Atlantic — FNIHB public Surface - Raw 0/9 0 NC <DL
(0.1-1.0)
[2013-2018]" Surface - Treated 0/19 0 <DL <DL
Surface - Distribution 0/27 0 <DL <DL
Private Ground - Raw 0/1 0 NC <DL
wells and
systems Ground - Distribution 10/95 10.5 0.5 19
Ground - Raw 87/280 311 1.00 15.0
Ground - Treated 2/21 95 <DL 0.50
Ground - Distribution 54/257 21.0 1.00 2.00
Ground - Unspecified 99/256 387 0.05 1.28
Surface - Raw 10/56 179 0.65 3.00
Surface - Treated 2/2 100 NC 0.05
British Surface - Distribution 11/30 367 1.00 2.00
Columbia? Municipal
(0.1-1) P Surface - Unspecified 1/24 4.2 <DL 0.25
[2014-2019]
Cieue & 17/39 36 100 146
or Surface-Raw
Ground &/
or Surface-Treated 6/9 e 12 250
Ground &/
or Surface-Distribution 95/240 Fe 050 .50
Gl &yier Sures 40/134 299 0.50 195
- Unspecified
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Total antimony (pg/L)

Jurisdiction # %
(Detectl;):; Limit Water Type Detects / Detect 90t Maximum
Hg SIS percentile
Ground - Raw 58/775 75 0.20 099
Ground -Treated 65/1141 57 <DL 1.08
Ground -Distribution 6/88 6.8 <DL 092
Surface - Raw 131/578 227 0.36 1.65
Manitoba® Surface - Treated 94/618 152 0.27 1.69
(0.2-2) Municipal | Surface - Distribution 22/74 297 0.40 0.58
[2009-2018]
Ground &/ 30/174 17.2 0.25 05
or Surface-Raw
Ground &/
or Surface-Treated 27/205 13.2 0.23 0.58
Ground &/
or Surface-Distribution 6/29 207 0.25 0.42
Ground - Raw 26/164 159 0.5 1.5
Ground - Treated 19/155 12.3 0.5 09
Public ?nd Ground - Distribution 2/29 69 <DL 0.2
semi-
public Surface - Raw 31/239 13.0 0.5 1.7
Manitoba
— FNIHB' Surface - Treated 20/241 8.3 <DL 0.7
(0.1-1.0) Surface - Distribution 0/4 0 NC <DL
[2013-2018]
Ground - Raw 1/12 83 <DL 0.2
Private Ground - Distribution 0/13 0 <DL <DL
wells and
systems Surface - Raw 4/7 571 NC 0.2
Surface - Treated 3/7 429 NC 0.3
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Total antimony (pg/L)

Jurisdiction # %
(Detectl;»:; Limit Water Type Detects / Detect 90t Maximum
Hg Satnpies percentile
Ground - Raw 72/1053 6.8 <DL 6.3
Ground - Treated 5/74 6.8 <DL 0.5
Ground - Distribution 10/504 20 <DL 0.5
Surface - Raw 3/99 3.0 <DL 0.1
New Brunswick Surface - Distribution 9/298 30 <DL 0.2
(0.1-2) Municipal
[2013-2018] Ground &/ 6/91 6.6 <DL 03
or Surface-Raw
Ground &/
or Surface-Treated 25/268 23 <DL 49
Ground &/
or Surface-Distribution 7/188 37 <DL 03
Ground - Raw 0/99 0 <DL <DL
Newfoundland® Ground - Distribution 37/1216 30 <DL 45
(0.5-1) Municipal
[2015-2017] Surface - Raw 0/627 0 <DL <DL
Surface - Distribution 1/3 225 0.03 <DL 0.7
Ground - Raw 0/388° 0 <DL <DL
Nova Scotia® Ground - Treated 2/3882 05 <DL 26
(1-2) Municipal
[2014-2019] Surface - Raw 0/400° 0 <DL <DL
Surface - Treated 1/400P 03 <DL 5.0
G;f“”d &forsurface |\ g3 | 100 0.80 40
- Raw
Ontario’
(0.08) Ml g&ffi’;‘e’ 8}1 o ‘ 3%2/ ] 100 0.80 1
[2014-2018]
Ground &/or 1367/1
Surface -Distribution 367 e i 22
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Jurisdiction # Total antimony (pg/L)

. . . %
(Detectl;):; Limit Water Type Detects / Detect 90t Maximum
Hg SIS percentile
Ground Raw 0/22 0 <DL <DL
Ground Treated 1/236 0.4 <DL 0.5
Publicand | Ground - Distribution 13/1 n7 03 23
semi-
public Surface - Raw 0/60 0 <DL <DL
Ontazrio - FTIHB‘ Surface - Treated 2/377 0.5 <DL 0.6
01-0.6
[2013-2018] Surface - Distribution 0/34 0] <DL <DL
Ground - Raw 0/1 0 NC <DL
Private Ground - Treated 0/4 0 NC <DL
wells and
systems Ground - Distribution 0/53 0 <DL <DL
Surface - Treated 0/5 0 NC <DL
Prince Edward Non- 0/sample
Island?® municioal Ground - Raw size not 0 <DL <DL
(1.00) P given
Quebec® Ground - Distribution 3;84)6 5 <DL 7
(0.02-6) Municipal
[2013-2019] Surface - Distribution 109/2 223 5 <DL 6
Ground - Raw 3/50 6.0 <DL 2.6
Surface - Raw 6/61 9.8 <DL 0.8
Saskatchewan' y
(0.1-1) Municipal | Ground &/or
[2014-2018] Surface -Treated Y 28 s o
Ground &/or
Surface -Distribution 55/607 = <L L

DL - detection limit; < DL — below detection limit (for maximum with 0% detects; for 90t percentile with <10% detects); FNIHB - First
Nations and Inuit Health Branch; NC - not calculated due to insufficient sample size; Unspecified — not specified whether raw, treated or
distribution water.

' Indigenous Services Canada (2019).

2 British Columbia Ministry of Health (2019).

3 Manitoba Sustainable Development (2019).

“ New Brunswick Department of Environment and Local Government (2019).

> Newfoundland and Labrador Department of Municipal Affairs and Environment (2019).
¢ Nova Scotia Environment (2019).

7 Ontario Ministry of the Environment, Conservation and Parks (2019).

8 PEl Department of Communities, Land, and Environment (2019).

? Ministére du Développement durable, de 'Environnement et de la Lutte contre les changements climatiques du Québec (2019).
10 Saskatchewan Water Security Agency (2019).

2 Total groundwater samples for raw and treated.

b Total surface water samples for raw and treated.
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Table 3: Summary of total antimony concentrations from the National Drinking Water
Survey (2009-2010)

Summer (pg/L)a Winter (pg/L)a
Water Type Detects/ % Detect Detects/ % Detect
Samples Samples

Well - raw 1/18 5.6 090 117 59 0.60
Well - treated 117 59 0.50 0/16 0 <DL
Well — distribution 118 5.6 0.80 1/9 N1 0.50
Lake — raw 3/21 14 0.50 4/20 20 9.40
Lake — treated 1/21 48 0.50 3/20 15 9.00
Lake — distribution 1/21 48 0.80 0/10 0 <DL
River — raw 1/26 38 0.80 2/22 91 0.80
River — treated 2/26 77 0.60 1/22 4.5 0.60
River — distribution 1/26 38 0.50 1/12 83 0.60

DL - detection limit; < DL - below detection limit (for maximum with 0% detects; for 90t percentile with < 10% detects).
Source: Health Canada, 2017

» Method detection limit = 0.5 ug/L; samples were analyzed using hot acid digestion; due to low % detect, 90" percentile in all cases is
below the method detection limit.

A report for Quebec distribution system sampling showed two systems with antimony
concentrations exceeding 6 pg/L between 2013 and 2017. The maximum antimony
concentration reported was 7 pg/L (Ministéere de l'Environnement et de la Lutte contre les
changements climatiques, 2020).

Additionally, US data were examined and a sampling campaign of 1172 private wells in
North Carolina showed antimony concentrations below 0.1 ug/L in 74.5% of first draw
samples and 91.4% of 5-minute flush samples. The 90t percentiles were 0.3 pg/L and
0.1 yg/L in first draw samples and 5-minute flush samples, respectively (Pieper, 2021).

Food: Antimony is absorbed by the roots of vegetables and other crops grown on
antimony-containing soils (WHO, 2003). Estimates of dietary exposure to total antimony
for the general Canadian population were generated by Health Canada’s Food Directorate
and are based on over 40 000 analytical results from 19 surveys conducted by the
Canadian Food Inspection Agency (CFIA). Total antimony has been measured in a variety of
food items (including cereals, dairy products, fruits and vegetables, meat and seafood, and
beverages) with most (87%) of the results exhibiting levels below the limits of detection
(i.e, 0.0001 to 0.01 pg/g) (CFIA, 2016; ECCC and Health Canada, 2020). Similar average

levels were observed (0.001-0.002 pg/g) for total antimony in foods and beverages in the
2016-2018 Canadian Total Diet Study (Health Canada, 2020). A level of 0.002 pg/g has been
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reported for total antimony in breast milk, representing an arithmetic mean of
concentrations from the scientific literature in the absence of data for human milk in
Canada (ECCC and Health Canada, 2020).

Dietary exposure to total antimony is expected to be low, with average daily intakes

of total antimony estimated at 0.013 to 0.130 pg/kg bw per day and the highest intake

(i.e, 0.26 pg/kg per day) estimated in infants aged up to 6 months (95" percentile exposure
0.023 to 0.27 ug/kg bw per day). Median and 95" percentile exposure estimates to
antimony for exclusively breast-fed infants under 6 months were 0.259 and 0.306 pg/kg bw
per day, respectively, as determined from scientific literature in the absence of Canadian
occurrence data (ECCC and Health Canada, 2020). Orange juice, milk, and breakfast cereals
were the main contributors to total dietary exposure for total antimony in adults aged 19
or above, accounting for approximately 16%, 12%, and 9%, respectively. Total dietary
exposure for total antimony in children aged 1to 3 years was influenced by consumption
of milk (26%), apple juice (19%), and orange juice (14%) among foods in the diet (ECCC and
Health Canada, 2020).

Other than environmental sources, PET food packaging materials, such as trays and
bottles, may also contribute to antimony in food and in bottled water because antimony-
related catalysts are used in the manufacture of PET resins (Filella et al, 2009; Filella, 2020).
Low parts per billion levels (ppb) of total antimony were reported in water packaged in
PET bottles with levels rarely exceeding drinking water regulatory levels (Shotyk et al,
2006; Westerhoff et al,, 2008; Carneado et al,, 2015; Filella, 2020). None of the packaged
food (i.e., domestic and imported beverages, nut and seed butters, condiments, frozen/
shelf-stable heat-and-serve meals, and processed fruits and vegetable products) samples
from the 2012-2014 CFIA survey had detectable levels of antimony (CFIA, 2016; ECCC and
Health Canada, 2020). In Canada, the contribution of food packaging to the overall dietary
exposure to antimony is considered negligible.

Consumer products: Canadians can potentially be exposed to antimony (specifically ATO)
from its use in consumer products either as a polymerization catalyst, a pigment or flame
retardant. The concentration of antimony compounds in a given product depends on the
polymer and the intended use of the finished product. Antimony is usually in the range of
2% to 5% in polymers (Environment Canada and Health Canada, 2010; ECCC and Health
Canada, 2020). Investigations have shown that children are expected to have the greatest
exposure from direct skin contact (for example, from carpets while crawling), mouthing of
toys and other products, and potential inhalation of dusts containing antimony (NTP, 2018;
ECCC and Health Canada, 2020).
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Air: Canadians can be exposed to antimony through the air via fine particulate matter
(PM, ), which can penetrate deep into the lungs. Air antimony levels are generally higher
in urban areas. Little is known about the chemical form(s) of antimony in air (ECCC and
Health Canada, 2020). Rural atmospheric aerosol levels of antimony ranging from

0.04 ng/m? in Quebec to 2.17 ng/m? in Nova Scotia have been reported (Hopper and
Barrie, 1988). Furthermore, outdoor exposure is higher than indoor exposure from
household products (for example, fabrics, carpets and paints). In Windsor, Ontario, a
concentration of 1.9 ng/m? (n = 447) was estimated for the 95* percentile of antimony

in PM, . in Canadian outdoor air (Rasmussen, 2016), increasing from a 95" percentile of
0.7 ng/m? (n = 910) previously reported by the National Air Pollution Surveillance in 2011,
A lower 95 percentile of 0.7 ng/m? was estimated for PM, . in Canadian indoor air during
the same period (Rasmussen, 2016). A median level up to 8.5 mg/kg was reported in dust
(95t percentile of 32 mg/kg) from a Canadian house dust study in 2010, and levels even
higher, up to 63 mg/kg, were reported in locations close to smelters in 2016 (ECCC and
Health Canada, 2020).

