- A Canadian Soil Quality Guidelines TRIVALENT,
P—=\ for the Protection of HEXAVALENT AND
Environmental and Human TOTAL CHROMIUM

\ Health
~— ’{

anadian Soil Quality Guidelines (CSoQGs) are numerical concentrations ‘Qr/ narrative

2 statements that specify levels of toxic substances or other paramet %»soil that are
recommended to maintain, improve or protect environmental qualit human health.!

They are developed using the procedures described in A4 Protocoéé)the Derivation of
Environmental and Human Health Soil Quality Guidelines (CCME 20& ensure scientifically

defensible values that are consistent throughout Canada.

The CSoQGs presented in this factsheet are intended as generi (%énce. Site-specific conditions
should be considered when applying these values; see C@%@ for specific guidance on
developing site-specific soil quality objectives or ¢ It¥local jurisdictions for applicable
implementation procedures. CCME (2006) provides @ implementation guidance pertaining
to the generic guidelines. Soil Quality Guidelines areNcalculated to an approximate “no- to low
effect” level (or threshold level) based only on e/tf)xicological information and other scientific
data (fate, behaviour, etc.) available for the uﬁ&nce of interest. The guidelines do not consider
socio-economic or technological factors. managers should consider these non-scientific

factors at the site-specific level as part risk management process.

This fact sheet provides Canadia@&il quality guidelines for the protection of human health
(CSoQGmn) for both trivalent )) and hexavalent (Cr(VI)) chromium and CSoQGs for the
protection of the environmen 0QGg) for total chromium (Cr(T) and Cr(VI)) (Table 1 and
Table 2). The CSoQGuu ¢ developed based on CCME’s 2006 protocol. The CSoQGgs were
developed based on &{ s 1996 protocol. Scientific supporting documents describe the
derivation of the C Grin (CCME 20XX) and CSoQGe (CCME 1999).

In many circu@es, only data on Cr(T) in soil are available. These data can be compared to
the CSoQG%_for” Cr(T) or the CSoQGuu for Cr(Ill), because the majority of environmental
i r) is expected to be present