Soil: Environmental exposure to antimony from the soil varies as a reflection of the
mineralogy of the bedrock and proximity to human sources. Total antimony levels ranging
from O to 8 mg/kg were measured in soils from some Canadian provinces (i.e,, Ontario,
Alberta and British Columbia) (ECCC and Health Canada, 2020).

Canadian biomonitoring data: Total antimony was measured in the urine of Canadians
aged 6-79 years and 3-79 years in cycle 1 (2007-2009) and 2 (2009-2011), respectively, in the
Canadian Health Measures Survey. Urinary median levels up to 0.045 pg/L (95t percentile
up to 0.19 pg/L) and 0.048 pg/L (95" percentile up to 0.22 ug/L) were reported for cycle

1 and 2, respectively. In general, the measured antimony levels were slightly higher in
teenagers (12-19 years old) and tended to be slightly higher in men as compared to women
(Health Canada, 2013).
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2.0 HEALTH
CONSIDERATIONS

21 Kinetics

Absorption: Gastrointestinal (Gl) absorption of antimony has been shown in humans and
several animal species (Environment Canada and Health Canada, 2010; Borborema et al,
2013). The current scientific literature indicates Gl absorption of antimony is low and
dependant on the solubility and chemical form (oxidation state) (WHO, 2003; OEHHA 2016;
ATSDR, 2019). Gl absorption of the relatively insoluble ATO in humans is reported as
approximately 1% (EU, 2008). From acute intoxication (poisoning) data for four individuals
exposed to antimony potassium tartrate (APT), a highly water-soluble form of antimony, 5%
absorption was reported (Iffland and Bosche, 1987; Lauwers et al,, 1990). Quantitative
information on the absorption of antimony is not available for all forms of antimony.

The International Commission on Radiological Protection recommends the use of a 10%
absorption factor for the dietary intake of antimony and, due to variability in the
absorption data available, an absorption of 5% is recommended for situations where
specific information is not available (ICRP, 1981, 1995, 2017). Data on the dermal absorption of
antimony are limited. The low water/lipid solubilities of antimony and its compounds
suggest that dermal exposure is not a significant route of exposure (OEHHA, 2016). In a
study by Roper and Stupart (2006), skin samples from the abdomen (1 sample) and breast
(5 samples) of women were exposed in vitro to 100 pg/cm? and 300 pg/cm? of diantimony
trioxide resulting in total estimated dermal absorptions of 0.26% and 0.14%, respectively,
after a 24-hour exposure period.

Distribution: Ingested antimony, once absorbed, is distributed mainly to the liver, spleen
and bone and, to a lesser extent, the gall bladder, kidneys, nails, ovaries, testes, thyroid,
and hair (DFG, 2007; Tylenda et al,, 2015; Kip et al,, 2017; Sztajnkrycer, 2017). Studies in
humans (Gerhardsson et al, 1982, 1988; Kip et al,, 2017), rhesus monkeys (Friedrich et al,
2012), and rats (Poon et al,, 1998; Coelho et al, 2014b) using radioactively labelled (Sb'?)
sodium antimony mercapto-succinate, meglumine antimoniate and APT, respectively,
indicate that accumulation is dose-dependent. A study by Sunagawa (1981) in rats found
that exposure to metallic antimony resulted in similar antimony concentrations in the liver
and blood; however, exposure to antimony trioxide resulted in a 10-fold higher antimony
concentration in the blood compared to the liver. The distribution of the different
oxidation states (for example, +3, +5) following oral exposure to antimony is not known
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(ECCC and Health Canada, 2020). In the blood, pentavalent antimony is primarily found in
the serum (Felicetti et al,, 1974; Edel et al,, 1983; Ribeiro et al,, 2010) and trivalent antimony is
primarily found in the hemoglobin fraction of red blood cells (Lippincott et al, 1947; Edel et
al, 1983; Newton et al, 1994; Poon et al,, 1998; Kobayashi and Ogra, 2009). However, both
trivalent and pentavalent antimony have been shown to enter red blood cells (Quiroz et
al, 2013; Lopez et al,, 2015; Barrera et al,, 2016). In vitro studies have found that pentavalent
antimony can enter erythrocytes via protein channels (Quiroz et al, 2013; Barrera et

al., 2016).

Trans-placental and mammary gland (via maternal milk) transfers of antimony have been
reported in humans and animals (Miranda et al, 2006; Coelho et al, 2014b; NTP, 2018; Li et
al, 2019).

Metabolism: In vitro evidence of the metabolism of ingested antimony in mammals shows
intracellular interconversion between both the Sb(lll) and Sb(V) valence states (NTP, 2018).
For ingested antimony, there is a reduction of Sb(V) into Sb(lll) which is dose-dependent
and promoted by acidic pH and elevated temperature (25°C-37°C) (Frezard et al,, 2001; DFG,
2007; NTP, 2018). This reduction is followed by the conjugation of Sb(lll) with reduced
glutathione (GSH), and the subsequent enterohepatic recycling of the Sb(lll)-CSH complex
(Bailly et al, 1991; DFG, 2007).

There is no convincing evidence for methylation of antimony in mammals, although
methylated forms of antimony have been reported in the environment (Filella and
Williams, 2010; Herath et al,, 2017; Sztajnkrycer, 2017).

Elimination: Ingested antimony is primarily excreted through the feces and, to a lesser
extent, the urine (Environment Canada and Health Canada, 2010; Borborema et al., 2013;
OEHHA, 2016). Sb(V) is preferentially excreted in the urine, whereas Sb(lll) is excreted in the
feces (Friedrich et al, 2012; Sztajnkrycer, 2017). Evidence from human pharmacokinetic
studies indicates that the pharmacokinetics of antimony is age-dependent with young
children eliminating more of the chemical than adults (Cruz et al,, 2007). In patients
treated with meglumine antimoniate (5 mg Sb/kg bw per day by intramuscular injection)
for 30 days, half-lives for elimination were reported to range from 24-72 hours for the rapid
excretion phase and a half-life of > 50 days for the slow elimination phase (Miekeley et

al,, 2002).
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2.2 Health effects

The information on the toxicity of ingested antimony and its compounds has been
described elsewhere in more detail (OEHHA, 2016; NTP, 2018; ATSDR, 2019). This assessment
focuses on oral exposure data which are most relevant for exposure from drinking water.
According to the available data, oral exposure to antimony may induce adverse effects
mainly on the Gl tract (for example, abdominal pain, nausea, vomiting, and diarrhea) and
the liver. Kidney, cardiovascular, metabolic (for example, decreased serum glucose levels),
and developmental adverse effects have also been reported (Lauwers et al,, 1990; Hepburn
et al,, 1993: WHO, 2003; Alvarez et al,, 2005; OEHHA, 2016; Scinicariello and Buser, 2016;
Sztajnkrycer, 2017, NTP, 2018; ATSDR, 2019).

2.2.1. Health effects in humans

There are limited data on the toxicological effects of antimony in humans. The majority
of the human data in the literature come from the reported side effects observed during
therapeutic applications of antimony-based drugs (antimonials). Side effects observed
following therapeutic-level doses include Gl tract distress, cardiotoxicity, pancreatitis,
hepatotoxicity, and nephrotoxicity (Hepburn et al, 1994; Oliveira et al,, 2009, 2011; Mlika et
al, 2012; Wise et al, 2012). Although these studies provide useful insight into the potential
effects following antimony exposure, the relevance of these reported effects following
environmental exposures is uncertain due to the poor absorption of

antimony compounds.

Hepatotoxicity: In humans exposed to antimony for the treatment of leishmaniasis

(a parasitic disease), hepatocellular damage and impaired liver metabolism has been
demonstrated (OEHHA, 2016). Patients treated for cutaneous leishmaniasis have been
shown to have alterations in liver enzymes such as alanine aminotransferase and
glutathione S-transferase Bl, which indicate potential liver damage and impairment of liver
metabolism (Hepburn et al, 1993, 1994; Andersen et al,, 2005; Oliveira et al, 201). In the
treatment of visceral leishmaniasis, impaired peroxisomal function, hepatitis, and hepatic
failure were observed in patients (Gupta et al, 2009; Oliveira et al, 2009). Patients treated
for mucosal leishmaniasis also showed increased liver enzymes (Franke et al,, 1990; Saenz
et al, 1991).
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Gastrointestinal effects: Antimony has long been known for its emetic properties (ATSDR,
2019). Although rarely reported, some cases of poisoning have occurred after accidental
ingestion of beverages or food contaminated with antimony. The most frequently reported
effects from ingested antimony poisoning include Gl disturbances (for example, abdominal
pain, nausea, vomiting, and diarrhea). Exposure to levels between 0.4 mg and 0.9 mg Sb/kg
bw has been reported to induce vomiting in adults (Lauwers et al, 1990; Health Canada,
1997; Cooper and Harrison, 2009; Sundar and Chakravarty, 2010; Tylenda et al,, 2015;
Sztajnkrycer, 2017; NTP, 2018).

Reproductive and developmental effects: Data from retrospective and prospective studies
in pregnant women treated for visceral leishmaniasis with therapeutic doses of antimony
(i.e., 20 mg/kg sodium stibogluconate, intramuscular route, once daily for 30 days) suggest
an association between antimony and developmental toxicity (i.e, spontaneous abortions)
(Mueller et al, 2006; Adam et al,, 2009). Moreover, this effect appears to be specific to the
first (Mueller et al, 2006; Adam et al,, 2009; Forns et al,, 2014) and possibly second
trimesters of pregnancy (Mueller et al, 2006). As previously mentioned, given the poor
absorption of antimony compounds, the relevance of such effects following
environmental exposures is uncertain. A recent study investigated the impact of a mixture
of metals on fetal size during mid-pregnancy in a largely Hispanic cohort in Los Angeles
(Howe et al,, 2021). The authors found an association between urinary antimony (as a
component of a mixture of urinary metals including total arsenic, barium, cadmium,
mercury, molybdenum, tin, cobalt, nickel and thallium) and reduced fetal weight. It was
concluded that the analysis identified antimony as a potential element of concern due to
its inverse association with fetal size and that more investigation of antimony exposure
within this specific study population is required. A later study by Howe et al. (2022)
conducted an environmental mixture analysis of metal impacts on fetal growth. This study
pooled data from three geographically and demographically diverse cohorts (the Maternal
and Developmental Risks from Environmental and Social Stressors, the New Hampshire
Birth Cohort Study and the Puerto Rico Test site for Exploring Contamination Threats)
participating in the Environmental Influences on Child Health OQutcomes program in

the U.S. Seven metals (including antimony) were measured in maternal urine samples of
1002 participants collected during pregnancy (median: 16.0 weeks gestation). An inverse
relationship between increasing urinary antimony and birth weight for gestational age was
observed for the pooled analysis and across the three individual cohorts in both males
and females. The authors indicated that, among other study limitations, several additional
metals which may also impact fetal growth (for example, arsenic, manganese and lead)
were excluded from the analysis because urine is not a suitable matrix or because the
metal was not measured in all three cohorts. These metals could have influenced the
observed associations.
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Liu et al. (2022) evaluated the association between exposure during pregnancy to
multiple metals (including antimony) and neurodevelopment in children aged two

to three years of age. Serum antimony levels in pregnant women were 2.27 ug/L

(50t percentile). The authors reported that antimony was found to be negatively
correlated with the language and social behaviour developmental quotient for infants.
According to the authors, important confounding factors not considered in the study
include education and genetic factors, which may have biased the results. Another
important limitation of the study is that only single measurements of metals were used
to evaluate impacts on child neurodevelopment, which can lead to

exposure misclassification.

To assess the relationship between prenatal blood levels of metals and spontaneous
abortion (SA) risk, Vigeh et al. (2021) compared blood concentrations of some heavy
metals in samples taken from apparently healthy mothers recruited in the Tehran
Environment and Neurodevelopmental Defects (TEND) study who subsequently
experienced SA with those from mothers whose pregnancy ended in live births. During
early gestation, 206 women were enrolled and followed until fetal abortion or successful
deliveries occurred. The mean blood levels of lead, antimony, and nickel were higher in
SA mothers than mothers with ongoing pregnancy; however, the difference was not
statistically significant. When adjusted for covariates, a significant association between
maternal age and the risk of SA in all regression models was observed. Only antimony had
a noticeable positive relation with the risk of SA (odds ratio: 1.65, 95% confidence interval:
1.08-2.52, P value: 0.02) compared to the other metals. Pearson’s correlation coefficient
showed significant (P < 0.05) positive correlations among prenatal blood metals levels,
except for nickel. The authors concluded that although the study did not provide strong
evidence for metal-induced effects on the occurrence of SA at relatively low-levels, these
metals should be avoided in women who plan pregnancy and/or during the early stages of
gestation to prevent the potential for adverse effects.

Other endpoints: Data from human antimonials therapy and chronic inhalation of
antimony-containing dusts in the workplace indicate that antimony may also induce
nephrotoxicity, cardiotoxicity and effects on the musculoskeletal system, pancreas and
nervous system (Hepburn et al, 1993; Hepburn et al, 1994; Health Canada, 1997, WHO, 2003;
OEHHA, 2016; ATSDR, 2019).
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2.2.2. Health effects in experimental animals

Antimony is acutely toxic to experimental animals, as indicated by the oral median lethal
dose (LD, ) values reported in the literature including 115 mg/kg bw and 600 mg/kg bw for
APT in rabbits/rats and mice, respectively (Omura et al, 2002; WHO, 2003). Oral LD, values
higher than 2 000 mg/kg bw have been reported for sodium hexahydroxoantimonate
(ECHA, 2014) and above 20 000 mg/kg bw for ATO (WHO, 2003).

Similar to humans, data on the toxic effects of antimony following oral exposure in
experimental animals are limited but indicate that exposure may result in a number of
adverse health effects. Acute oral exposure to Sb(lll) and Sb(V) has been shown to affect
the Gl tract (NTP, 1992; Tylenda et al,, 2015). Subchronic and chronic oral exposures (mostly
to ATO, APT, and antimony trichloride) have been shown to impact the liver, thyroid and
kidneys (Sunagawa, 1981; NTP, 1992; Poon et al,, 1998; Hext et al,, 1999; NTP, 2018), as well as
potentially induce adverse developmental effects (Imai and Nakamura, 2006; Chen et al,
2010; ECHA, 2014, Khosravi et al, 2018). These effects have also been demonstrated in
animal injection studies (Paumgartten and Chahoud, 2001; Omura et al,, 2002; Grimaldi et
al, 2010; Coelho et al, 2014a; Kato et al,, 2014); however, given this route of exposure is not
applicable to the drinking water exposure context, these studies will not be discussed
further in this risk assessment. Other reported effects include altered blood glucose
(Schroeder et al, 1970; Poon et al,, 1998) and lipid levels (Schroeder et al, 1970; Poon et al,,
1998; Hext et al.,, 1999) following subchronic and chronic exposures of rats to Sb(lll) (i.e, APT
or ATO) via drinking water or food. The results from antimonial studies also suggest the
potential for cardiotoxicity and nephrotoxicity of antimony (NTP, 1992; Tirmenstein et al,
1995; Poon et al, 1998; Tylenda et al,, 2015) as well as its oestrogenic potential (Choe et al,
2003; Darbre, 2006). Table 4 provides a summary of the relevant animal toxicity studies
available for antimony.
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Table 4: Summary of the relevant repeated oral dose animal toxicity studies for antimony

Compound

Species Exposure and dose(s) POD
P - post (mg Sb/kg bw Critical effects
number duration (as mg Sb/kg er day)
bw per day) P Y
Forestomach lesions in the
APT in high dose group. Dose-
B6C3F, mice 14 days drinking _ related increases in relative
(10/sex/dose) | (ad libitum) | water: 0, 21, 36, NOAEL =99 liver weight; lesions in the NTP (1992)
63, 99,150 liver of most mice in the high
dose group.
APTin Increase in relative liver
F344/N rats 14 days drinking _ o :
(10/sex/dose) | (ad libitum) | water: 0O, 5.8, NOAEL =@l :;viihtr?uthe e NTP (1992)
10,21, 34, 61 o
Dose-related increases in
liver anisokaryosis reaching
moderate severity in the high
dose group. Dose-dependent
APT in decreased serum glucose
13 weeks L . .
(and drinking levels in females reaching
Sprague- h-week water: males: statistical significance in the
Dawley rats recovery 0.06, 0.56, | NOAEL =006 three highest dose groups. Poon et al.
. 5.58, and 42.17; Dose-related accumulation (1998)
(15/sex/dose) for high ¢ i fanti )
dose emales: 0.06, of antimony in red blood
animals) 0.64, 613 and cells and the spleen with
45.69 marked accumulation
beginning in the second
lowest dose group and
persistence of antimony in
the spleen beyond recovery.
Small increase in liver weight,
L small decrease in plasma
Wistar rats A b.y QS alkaline phosphatase activity
(Alpk:APSD males: 0, 70, and small increase in plasma Hext et al
N 90 days 353,1408; NOAEL =1408 . '
strain; 12/sex/ ) aspartate and alanine (1999)
females: O, 81, . .
dose) 4131570 aminotransferase levels in
! the high dose group. No
histological effects on liver.
) Liver histopathological
Wistar rats . i
(male; 5/ 2 weeks ATO by diet: O, LOEL = 418 changes and mcregsed Sunagawa
dose) 418, 836 aspartate transaminase (1981)
(AST) activity.
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Compound

Species Exposure and dose(s) POD -
! . (mg Sb/kg bw Critical effects
number duration (as mg Sb/kg
bw per day) [£Z27CED
Increased (non-significant)
incidence in delayed skeletal
development in the mid and
high dose groups. Most
. values were only slightly
S5 s, hexsaolsctnl‘lrrgxo— above histo.rica.l control data.
female 20/ | GD6to19 | antimonate | NOAEL=49 | henconsideringskeletal | gopia o1
dose) ) 'ma'lformatlons overall, .
49 148 493 incidence was observed in
L 99.3% to 100% of fetuses and
100% of litters including
controls. No reproductive
toxicity, embryotoxicity
or fetotoxicity.
Reduced survival rate in
APT- 0 and male; angl females; at t_he
043 in median life spans, survival
Long-Evans drinking was reduced by 106 and 107
rats (50-60/ | Lifetime | water;dose | LOAEL =043 | daysformalesandfemales, | Schroeder
sex/dose) estimated by respectively, compared to etal. (1970)
the US. EPA controls. Non-fasting serum
(]9’9'2) glucose levels were reduced
by 28%-30% in the
dosed animals.

APT — antimony potassium tartrate; ATO — antimony trioxide; GD - gestational day; LOAEL - lowest observed adverse effect level; LOEL -
lowest observed effect level; NOAEL — no observed adverse effect level; POD - point of departure; SD — Sprague-Dawley.

2.2.3. Genotoxicity and carcinogenicity

Both the genotoxicity and the carcinogenicity of antimony and its compounds have

been previously reviewed (WHO, 2003; Porquet and Filella, 2007; NTP, 2018; ATSDR, 2019).
For genotoxicity, overall in vivo studies for antimony trioxide were negative for
clastogenicity and bone marrow aberrations, and chromosomal aberrations and
micronuclei formation were negative for in vivo assays. Occupational studies were also
negative for micronuclei formation and sister chromatid exchange. In vitro assays were
generally negative for gene mutations. However, some positive responses for antimony
trichloride and pentachloride (highly soluble antimony substances) in chromosomal
aberration and micronuclei formation assays were observed. Overall, there is low concern
for genotoxicity for the antimony substances in the group (ECCC and Health Canada, 2020).
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The International Agency for Research on Cancer (IARC) has classified trivalent antimony as
a group 2A carcinogen (IARC, 2023) by the inhalation route. The European Commission
classified antimony trioxide as a Category 2 carcinogen (suspected human carcinogen)
under the regulation on classification, labelling and packaging (CLP-Regulation (CE)

No 1272/2008) (EU, 2008a). According to a European Union risk assessment report,
antimony trioxide is classified as a Category 3 carcinogen (Annex 1, Directive 67/548/EEC)
based on limited evidence of a carcinogenic effect (EU, 2008). The EU (2008) further
indicated that there is no evidence of tumours following oral exposure to antimony.

A critical review by Lynch et al. (1999) concluded the available chronic studies contained
many flaws in design and experimental methodology, making them unsuitable for making
any definitive conclusions about carcinogenicity. ATSDR (2019) notes that cancer incidence
was not increased in chronic studies where mice and rats were orally exposed to APT.

2.3 Mode of action

The mode of action for antimony-induced toxicity in mammals has not been fully
elucidated. However, the current evidence indicates that treatment-related hepatotoxicity
likely involves oxidative stress (NTP, 2018) which is preceded by the reduction of Sb(V) (the
form most prevalent in drinking water) to its Sb(lll) form. Both the in vitro reduction of
Sb(V) to Sb(lll) (which is dose-dependent, and favoured at acidic pH and high temperature)
and the involvement of Sb(lll) in hepatotoxicity have been demonstrated (Frezard et al,
2001 DFG, 2007; Kato et al.,, 2014). Thiol homeostasis imbalance has also been
demonstrated through depletion of intracellular glutathione and inhibition of thiol-
containing enzyme systems by Sb(lll) (for example, APT) (Lauwers et al, 1990; DFG, 2007;
Kato et al, 2014). These processes result in increased production of reactive oxygen species
(ROS), oxidative stress, and the induction of peroxidase activity and apoptosis (Lecureur et
al, 2002b; Kato et al,, 2014).

Hashemzaei et al. (2015) observed that the antimony-induced lysis of isolated rat
hepatocytes was mediated by ROS formation, lipid peroxidation and a decline in
mitochondrial membrane potential. Increased oxidative stress was also observed in the
liver of mice and rats treated with Sb(V) antimonials (for example, meglumine antimoniate)
(Dzamitika et al,, 2006; Frezard et al, 2009: Bento et al,, 2013). The acute treatment of mice
with meglumine antimoniate also induced oxidative stress as evidenced by increased
lipoperoxidation and superoxide dismutase (SOD) activity in the liver. An imbalance
between SOD and catalase activities in heart, liver, spleen and brain tissue was also
reported (Bento et al, 2013).

CANADIAN DRINKING WATER QUALITY

2 ANTIMONY



Finally, the cytotoxicity of APT, as evidenced by APT induced apoptosis, was observed

in various lymphoid cell lines, including the HL60 acute myeloid leukemia cell lines.
There was also an association between the underlying apoptosis and increased cellular
production of ROS, as well as loss of mitochondrial membrane potential (Lecureur et al,
20023, 2002b). Increased levels of ROS and deleterious effects on mitochondria by ATO
were also reported (NTP, 2018).

Wan et al. (2021) investigated the nephrotoxicity induced by arsenic and/or antimony
exposure via the induction of autophagy and pyroptosis in vivo and in vitro. In vivo, mice
were dosed with 4 mg/kg arsenic trioxide or/and 15 mg/kg antimony trichloride by
intragastric intubation for 60 days. In vitro, renal tubular epithelial (TCMK-1) cells were
treated with arsenic trioxide (12.5 yuM) and/or antimony trichloride (25 uM) for 24 hours.
The in vivo results showed the potential for arsenic and/or antimony exposure to induce
histopathological changes in the kidneys as indicated by elevated levels of creatinine
and carbamine (which serve as indicators of nephrotoxicity). Additionally, arsenic

and/or antimony exposure induced oxidative stress activating autophagy and pyroptosis
processes (two types of programmed cell death) via increasing/decreasing anti-autophagy/
pyroptosis gene expression. In vitro, arsenic and/or antimony increased reactive oxygen
species generation and decreased mitochondrial membrane potential in TCMK cells.

2.4 Selected key study

The adverse health effects of antimony have been evaluated in several subchronic studies
with rats and mice. The available data from humans are not suitable for deriving a health-
based value (HBV) due to study weaknesses including the route of administration of
antimony (i.e. intravenous and intramuscular injection) as well as exposure to high doses
via poisoning events or therapeutic applications of antimony-based drugs; thus, animal
data are considered the most appropriate for risk assessment.

For the derivation of an HBV for drinking water, the study by Poon et al. (1998) is chosen as
the critical study because it used an adequate number of animals, administered antimony
by drinking water over multiple doses, assessed numerous health outcomes, and reports
the lowest NOAEL in the animal toxicity database. Sprague-Dawley rats (15/sex/dose) were
given 0, 0.5, 5, 50 and 500 ppm APT (0.06, 0.56, 5.58, 42.17 mg Sb/kg bw per day for males;
0.06, 0.64, 613, 45.69 mg Sb/kg bw per day for females) in drinking water for 13 weeks.

Ten additional animals per sex were included in each of the control and the highest dose
groups and were given tap water for a further 4-week recovery period.
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The authors observed no mortalities or clinical signs of toxicity and several of the
observed histological changes in the internal organs assessed were considered as adaptive.
Histological changes observed in the liver were anisokaryosis (i.e., variation in size and
shape) and hyperchromicity (increased optical density) of the liver nuclei, as well as
increased portal density and perivenous homogeneity in the cytoplasm of hepatocytes.
Anisokaryosis occurred with a dose-related increased incidence and severity in both sexes
with persistence observed through the recovery period in the high dose animals,
indicating that these effects were not readily reversible. According to the authors, all of the
high dose group animals had a moderate severity of anisokaryosis and most animals in the
lower dose groups showed low to minimal severity of anisokaryosis. Hyperchromicity was
observed in the high dose males which also persisted through the recovery period.
Increased hepatocyte portal density and perivenous homogeneity was observed in all
treated rats (which persisted through recovery) but were considered adaptive and were
less prominent in females. Other reported effects include: mild histological changes in the
thyroid observed in all treated animals progressing in severity with increasing dose; dose-
related decreases in serum glucose in females starting in the second lowest dose group
with statistical significance reached in the highest dose group; decreased red blood cell
and platelet counts with increased mean corpuscular volume in the high dose males;
dose-related accumulation of antimony in red blood cells starting in the second lowest
dose group animals; and dose-related increased accumulation of antimony in the spleen
starting in the lowest dose group with persistence in the high dose group animals through
recovery. Poon and colleagues identified a NOAEL of 0.06 mg/kg bw per day based on
histological changes in the liver and thyroid, biochemical changes (namely decreased
serum glucose levels in females), and accumulation of antimony in red blood cells and

the spleen.

In a review of the Poon et al. (1998) study by Lynch et al. (1999), Lynch and colleagues
conclude that the observed histological effects in the liver were not necessarily indicative
of overt toxicity and thus proposed an alternative NOAEL of 6 mg Sb/kg bw per day. Poon
and colleagues, however, responded in a later publication indicating that while the liver
histological changes were considered as adaptive, these effects should be considered
along with the changes in serum biochemistry, which together indicate a change in liver
function (Valli et al,, 2000). In conclusion, Poon and colleagues maintain that the identified
NOAEL of 0.06 mg Sb/kg bw per day is appropriate. Based on the consideration of liver
histological effects and serum chemistry together as indicating a change in liver function
(Valli et al, 2000), the NOAEL of 0.06 mg Sb/kg bw per day was selected as the most
appropriate point of departure (POD) from the Poon et al. (1998) studly.
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Other recent assessments by OEHHA (2016) and ATSDR (2019) have also used data from
Poon et al. (1998) for developing their health advice on antimony. In developing the public
health goal for antimony in drinking water, the OEHHA (2016) identified liver anisokaryosis
in males as the key health endpoint for risk assessment and derived a POD of 0.14 mg
Sb/kg bw per day (10% benchmark dose level, BMDL, ) for the basis of the public health
goal. OEHHA indicates that the choice of key health endpoint is supported by evidence of
liver damage in humans exposed to antimony for the treatment of leishmaniasis and in
animals in repeated dose studies, and that liver anisokaryosis has been documented as a
toxic response following exposure to other xenobiotic compounds such as hydroquinone
and toxaphene. In developing its intermediate minimal risk level for antimony, ATSDR
(2019) also used the NOAEL of 0.06 mg/kg bw per day as identified by Poon et al. (1998).
However the NOAEL was chosen based on changes in serum glucose levels which ATSDR
(2019) identifies as one of the most sensitive health endpoints in the animal

toxicity database.

Under the Chemicals Management Plan, the risks to human health and the environment
posed by a group of 11 antimony-containing substances have been previously evaluated
(ECCC and Health Canada, 2020). Using a screening assessment approach, a POD of 49 mg
Sb/kg bw per day for fetal skeletal effects reported by ECHA (2014) was used for
characterizing the risks associated with exposure to antimony-containing substances from
environmental media, food, drinking water and consumer products. The ECHA (2014) study
administered a less soluble form of antimony (sodium hexahydroxoantimonate) via gavage,
yielding a higher POD than that identified by Poon et al. (1988) which administered APT via
drinking water. ECCC and Health Canada (2020) did not consider studies administering APT
or antimony trichloride for risk characterization since it was deemed that exposure to
these forms of antimony from environmental media, food, drinking water and consumer
products is not anticipated.

For the derivation of an HBV for antimony in drinking water, a POD of 0.06 mg Sb/kg bw
per day from Poon et al. (1998) for changes in liver histology (anisokaryosis) along with the
changes in serum biochemistry (which together are indicative of a change in liver function)
is chosen. The choice of liver impacts as the key health endpoint is supported by evidence
of liver damage in humans exposed to antimony during the treatment of leishmaniasis and
in animal repeated dose studies. Since the form of antimony used in the Poon et al. (1998)
study (APT) is more soluble than other forms of antimony that may be present in drinking
water, the HBV is expected to be protective of all forms of antimony in drinking water.
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$.0 DERIVATION OF THE
HEALTH-BASED VALUE
(HBV)

A NOAEL of 0.06 mg Sb/kg bw per day based on histopathological changes (anisokaryosis)
in the liver and changes in serum biochemistry that are indicative of liver effects, as
reported by Poon et al. (1998), is chosen as the POD for deriving the HBV for antimony in
drinking water.

Using the NOAEL of 0.06 mg Sb/kg bw per day, a tolerable daily intake (TDI) for total
antimony is calculated as follows:

0.06 mg Sb/kg bw per day
300

ADI =

0.0002 mg Sb/kg bw per day

where:
» 0.06 mg Sb/kg bw per day is the NOAEL identified from Poon et al. (1998), based on
histopathological changes (anisokaryosis) in the liver and changes in serum
biochemistry indicative of liver effects; and

» 300 is the uncertainty factor, accounting for interspecies variation (x10), intraspecies
variation (x10), and the use of a subchronic study (x3).
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Using this TDI, the HBV for total antimony in drinking water is derived as follows:

0.0002 mg Sb/kg bw per day x 74 kg x 0.3
1.53 L/day

HBV

= 0.003 mg/L (3 pg/L)
where:
» 0.0002 mg Sb/kg bw per day is the TDI derived above;

» 74 kg is the average body weight for an adult (Health Canada, 2021);

» 0.3 is the drinking water allocation factor based on the upper bound of the estimated
intake for drinking water (see section 1.3);

» 153 L/day is the drinking water intake rate for a Canadian adult (Health Canada, 2021).
Due to its low volatility and low dermal absorption (OEHHA, 2016), exposure to
antimony from showering or bathing is unlikely to be significant; consequently, a
multi-route exposure assessment, as outlined by Krishnan and Carrier (2008), was
not performed.
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4,0 ANALYTICAL
AND TREATMENT
CONSIDERATIONS

4.1 Analytical methods to detect antimony

41.1. Standardized methods

Standardized analytical methods available for the analysis of total antimony in drinking
water and their respective method detection limits (MDLs) are summarized in Table 5.
MDLs are dependent on the sample matrix, instrumentation, and selected operating
conditions and will vary between individual laboratories. These methods are subject to a
variety of interferences, which are outlined in the respective references. The total
concentration of antimony is determined from these methods and not the antimony
species. A number of accredited laboratories in Canada were contacted to determine the
MDLs and the method reporting limits (MRLs) for total antimony analysis and the MDLs
were in the range of those reported in Table 5. The MRL were between 0.5 pg/L and 1 pg/L
by methods based on inductively coupled plasma — Mass Spectrometry (ICP-MS) (ACAT
Laboratories, 20193, b, c; Paracel Laboratories Ltd., 2019).

The MDLs or MRLs from provincial data are in the range of 0.1 ug/L to 2 ug/L
(see section 1.3).

Drinking water utilities should discuss sampling requirements with the accredited
laboratory conducting the analysis to ensure that quality control procedures are met and
that MRLs are low enough to ensure accurate monitoring at concentrations below

the MAC.
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Table 5: Standardized analytical methods for the analysis of total antimony in

drinking water

Method

Methodology

MDL (pg/L)

Interferences/Comments

(Reference)

U.S. EPA Methods

EPA200.5 Rev. 4.2

Axially viewed
inductively coupled

Spectral, physical, chemical and
memory interferences. Matrix

(US. EPA 2003) .pliasma—atomlc 09 interferences: Ca, Mg and Na > 125
: emission spectrometry me/L and Si > 250 me/L
(AVICP-AES) & &
EPA 200.8 Rev. 54 0.42 Isobaric elemental and polyatomic ion
ICP-MS . and physical interferences. Matrix
(U.S. EPA, 1994a) 0.04 interferences: TDS > 0.2 % (w/v).
Spectral, matrix and memory
Stabilized temperature interferences. The HCl present from
EPA 2009, Rev 2.2 ) P ) the digestion procedure can influence
graphite furnace atomic 0.8 e
(US. EPA, 1994b) absorotion the sensitivity. Interference by K,SO,
P can be reduced by using H/Ar in
char step.
Isobaric elemental and molecular and
EPA 6020B 01 memory interferences. Matrix
ICP-MS interferences: TDS > 0.2 % Sb
(U.S. EPA, 2014) (IbL) concentrations of 50-500ug/L require
1% (v/v) HCl for stability.
APHA Standard Methods (SM)
SM 3113B Electrothermal atomic 038 Sb not recovered unless HCl used in
absorption (Estimated digestion. Molecular absorption,
(APHA et al, 2017) spectrometry detection level) | chemical and matrix interferences.
Samples should not contain more than
SM 3125 0.07 0.5 % dissolved solids. Isobaric,
ICP-MS abundance sensitivity, polyatomic ion,
(APHA et al, 2017) (IDL) physical, memory and
jonization interferences.
ASTM Methods
D5673-16 0.08 Abundance sensitivity and isobaric
|CP-MS elemental, isobaric polyatomic ion,
(ASTM, 2016) (IDL)

physical and memory interferences.

ICP-MS —inductively coupled plasma mass spectrometry; IDL — instrument detection level; MDL — method detection limit; TDS - total

dissolved solids.

@ MDL in scanning mode.

® MDL in selective ion monitoring mode.
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4.1.2. Sample preparation

Total antimony includes both the dissolved and particulate (suspended) fractions of
antimony in a water sample and is analyzed using methods for total recoverable antimony.
Analysis of total antimony is needed for comparison to the MAC.

Sample processing considerations for the analysis of antimony in drinking water

(i.e, sample preservation, storage, digestion, etc.) can be found in the references listed in
Table 5. Accurate quantification of dissolved, particulate and total antimony in samples is
dependent on proper sample preservation and processing steps. SM 3030B and SM 3030D
provide guidance on filtration, preservation (acidification) and digestion procedures for the
determination of dissolved or particulate metals (APHA et al,, 2017). SM 3030D provides
guidance for metal digestion, including antimony and the necessity of using hydrochloric
acid along with nitric acid for proper digestion (APHA et al,, 2017). In order to determine
dissolved antimony concentrations, samples should be filtered at the time of collection
(not at the laboratory) and the filtrate should be acidified to pH < 2 with concentrated
nitric acid.

Currently, United States Environmental Protection Agency (U.S. EPA) methods 200.5, 200.8,
200.9 and SM 3113B do not require hot acid digestion for total recoverable metals, unless
turbidity of the sample is greater than 1 nephelometric turbidity unit (NTU). However,
research conducted on other metals (for example, lead, chromium and cadmium) has
found that this may not accurately quantify the total metal concentration in a drinking
water sample for all metals. This approach may underestimate total antimony in drinking
water when the particulate form of antimony is present and hot acid digestion may be
necessary. Hot acid digestion is described in U.S. EPA methods 200.5, 200.8 and 2009 (U.S.
EPA, 2003, 19944, b). Microwave-assisted digestion, outlined in method SM 3030 K (APHA et
al,, 2017), can also be used for analysis of total recoverable metals for methods that are
based on ICP-MS.

4.2 Treatment considerations

Treatment technologies that are available to decrease antimony concentrations in

drinking water include: ferric-based conventional coagulation, with best removal

achieved at low pH (95% removal at pH 5.1); adsorption using titanium-based adsorbents
(100 000-170 000 bed volumes to breakthrough of 6 ug/L at pH 6.5); reverse osmosis (RO)
(46%-99%); and a combination of coagulation/flocculation and ultrafiltration (16%-98%).
The effectiveness of these technologies varies depending on water quality parameters
such as the species of antimony, the pH and presence of competing ions. At the residential
scale, certified treatment devices relying on RO and distillation are expected to be
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effective for removal of antimony (U.S. EPA, 1998). Operational complexity (for example,
pre- and post-treatment pH adjustment and alkalinity adjustment) may need to be
considered in the selection of treatment options, particularly for small systems.

The antimony species present in water entering a treatment plant is an important factor in
determining the effectiveness of treatment. Smaller, neutral species are generally more
difficult to remove than larger, charged species. The two main species of antimony present
in natural waters are antimonite (Sb(lll)), in the form of Sb(OH),, and antimonate (Sb(V)), an
anion in the form of Sb(OH),” (U.S. EPA, 2006; Deng et al,, 2017). Typically, Sb(V) is the form
present in oxic surface water and Sb(lll) is the form in anoxic groundwater (He et al, 2015).

The redox chemistry of antimony is important in the treatment and removal of antimony
from drinking water. The treatment type for antimony determines whether Sb(lll) or Sb(V) is
better removed. Conventional treatment bench-scale studies indicate that Sb(lll) is better
removed than Sb(V) whereas removal through RO exhibited better removal of Sb(V).

4.2.1. Municipal-scale

The selection of an appropriate treatment process will depend on many factors, including
the raw water source and its characteristics, the species of antimony present in the water,
the operational conditions of the selected treatment method and the water utility's
treatment goals. Treatment goals may require that pH be adjusted post-treatment to
address corrosion issues in the distribution system (Health Canada, 2015). Pilot- and bench-
scale testing is critical to ensure the source water can be successfully treated and to
optimize operating conditions.

4211 Conventional coagulation
Conventional coagulation was evaluated for antimony removal through numerous bench-
scale studies, with some using natural waters and others deionized waters (see Tables 6,7
and 8). The first study listed in Table 6 evaluated two source waters, collected in and
distributed through two historic mine tunnels (Spiro and Judge tunnels) in Park City, Utah,
with high total antimony levels as well as other co-occurring contaminants (CH2M, 2016;
Najm et al, 2017). Ferric chloride (FC) was used in jar tests to determine the impact of
coagulant dose and pH (see Table 6). Overall, the results showed that the removal of total
antimony was:

» only partially achieved with FC (Najm et al, 2017),

» most effective at highest dose of FC and lowest pH (Najm et al,, 2017), and
» not as effective using high pH coagulation (CH2M, 2016; Najm et al,, 2017).
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Table 6: Bench-scale removal of antimony using coagulation on two natural waters? (Najm

etal, 2017)
Sb effluent (pg/L)®
Influent . Co-occurring
Water | o (wg/L) | P FeCl, Dose (mg/L) Water Quality contaminants
As = 41 pg/L
55 3 4 29 oH 743 )
Cd = 0.19 pg/L
TSplrol 93 6.5 68 58 47 Alkalinity =133 mg/L as CaCO, TL=35pg/L
unne Total hardness = 480 mg/L as _
Zn =140 pg/L
75 | 76 | 7 | 53 Caco,
: : . Fe =300 pg/L
55 | 45 | 3 | 16 As=82ug/L
pH 777 Cd=23pg/L
Judse 61 65 | 51 | 45 | 31 Alkalinity 89 mg/L as CaCO, TL=0.03 pg/L
Total hardness 166 mg/L as CaCO, Zn =770 pg/L
75 51 47 3.4 Fe = 340 pg/L

As — arsenic; Cd — cadmium; Fe —iron; Tl: thallium; Zn - zinc.
® Jar tests, shaken for 13 days to reach equilibrium, 2 mg/L CL,.
> Estimated from graph.

Other bench-scale studies also evaluated Sb(V) and Sb(lll) removal using coagulation
(see Tables 7 and 8) and these showed that:
» Ferric-based coagulants performed better than aluminum-based (Kang et al,, 2003;
Guo et al, 2009);

» Sb(lll) was better removed than Sb(V) (Kang et al,, 2003; Guo et al,, 2018);

» Optimal pH for Sb(V) removal with FC was between 4.5 and 5.5 (Kang et al,, 2003; Guo
et al, 2009, 2018);

» Sb(V) removal declined with increasing pH (Guo et al,, 2009, 2018);
» Sb(lll) removal was less impacted by pH (4.0-10.0) (Cuo et al, 2009, 2018); and

» Generally, Sb(lll) and Sb(V) removal increased with ferric-based coagulant dose (Kang
et al, 2003; Wu et al, 2010; Guo et al, 2018; Inam et al,, 2018).
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Table 7: Antimony removal using coagulation®

Influent % Coagulant Coagulant H References
(ug/L) Removal® Type Dose P
Aluminum-based coagulants
Reservoir water
Sb(V) =6 10% 5.4 mg/L 51 Turbidity 17 NTU
DOC 3.9 mg/L
Polyaluminum Kang et al.
Sgltl)l)(;)é 40% chloride Stream water (2003)
: 2) 2 53 mg/L 5. Turbidity 4.5 NTU
Sb(lll) = 4
(SbCL) 20% DOC3.3 mg/L
3
Sb(V) =50 <20% 1-3x10*“mol/L Spiked deionized
water
Aluminum - Guo etal.
3.5-98 | Alkalinity 4.0 x 107
Sb(lll) = 50 <25% sulphate 1-3x10*mol/L mol/L of NaHCO, (2009)
T=25+1C
Iron-based coagulants
65% 10.3 mg/L Reservoir water
Sb(V) =6 5 Turbidity 17 NTU
O,
90% 20.0 mg/L DOC 39 mg/L
Ferric Kang et al.
S?S(Ib”)O:)é 90% chloride Stream water (2003)
: 2) - 103-200mg/L | 5l Turbidity 4.5 NTU
Sb(lll) = 4
(SbCL) > 95% DOC 33 mg/L
3
>99% 4
78% 8 x 10*mol/L 6
< 55% >85
Sb(V) =250
95% 5
50% 4 x10*mol/L 7 o
Polymeric Deionized water Guo et al
< 45% ferrigsulfate > 8 with 4.0X10°mol/L (2018) .
85% 4 NaHCO, added
4 x10°mol/L
> 95% >55
Sb(lll) =100 70% 4.5
80% 2 x 10> mol/L 6
>90% >8

DOC - dissolved organic carbon.
@ Bench-scale jar tests with rapid mix, slow mix and settling stages.

b Estimated from graph.
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Table 8: Antimony removal using ferric-based coagulants at the bench-scalea (Guo et

al., 2009)
e Initial Sb(V) (ug/L) Initial Sb(Ill) (ug/L)
(mol/L) | sp(v)=49.2 | Sb(V)=98.4 | Sb(V)=492 | Sb(ll) =50.6 | Sb(Il) =101 | S(ill) =506
pH 6.0 £ 0.2 Treated Sb(V) concentration (pg/L) Treated Sb(lll) concentration (pg/L)
2x10* 221 477 24] 6.6 13.8 352
6 x10* 07 10.8 50.5 1.5 4.6 13.2
10 x 10 Undetectable 29 82 0.7 35 6.4
pH7.8 £0.2 Treated Sb(V) concentration (pg/L) Treated Sb(lll) concentration (pg/L)
2x10* 383 732 34] 13 13.5 36.1
6 x10* 20.8 31.8 106 39 9.8 215
10 x 104 47 251 60.0 35 71 6.5

FC - ferric chloride.
» Spiked deionized water, with 4.0 x 102 mol/L NaHCO,; Jar tests; Rapid mix: 140 rpm 3 min; Slow mix: 40 rpm 20 min; Settling 30 min; T = 25

+1°C.
A bench-scale study used to evaluate ferric-based coagulants found that the addition of
Fe(lll) had better Sb(lll) removal than that using Fe(ll), in artificially contaminated tap water
(Mitrakas et al., 2018).

Sb(lll) was shown to be better removed than Sb(V) when using FC-based coagulants, and
pre-oxidation may have a negative impact on overall removal since this oxidation step
converts the Sb(lll) to the Sb(V) form. The impact of pre-chlorination (residual free chlorine
of 0.5 mg/L at 10 minutes) was examined in a bench-scale study on antimony removal
using FC (dose =10.3 mg as Fe/L) (Kang et al, 2003). When Sb(lll) was present, pre-
chlorination resulted in declined removal over the entire range of pH values (pH 5-10).

Kang et al. (2003) discussed antimony removals compared to those of arsenic. For arsenic,
As(V) is better removed than As(lll), which differs from antimony, in which Sb(lll) is better
removed than Sb(V). The authors stated that for Sb(V) removal, the required FC dose at a
pH of 5 is about nine times higher than that for removal of As(V).

The presence of competing ions had variable effects on removal and was a function of the
antimony species, pH, coagulant dose and the concentration of competing ion. A bench-
scale study evaluated effects of silicate, bicarbonate (HCO,), sulfate (SO,*), phosphate
(PO,*) and humic acid (HA) on both Sb(V) and Sb(lll) removal (Wu et al, 2010). The jar tests
were conducted at various FC doses, competing ion concentrations and pH for each of
Sb(lll) and Sb(V). Silicate was found to have minimal effect on antimony removal. HCO,,
SO,*, HAand PO * presence had a negative impact on Sb(V) removal. The effect of HA and
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PO, on Sb(lll) removal was variable depending on pH and coagulant dose. The authors
also conducted experiments using a synthetic water containing various anions and cations
and indicated that Sb(V) removal was impacted to a larger extent than Sb(lll). Other bench-
scale studies were conducted that showed similar impacts as a result of competing ions
(Guo et al, 2009, 2018).

Inam et al. (2019) investigated the impact of various natural organic matter (NOM)
concentrations on antimony removal through jar tests. Different NOM were investigated to
determine the impact on the optimal FC dose in removing Sb(lll) and Sb(V). The NOM types
that were investigated included hydrophilic salicylic acid and L-cysteine and hydrophobic
HA. The tests included rapid mixing, slow mixing and settling stages and were conducted
with either Sb(lll) or Sb(V) at 1 mg/L in deionized water, with NOM at a concentration of 10
mg/L. The optimal FC dose was found in the presence of each type of NOM for both Sb(lll)
and Sb(V), and in all cases was higher for Sb(V) than for Sb(lll) with greater than 90%
removed. For both Sb(lll) and Sb(V), the presence of HA resulted in the highest FC optimal
dose over the other types of NOM. The authors stated that the hydrophobic molecules in
HA suppressed the antimony adsorption onto the FC.

4.21.2 Adsorption

Adsorption can be used to remove contaminants and effectiveness of this treatment
technology depends on the contaminant, the sorbent material, water quality parameters
and presence of competing ions (U.S. EPA, 1998). Other ions present in the water may
compete with antimony for adsorption sites and impact the number of bed volumes (BVs)
to breakthrough and the regeneration or replacement frequency.

The town of Alta in Utah uses the Bay-City Tunnel (an abandoned mine tunnel) to collect
and store percolating groundwater which is then used as the source for drinking water
(Najm et al, 2010). The tunnel water contains total antimony concentrations between

1.2 pg/L to 29 pg/L (average of 13 pg/L), along with many other co-occurring contaminants
such as arsenic and cadmium. Pilot-scale testing was conducted using a titanium-based
media, operating for 11 hrs/day. At a natural pH of 7.3, antimony reached breakthrough
concentration of 6 pg/L between 50 000 BVs and 75 000 BVs. When the pH was lowered
to 6.5, the performance improved to approximately 100 000 BVs to reach breakthrough.
The full-scale system for this site consisted of two columns in a lead-lag configuration,
with effluent remaining below 1 ug/L during the evaluation period of 30 000 BVs for the
lead column and 15 000 BVs for both columns. Comparison of the pilot- and full-scale
results during the first 30 000 BVs show better performance at the full-scale with <1 ug/L
of total antimony in the treated water compared to the pilot-scale with approximately

2 pug/L. Finally, fully treated water was compared against a blend of treated and untreated
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water (at a ratio of 2:1). The results showed that the treated water antimony concentration
remained close to O pg/L for > 390 days of operation and that the blended water
concentrations were between 3 pg/L and 6 pg/L over this same time frame.

The Spiro and Judge Tunnel waters in Park City Utah presented in section 4.2.1.1 were also
evaluated for removal of antimony, using various adsorbents, through bench- and pilot-
scale studies (CH2M, 2016; Najm et al,, 2017; Swaim et al,, 2017). Antimony and other co-
occurring contaminants had to be removed from the mine tunnel waters. The bench-scale
study evaluated a titanium dioxide (TiO,)-based adsorbent at pH 8, achieving antimony
removal to less than 1 ug/L at a dose of 60 mg/L (Najm et al, 2017). The pilot-scale study
was carried out in advance of full-scale implementation to ensure adequate removals of
antimony, arsenic, cadmium (Cd), iron (Fe), manganese (Mn), thallium (TU), zinc (Zn),
selenium (Se) and lead (Pb). The treatment train consisted of pre-oxidation, high pH
coagulation/settling, MnQ, filtration, adsorption, disinfection and conditioning (CH2M, 2016;
Swaim et al,, 2017). All of the co-occurring contaminants were removed to satisfactory
levels after the MnQ, filtration stage, with the exception of antimony. The removal of
antimony was examined through evaluation of three different adsorption media including
TiO,, ferric oxide and ferric hydroxide. It was estimated that ferric oxide and ferric
hydroxide at pH 6.5 would need to be changed every 12 000 BVs to 18 000 BVs and
29 000 BVs to 50 000 BVs, respectively. For the TiO, adsorbent, it was expected to have
approximately 170 000 BVs between media changes at pH 6.5 and 66 000 BVs to
91 000 BVs at pH 7.6. The TiO, column running at a pH of 7.6 was lowered to 6.5, resulting in
an increased antimony removal. When the pH was returned to 7.6, the antimony
concentrations returned to previous values. Overall, this pilot-scale study showed that:

» Antimony was removed by all media at an empty bed contact time of 2.5 minutes;

» TiO, exhibited the best antimony removal; and

» Lowering to pH 6.5 improved performance (CH2M, 2016).

A full-scale study carried out as part of the U.S. EPA's Arsenic Treatment Technology
Demonstration program included investigation of antimony. The study included three
parallel columns that evaluated adsorption of arsenic and antimony using commercially
available granular ferric hydroxide (B-FeOOH + Fe(OH),) (Cumming et al, 2009). The study
ran over approximately five and a half months and treated 15753 000 gallons of
groundwater. Breakthrough of antimony at 6 ug/L occurred at 3 000 BVs, which the authors
stated was unexpectedly short and may have been due to presence of silica and
phosphorus in the source water.
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Other pilot- and bench-scale studies provided a range of adsorption capacities for various
iron-based adsorbents to remove antimony (see Table 9). Overall, these studies
showed that:

» Sb(V) removal is better under acidic conditions (CGuo et al, 2014; Miao et al,, 2014);

» Sb(lll) removal is relatively unaffected by pH (Guo et al,, 2014);

» Antimony removal is not impacted by the presence of arsenic (Sazakli et al, 2015),
NO, or SO,* (Qi and Pichler, 2017);

» Phosphate has negative impact on antimony removal (Qi and Pichler, 2017);

» Freshly prepared ferric hydroxide (in-situ FeOxHy) exhibited better adsorption, as
freshly prepared adsorbents better maintain the adsorption sites (He et al, 2015); and

» The surface of the iron-based adsorbent may catalyze the oxidation of Sb(lll) that is
adsorbed, leading to partial desorption of Sb(V) into treated water (Leuz et al,, 2006;
Qi and Pichler, 2017).

Table 9: Range of adsorption capacities for iron-based adsorbents

Adsorbent ‘ Antimony species | Adsorption capacity (mg/g) References
. llavsky et al. (2014, 2015); Sazakli et
Not specified 0.42-1.63 al. (2015); Barlokova et al. (2017)
Xi et al. (2013); Guo et al. (2014); Qi
Iron-based Sb(ll1) 19.4-53.5 and Pichler (2016)
Guo et al. (2014); Miao et al. (2014);
Sb(v) 6.5-62.5 Qi and Pichler (2016)
12.77 mmol/
Sb(l11) &
(1555 mg/g)
In-situ FeOxHy He et al. (2015)
10.21 mmol/g
Sb(V)
(1243 mg/g)

In-situ FeOxHy — freshly prepared ferric hydroxide.

Three pilot-scale studies evaluated the removal of antimony from spring water and the use
of commercially available iron-based adsorbents by determining the number of BVs to
reach 5 ug/L (see Table 10) (llavsky et al, 2014, 2015; Barlokova et al,, 2017). Barlokova et al.
(2017) determined that the number of BVs increased with increased column height. llavsky
et al. (2014, 2015) indicated that CeO,nH,O was the better adsorbent over 90.1% a-FeOOH,
FeOOH and B-FeOOH + Fe(OH)3. In these three studies, the authors stated iron-based
adsorbents could possibly decrease antimony to drinking water levels.
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Table 10: Pilot-scale tests evaluating number of bed volumes to reach breakthrough at

5ug/L
Adsorbent Influent EBCT Heighta | Filtration Description References
type (ug/L) (min) ()] rate (m/h) P
Spring water .
90.3 53-5.4 . ; Barlokova
B-FeOOH + (ave) 7 3736 0 (Average) (high antimony etal, (2017)
due to mining)
Fe(OH)3 101 4 659 100
277 + 5.29 3236 555-558 | ~Pringwater llavsky
3.4] 48-49 1 (average) pH 8.2, TDS et al, (2015)
CeO,nH,O ' 516 3967 190 mg/L N
B-FeOOH + 3
Fe(OH), 6.0 1700 47-53
o 583 _ ) llavsky
901% (ave) 6.4 715 | 297 | 43-49 | SPTIMEWAT oo oW
a-FeOOH
FeOOH 6.3 790 4.3-5]

BV - bed volumes; EBCT - empty bed contact time; TDS -- total dissolved solids.
@ Column diameter 5.0 cm.

He et al. (2015) examined the removal of antimony in deionized water with potassium
nitrate solute at 0.01 M using in-situ FeOxHy at the bench-scale. The maximum adsorption
capacity of in-situ FeOxHy was shown to be 6.68 mmol/g and 5.34 mmol/g for Sb(lll) and
Sb(V), respectively. The authors then conducted a pilot-scale study to examine the removal
of Sb(V) over 716 hours from two columns in series. The influent concentration ranged
between 20 and 30 pg/L with the pH gradually being decreased in a step-wise manner
from 7.6 to 5.2. The effluent Sb(V) concentration from each column was found to increase
slowly over time and then decrease corresponding to the step-wise decline in pH. The
authors stated that the pH adjustment was valuable to increase the adsorption capacity
and decrease the regeneration frequency.

4213 Reverse osmosis

Studies investigating antimony removal by RO illustrate good antimony removal (see Table
1). As part of the U.S. EPA’s Arsenic Treatment Technology Demonstration program, a
point-of-entry RO system was evaluated at a school (Wang et al,, 2011). Antimony removal
was examined in addition to arsenic removal and had 99% removal over the eight-month
study period.
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A bench-scale study examined the removal of Sb(lll) and Sb(V) by RO and showed that
Sb(V) was better removed than Sb(lll) and was less impacted by pH (Kang et al,, 2000).

The removals of Sb(lll) and Sb(V) are almost constant over the pH range of 3 to 10 with both
the polyamide and polyvinyl alcohol membranes. The exception was for the removal of
Sb(lll) with the polyvinyl alcohol membrane, where it decreased sharply from 60.2% to
45.7% when pH changed from 7 to 10.

Table 11: Antimony removal using RO membrane filtration processes

Influent Removal -
(ng/L) (%) RO Membrane pH Process Description Reference
Full-scale
o Point-of-entry RO at a
79 — initial school
86-132 99% 15 megnblrane 69 —after RO | o 2.5-in x 40-in thin-film Wa(r;%]e])t al.
modules
74 - after Croundwater
calcite filter
Recovery rate of 40%
April to December 2009
85%> Polyamide 3-10
O/a
Sb(l =10 >8% 3 Bench-scale
60.2%* Polyvinyl alcohol 7 Distilled water Kang et al.
457%2 10 Two RO membranes (flat- (2000)
95%> Polyamide 3-10 sheet type)
Sb(V) =10
90%* Polyvinyl alcohol 3-10

RO - reverse osmosis.
® Estimated from graph.

Limitations of the RO process include possible membrane scaling, fouling, and failure, as
well as higher energy use and capital costs. Calcium, barium, and silica can cause scaling
and decrease membrane efficiency. Since RO completely removes alkalinity in water, it will
continually lower product water pH and increase its corrosivity. Therefore, the product
water pH must be adjusted and alkalinity may need to be increased to avoid corrosion
issues in the distribution system such as the leaching of lead and copper (Schock and

Lytle, 2011; U.S. EPA, 2012).
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4.21.4 Coagulation followed by ultrafiltration membrane
Studies evaluating combined treatment processes (coagulation followed by an
ultrafiltration membrane) were reviewed. Two bench-scale studies examined antimony
removal using freshly prepared hydrolytic flocs (Du et al, 2014; Ma et al,, 20173, b) (see Table
12). The studies that examined Sb(V) (Ma et al,, 20173, b) showed that:

» With no coagulant, there was low removal and high transmembrane pressure (TMP).

» For four iron and aluminum-based coagulants, hydrated ferric chloride (FeCl,-H,0)
had the best performance.

» Continuous coagulant injection resulted in better Sb(V) removal as compared to
injections every 2 days (however with higher TMP).

» As pH was lowered to 6, the Sb(V) was better removed and the TMP was lower.
» Sludge discharge frequency (5 days versus 10 days) had little effect on Sb(V) removal.

» Aeration had little effect on removal but TMP decreased as aeration increased.

The study that examined Sb(lll) (Du et al,, 2014) showed that:
» When no coagulant was used, the Sb(lll) removal was low;

» pH (in range 5 to 9) had only slight effect on Sb(lll) removal;
» Removal increased with dose (optimum at 0.4 mM); and

» Greater than 95% Sb(lll) removal was obtained (dose = 0.4 mM; pH 8.5 £ 0.2; all
initial concentrations).

Given only bench-scale studies are available it is critical to conduct bench- and pilot-scale
studies prior to full-scale implementation to ensure the effectiveness of combined
treatment and its optimal operating conditions.
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4.2.2. Residential-scale

In cases where antimony removal is desired at the household level -- for example, when a
household obtains its drinking water from a private well -- a residential drinking water
treatment unit may be an option for decreasing antimony concentrations in drinking water.
Systems classified as residential scale may have a rated capacity to treat volumes greater
than that needed for a single residence, and thus may also be used in small systems.

Before a treatment unit is installed, the water should be tested to determine the general
water chemistry and antimony concentration in the source water. Periodic testing by an
accredited laboratory should be conducted on both the water entering the treatment unit
and the treated water to verify that the treatment unit is effective. Units can lose removal
capacity through use and time and need to be maintained and/or replaced. Consumers
should verify the expected longevity of the components in the treatment unit according
to the manufacturer’'s recommendations and service it when required.

Health Canada does not recommend specific brands of drinking water treatment units, but
it strongly recommends that consumers use units that have been certified by an
accredited certification body as meeting the appropriate NSF International Standard/
American National Standards Institute (NSF/ANSI) for drinking water treatment units. The
purpose of these standards is to establish minimum requirements for the materials, design
and construction of drinking water treatment units that can be tested by a third party. This
ensures that materials in the unit do no leach contaminants into the drinking water (i.e.,
material safety). In addition, the standards include performance requirements that specify
the removal that must be achieved for specific contaminants (for example, reduction
claim) that may be present in water supplies.

Certification organizations (i.e, third parties) provide assurance that a product conforms to
applicable standards and must be accredited by the Standards Council of Canada (SCC).
Accredited organizations in Canada (SCC, 2020) include:

» CSA Group

» NSF International

» Water Quality Association

» UL LLC

» Bureau de normalisation du Québec (available in French only)
» International Association of Plumbing and Mechanical Officials

» Truesdail Laboratories Inc.
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https://www.csagroup.org/
http://www.nsf.org
http://www.wqa.org
https://www.ul.com/
http://www.bnq.qc.ca
http://www.iapmo.org
http://www.truesdail.com

An up-to-date list of accredited certification organizations can be obtained from the SCC.

The drinking water treatment units that are expected to be effective for antimony removal
at the residential-scale include RO (U.S. EPA, 1998). Distillation should also be effective
based on physical and chemical properties of antimony. Currently, antimony is not
included in the performance requirements (for example, reduction claims) of NSF/ANSI
standards. However, use of a treatment unit that is certified to the standards for RO or
distillation will ensure that the material safety of the units has been tested. These
standards are NSF/ANSI Standard 58 (Reverse Osmosis Drinking Water Treatment Systems)
(NSF International, 2022a) and NSF/ANSI Standard 62 (Drinking Water Distillation Systems)
(NSF International, 2022b).

The effectiveness of RO units for antimony removal is dependent on the membrane (filter)
type and pH of the water, and anticipated removals range from 46% to 99% (based on
municipal-scale data). Therefore, an RO system will need to be carefully selected,
considering influent water antimony concentrations and relevant water composition, to
achieve treated water concentrations below the MAC. In addition, it may be necessary to
pre-treat the water to reduce fouling and extend the service life of the RO membrane.
Although there is a lack of data regarding the use of distillation for removal of antimony
from drinking water, it is expected to perform adequately because it is effective for the
reduction of other inorganic contaminants. However, this process requires a high electrical
energy input. Consumers may want to consult a water treatment professional for advice
on available treatment systems, as well as installation and maintenance costs, based on
their specific water quality.

Water that has been treated using RO and distillation is more likely to be corrosive to
internal plumbing components. Also, as large quantities of influent water are needed to
obtain the required volume of treated water, these devices are generally not practical for
point-of-entry installation. Therefore, these devices should be installed only at

the point-of-use.

A consideration for limiting exposure to antimony is to specify that drinking water
materials (i.e, components and treatment chemicals) meet health-based standards. These
standards ensure that materials meet health-based requirements and are safe for use in
potable water applications. NSF/ANSI Standards 61 (NSF International, 2022c) and 60 (NSF
International, 2022d) require that the concentration of antimony does not exceed the
single product allowable concentration of 0.0006 mg/L in components and treatment
chemicals, respectively.
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4.3 Distribution system considerations

Treated water, accumulation in the distribution system and leaching from brass and solder
materials are potential sources of antimony in both distribution and household plumbing
systems. Distribution systems are complex and the related water quality concerns are
inherently more challenging to manage effectively than those for the water leaving the
treatment plant. Additional information on distribution system issues and maintenance
can be found elsewhere (Health Canada, 20223, b).

4.3.1. Antimony deposition and accumulation

The accumulation of trace inorganic contaminants in the drinking water distribution
system is a complex function of numerous factors, including contaminant concentration in
treated water, pH, redox conditions and pipe material. Iron oxyhydroxides and hydrous
manganese oxides are significant sinks for trace inorganic contaminant accumulation
because of their adsorptive affinity for them. Water quality changes or physical disruptions
in the distribution system can remobilize contaminants into the bulk water. Indicators of
this include the presence of discoloured water or increased turbidity.

Total and dissolved antimony during water flushing trials of distribution systems were
examined (Friedman et al, 2016). The results consistently showed that particulate antimony
concentrations were higher in flushed samples than bulk water. The study indicates a lack
in adsorption and release mechanisms of antimony within the distribution system.

Friedman et al. (2010) identified several key water quality conditions that should be
controlled in order to maintain water stability for deposited trace inorganic contaminants.
These include pH, the oxidation-reduction potential and the corrosion-control measures.
It is also important to avoid the uncontrolled blending of surface water with groundwater
and of chlorinated water with chloraminated water. Indicators of potential release of trace
inorganic contaminants in the distribution system may include discoloured water and
increased turbidity.

In a study of scale and sediment samples collected from the distribution systems of 20 U.S.
drinking water utilities supplied by groundwater, surface water and blended water sources,
antimony was found to be the tenth most concentrated of the 12 inorganics analyzed
(Friedman et al, 2010). The authors reported that antimony was found in all solids but that
its concentration was significantly lower than other metals. The median antimony
concentration of all scale deposits and sediment samples combined was 0.14 ug/g (1.4 x 10
weight %), with 10" percentile and 90t percentile of 0.05 pg/g (5 x 10-° weight %) and 0.86
ug/g (8.6 x 10~ weight %), respectively. The median antimony concentrations in scale
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deposits and hydrant-flush solids were 0.13 ug/g and 0.17 pg/g (1.3 x 10-° weight % and

1.7 x 10°weight %), respectively. It was noted that, of the six samples with higher antimony
content (> 0.9 pg/g), there were no obvious commonalities to other co-occurring
contaminants. The authors also reported an estimated antimony mass of 0.1 b (0.05 kg)
accumulated on a 100-mile pipe length (160 km) (based on a 12-in. diameter pipe [30.5 cml]).
Theoretically, 60%—-85% of the scale deposit would need to be released to exceed the U.S.
EPA drinking water standard for antimony of 0.006 mg/L. Based on these results, the
accumulation of antimony (and its potential release) in distribution systems is not
considered significant relative to other inorganic contaminants.

Scale from lead service lines (N = 5) ranged from 2.54 mg/kg to 100 mg/kg and from an iron
service line (N = 1) was 0.78 mg/kg (Schock, 2005). Scale from 23 lead pipes from older
installations (dating from 1880 to 1947, and 2 unknown dates) had a range of 11.3 mg/kg to
292 mg/kg (Kim and Herrara, 2010). Friedman et al. (2016) analyzed 13 opportunity samples
(those that became available including those from water meters, pipes and filters) with a
range of O to 168 mg/kg. Antimony accumulation is thought to be due to surface
adsorption and co-precipitation reaction with soluble Sb(OH),” which is in anionic form at
the pH typically found in the distribution system (Friedman et al,, 2010).

Clement and Carlson (2004) investigated the distribution system of the Park City, Utah
drinking water system discussed previously (see sections 4.2.1.1 and 4.2.1.2). At the time of
this study, the drinking water system was supplied by several sources, including one of the
historic mine tunnels (not specified). The source water had an antimony concentration of
0.0066 mg/L, mainly in soluble form, and had no physical treatment but was chlorinated
prior to entering the distribution system. Samples from the distribution system were taken
during a flushing exercise. It was found that the antimony concentration continued to rise
throughout the system and reached 0.027 mg/L after ten minutes, when sampling was
discontinued and maximum was not reached. The flushing concentration was 4 times
greater than the source water concentration. Scanlan (2003) analyzed sediment samples
from one reservoir from this same water system and had an average antimony content of
48 mg/kg. Another study examined 45 homes using random daytime sampling, with
presence of lead in at least part of the service line. A total of 135 samples were collected
and analyzed for antimony with a detection limit of 0.03 pg/L, and results showed a
maximum of 0.23 pg/L (Deshommes et al,, 2010). A third study investigated 16 water pipes,
in which all 401 samples were below the detection limit of 0.5 pug/L (Zietz et al,, 2015).
Deshommes et al. (2012) investigated 45 taps in a large facility, including 9 basement taps
that simulated dead ends due to their location and infrequent use. The water was sampled
after twelve hours of stagnation and samples from the basement taps had antimony
concentration of 8 pug/L, which authors stated was due to low frequency of use and no
flushing prior to sampling. The remaining taps had antimony concentration of 5 yg/L. The
authors noted a correlation between lead concentration and antimony that may be
attributed to lead release from brass and leaded solder.
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4.3.2. Leaching of antimony from non-lead based solder

Non-lead-containing solders are a potential source of antimony in drinking water (Fuge et
al, 1992; US. EPA, 2006). Two studies assessed the leaching of metals from copper pipes or
copper coupons with non-lead-based solders (tin/antimony, tin/silver and tin/copper/
silver) (Subramanian et al,, 1991, 1994). Different waters were tested and the tests were run
over long periods to evaluate the leaching under different scenarios. Subramanian et al.
(1991) evaluated three waters using copper pipes and took samples over a 90-day period.
The tests that were run with high-purity water and well water had antimony
concentrations below the detection limit of 1.2 ug/L for all solders tested. The test using
tap water had no detected antimony up to day 7, with antimony concentration then
increasing from day 14 to day 90 for tin/antimony solder. Another study by these same
authors using copper coupons with various non-lead-based solders was run with four
different test waters over a 28-day period (Subramanian et al, 1994). For all waters tested
and all types of solder, the antimony concentration remained below the detection limit of
1.2 ug/L. These studies overall showed no antimony leaching for most waters, with the
exception of tap water in Subramanian et al. (1991) which had some antimony leaching after
long contact times.

Accumulation of lead and other heavy metals in two distribution systems was studied
(Fuge et al, 1992). Three samples had antimony content ranging from 0.4 mg/kg to 1.7 mg/
kg. The authors stated that the antimony in the pipe solid was due to the solder present in
the system.

4.3.3. Leaching of antimony from brass materials

Plumbing devices that contain brass used in distribution systems or in premise plumbing
have the potential to impact drinking water quality. Non-leaded brass and lead-free brass
generally contain a maximum of 0.25% antimony and in some cases as high as 0.5%
(Sandvig et al,, 2007). A few studies were conducted to determine levels of antimony
leaching from different brasses (see Table 13) (Sandvig et al., 2007, 2012; Turkovi¢ et al.,
2014). Two of the bench-scale studies showed no antimony leaching with a detection limit
of 6 pg/L (Sandvig et al,, 2007) and 0.08 pg/L (Turkovic¢ et al,, 2014). Turkovi¢ et al. (2014)
stated that this may be due to the low antimony concentration in the brasses investigated.
A study using the NSF/ANSI Standard 61 testing protocol evaluated 10 non-leaded and
lead-free brass devices (Sandvig et al, 2012). The tests were conducted using 11 test waters
and mainly had results below the detection limit. The two test waters with the highest
occurrence of antimony leaching, up to 0.4 pg/L, were the NSF/ANSI Standard 61 Section 9
synthetic test water in which one was chlorinated and the other was chloraminated.
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Table 13: Antimony leaching tests from brasses

Material
tested

Waters tested

Testing Procedure

Reference

4 devices NSF/
ANSI 61
Section 9
devices¢

or chloramine.

testing protocol

Controlrun (N =32) —all <
0.5ug/L

Runs with test waters (DL =
0.01-0.5pg/L):

-19 detects/ N = 96

- Max concentration =
0.07 pg/L

- 2 devices all non-detect for
all waters

- 2 devices had detects for
6 waters

Brass
1. NSF/ANSI Standard rods submersed.
61 Section 9 “Dump and N = 42 .
7 brasses synthetic test water® | fill" protocol. Salng\(/)%;t
al.
2 Aggressive Water All samples < 6 ppb (6 pug/L)
leaching solution® changed 3x/week.
4 week exposure.
Control run (N = 66) - all <
0.5ug/L
Runs with test waters (DL =
. O.lpg/L):
6 devices -14 detects/ N = 198
NSF/A.NS| - Max concentration =
61 Section 8 041 ug/L
devices®© T Hg
- 4 devices all non-detect for
all waters
11 test waters with - 2 devices had detects for
varying pH, alkalinity. | NSF/ANSI 4 waters Sandvig et
Standard 61
Either chlorine al. (2012)
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Material

Waters tested

tested Testing Procedure Results Reference
Short-term
leaching tests in Detection limit = 0.08 pg/L
NSF/ANSI 61 Section accordance with No antimony leaching which
5 brasses 9 synthetic NSF/ANSI the authors stated may be
(4 non-leaded test water® gteaczidoar:g 6l QUfhtotDlow antimony content
and | leaded) test protocol. nine brasses. Turkovic et
Antimony al. (2014)
content: < 5“corner waters” Long-term Detection limit = 0.08 ug/L
0.001% to leaching tests
0.003% - representative of (experimental No antimony leaching which
~66% of distributed protocol of DIN the authors stated may be
water in U.S. EN 15664-1)¢ due to low antimony content
and Canada . in the brasses.
26-week period.

ANSI — American National Standards Institute; DL — detection limit; N — sample size; NSF — NSF International.

2 NSF/ANSI 61 Section 9 synthetic test water: alkalinity of 500 mg/L (+ 25 mg/L) as CaCO,; pH of 8.0 (+ 0.5); and free chlorine dosed at a
concentration of 2.0 mg/L (+ 0.05 mg/L).

® Aggressive leaching solution: synthetic; alkalinity of 10 mg/L as CaCO,; pH of 7.4; and chloramines 4.0mg/L CL,.

¢ Section 8 devices are in-line devices (for example, water meters, building valves).

4 Section 9 devices are end point devices (for example, drinking water fountains, faucets).

¢ Realistic simulation of the operating conditions of a dead-end line and of the consuming behaviour at a kitchen faucet.

4.4 Residuals management

Treatment technologies may produce a variety of residuals that contain antimony (for
example, backwash water, reject water/concentrate and media waste). The appropriate
authorities should be consulted to ensure that the disposal of liquid and solid waste
residuals from the treatment of drinking water meet applicable regulations. Guidance can
be found elsewhere (CCME, 2003, 2007).
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5.0 MANAGEMENT
STRATEGIES

All water utilities should implement a comprehensive, up-to-date risk management water
safety plan. A source-to-tap approach should be taken that ensures water safety is
maintained (CCME, 2004; WHO, 2011, 2012). This approach requires a system assessment to
characterize the source water; describe the treatment barriers that prevent or reduce
contamination; identify the conditions that can result in contamination; and implement
control measures. Operational monitoring is then established, and operational/
management protocols are instituted (for example, standard operating procedures,
corrective actions and incident responses). Compliance monitoring is determined and
other protocols to validate the water safety plan are implemented (for example, record
keeping and consumer satisfaction). Operator training is also required to ensure the
effectiveness of the water safety plan at all times (Smeets et al, 2009).

5.1 Control strategies

In water sources with higher than acceptable antimony concentrations, one or more
treatment options (see section 4.2) may be implemented. Non-treatment strategies such
as blending or alternative water supplies can also be considered. When the option of a
treatment technology is chosen, the species of antimony should be identified and pilot-
scale testing is recommended to ensure the source water can be successfully treated and
process design is established. Attention must be given to the water quality of a new source
prior to making any changes (i.e,, switching, blending, and interconnecting) to an existing
water supply. For example, if the new water source is more aggressive, it may cause
leaching of lead or copper in the distribution system.

As it is difficult to control the accumulation and release of antimony and other
contaminants of health concern in the distribution system, the control strategy should
minimize the antimony concentration that enters the distribution system from the
treatment plant. Generally, the distribution system should be managed such that drinking
water is transported from the treatment plant to the consumer with minimum loss of
quality. As source waters, treatment plants and distribution systems can differ significantly,
a system-specific control strategy would be necessary.

CANADIAN DRINKING WATER QUALITY

56 ANTIMONY



5.2 Monitoring

5.2.1. Source water characterization

Water sources should be characterized to determine if antimony is present. Monitoring of
source water should be conducted yearly. Authorities may consider reduced monitoring
when it has been demonstrated that antimony is not present and/or appropriate
treatment is in place.

5.2.2. Treatment

Where treatment is required to remove antimony, operational monitoring should be
implemented to confirm whether the treatment process is functioning as required

(i.e., paired samples of source and treated water to confirm the efficacy of treatment).

The frequency of operational monitoring will depend on the treatment process.

For example, if adsorption is used, at least quarterly monitoring should be conducted or a
method to estimate BVs to breakthrough should be used to predict the need for

media replacement.

5.2.3. Compliance monitoring

When treatment is in place for antimony removal, it is recommended that compliance
monitoring for total antimony be conducted annually, at a minimum, to confirm the MAC
is not exceeded. Samples should be collected after treatment prior to distribution
(typically at the entry point prior to the distribution system) and analyzed by an
accredited laboratory.

5.2.4. Distribution system

Like other inorganics, antimony can accumulate in distribution systems and later be
released. Consequently, monitoring should also be conducted throughout the distribution
system when antimony is or was historically present in the source and/or distributed
water. Monitoring programs should be designed on a system-specific basis to verify that
control strategies are operating as intended and consider risk factors that contribute to
the likelihood that antimony may be elevated within the drinking water system. Factors
that influence antimony accumulation and mobilization, such as changes to water
chemistry and physical/hydraulic disturbances in the distribution system, could be used as
indicators of when and where to monitor for antimony release.
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Monitoring for total antimony and other contaminants (for example, iron, manganese,
arsenic and lead) should be conducted when water quality changes or physical disruptions
occur in the system. The release of antimony and other contaminants may be indicated by
the presence of discoloured water or increased turbidity resulting from the release of
deposits or scales present on the pipe wall. Customer complaints related to discoloured
water episodes can also be an indication of the need to undertake water quality sampling.
The number and location of sites for monitoring of antimony in the distribution system,
including sampling at the tap, should take into consideration the site-specific
accumulation and release risk factors. However, the absence of discoloured water does not
mean that there are no metals being released.

Water utilities that have baseline data indicating that antimony is not present within the
distribution system may conduct less frequent monitoring.

5.2.5. Residential

Households with private wells are encouraged to have their water tested for total
antimony to ensure that the concentration in their water supply is below the MAC.

In addition, homeowners with private wells using residential treatment devices should
conduct routine testing on both the water entering the treatment device and the treated
water to verify that the treatment device is effective.
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6.0 INTERNATIONAL
CONSIDERATIONS

Other national and international organizations have drinking water guidelines, standards
and/or guidance values for antimony in drinking water. Variations in these values can be
attributed to the age of the assessments or to differing policies and approaches, including
the choice of key study and the use of different consumption rates, body weights and
source allocation factors.

Table 14: Comparison of international drinking water values for antimony

NOAEL/
Value Key Endpoint LOAEL (mg/
Agency (Year) (mg/L) (Reference) kg bw per
day)
Liver effects:
Health Canada ahisokaryosis;
- MAC 0006 | Plochemicalchanges | 464 (NnoAEL) | 300 | 00002 | 74 | 153 | 30
related to liver
(2022) histological changes
(Poon et al,, 1998)
Decreased lifespan,
U.S. EPA-MCL increased blood 0.0004
0.006 | glucose and 0.43 (LOAEL) | 1000 70 2 40
(1992, 2018) cholesterol (RfD)
(Schroeder, 1970)
Reduced body
WHO weight gain and
0.02 reduced food and 6 (NOAEL) 1000 | 0.006 60 2 10
(2003) water intake in rats
(Poon et al., 1998)
Decreased lifespan,
Australia altered blood
(NHMRC and 0.003 | glucose and 0.43 (LOEL) 500 N/A 70 2 10
NRMMC, 2011) cholesterol
(Schroeder, 1970).
EU
0.01 N/A N/A N/A N/A N/A N/A N/A
(2020)

AF — Allocation factor; BW — Body weight; DW -- Drinking water; LOAEL — Lowest observed adverse effect level; LOEL - Lowest observed
effect level; MAC - Maximum acceptable concentration; MCL - Maximum contaminant level; N/A — Not available; NOAEL - No observed
adverse effect level; RfD — Reference dose; TDI - Tolerable daily intake; UF — Uncertainty factor.
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7.0 RATIONALE FOR
MAXIMUM ACCEPTABLE
CONCENTRATION

Antimony naturally occurs in the environment in the form of organic and inorganic
compounds. Antimony enters the environment from natural emissions and anthropogenic
activities, with coal combustion, mining and smelting being the most important sources of
anthropogenic release. Antimony may enter drinking water from plumbing solders in
drinking water distribution systems.

Oral exposure to antimony may induce adverse effects mainly on the gastrointestinal tract
and the liver. Kidney, cardiovascular, metabolic, and developmental adverse effects have
also been reported in the literature.

The derivation of the HBV of 0.003 mg/L (3 ug/L) is based on a form of antimony that is
more soluble (and thus more bioavailable) than those forms occurring in drinking water. It
is not possible, based on the available science, to quantify the potential health benefits
from reducing the current MAC of 0.006 mg/L (6 pg/L) to the updated HBV, but it is not
expected to significantly increase health protection. Given this fact and the anticipated
treatment challenges associated with lowering the MAC, particularly for private wells and
for small systems, the Federal-Provincial-Territorial Committee on Drinking Water used a
risk managed approach that reaffirms the MAC of 0.006 mg/L (6 ug/L) for total antimony in
drinking water.

The MAC is expected to be protective of all forms of antimony in drinking water. As part of
its ongoing guideline review process, Health Canada will continue to monitor new research
in this area and recommend any changes to this guideline technical document that it
deems necessary.
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APPENDIX A: LIST OF
ABBREVIATIONS

ANSI
APT

As
ATO
ATSDR
BV

BW
CAS RN
ECCC
Fe

FC

Gl

HA
HBV
IARC
ICP-MS
In-situ FeOxHy
LD50
LOAEL
LOEL
MAC
MCL
MDL
Mn
MRL

N

NC
NOAEL
NOM

American national Standards Institute
Antimony potassium tartrate

Arsenic

Antimony trioxide

Agency for Toxic Substances and Disease Registry
Bed volume

Body weight

Chemical Abstract Service registration number
Environment and Climate Change Canada

lron

Ferric chloride

Gastrointestinal

Humic acid

Health-based value

International Agency for Research on Cancer
Inductively coupled plasma mass spectrometry
Freshly prepared ferric hydroxide

Oral median lethal dose

Lowest observed adverse effect level

Lowest observed effect level

Maximum acceptable concentration

Maximum contaminant level

Method detection limit

Manganese

Method reporting limit

Sample size

Not calculated

No observed adverse effect level

Natural organic matter
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NSF NSF International

NTU Nephelometric turbidity unit

OEHHA Office of Environmental Health Hazard Assessment (California EPA)
Pb Lead

PET Polyethylene terephthalate

POD Point of departure

RO Reverse osmosis

ROS Reactive oxygen species

SA Spontaneous abortion

Sb Antimony

Sb(ll) Trivalent antimony

Sb(V) Pentavalent antimony

SCC Standards Council of Canada

TDI Tolerable daily intake

TiO2 Titanium dioxide

TMP Transmembrane pressure

U.S. EPA United States Environmental Protection Agency
WHO World Health Organization
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APPENDIX B: CANADIAN
WATER QUALITY DATA

Table B-1: Total antimony concentrations for select river basins across Canada, from
Environment Canada’s long-term monitoring data (2000-2015)

Number Number 90th

River Basin of of SR it Percentile UL
Samples Detectsa (g/L) (wg/L) (pg/L) (hg/L)
Maritime Coast 2139 1669 0.03 0.03 0.05 0.29
Newfoundland- 2138 1669 0,015 0.0365 0.093 141
East Labrador
North Shore-Gaspé 52 51 0.007 0.0095 0.021 0.057
Saint John-St. Croix 158 156 0.04 0.0436 0.06 022
Central Winnipeg 109 109 0.059 0.0635 0.076 0.8
Assiniboine-Red 1036 1035 0.27 0.2938 0.4423 3.00
Churchill 346 346 0.024 0.0318 0.0433 0.861
Lower
Saskatchewan- 448 448 0.1335 0.1415 0.1941 0.398
Nelson
Prairie
Missouri 145 145 0116 0.1303 0.2082 0.431
North 545 540 0.08] 0.0969 02342 0438
Saskatchewan
south 880 874 0.037 0.0796 01858 104
Saskatchewan
Columbia 4191 4135 0.047 0.0617 0.119 0.693
Fraser 3 944 3916 0.047 0.05 0.083 339
Pacific Ol 1076 1070 0.053 0.0555 0.069 0.495
Similkameen
Pacific Coastal 2931 2903 0.022 0.0589 0142 132
Peace-Athabasca 817 809 0.069 0.0892 01852 0952
Arctic Coast 220 201 0.019 0.0443 0.1258 0.581
Keewatin-Southern 66 63 0.0l 0.0324 01095 0215
Arctic Baffin Island
Lower Mackenzie 1415 1409 0116 0.1495 0.255 672
Yukon 807 807 0102 0.1251 0882 0967

Source: ECCC (2017).
2 Method detection limit = 0.001-0.41 pg/L.
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Table B-2: Total antimony concentrations for select provinces groundwater monitoring
studies across Canada
# 90th

Years Source Detects/ & Al Percentile
(ug/L)

Jurisdiction

(MDL pg/L) Samples Detection | (pg/L)

Untreated tap water

British as well as samples
Columbia' | 20142018 | from disturbed 31/64 48 096 0.55 11.80
(0.02-1) locations (for
example, mines)
Manitoba? :
woEe | Feeueren snd 330/646 51 0.50 0.70 26.00
(0.1-2) observation wells
Nova
Scotia’ 1990-2019 | Groundwater studies | 45/1886 2.4 NC <DL 89.00

)

Various research

Quebec* projects (possible
1941-2014 | samplingin 82/909 9.0 NC <DL 9 400
(0.1-6) groundwater of
poor quality)

DL - detection limit; < DL - below detection limit (when 90t percentile with < 10% detects); MDL -- method detection limit; NC - not
calculated (when % Detection is < 40%).

! British Columbia Ministry of Health (2019).

2 Manitoba Sustainable Development (2019). Data ranges from 2000-2018.

* Nova Scotia Environment (2019).

“ Ministére du Développement durable, de l'Environnement et de la Lutte contre les changements climatiques du Québec (2019).
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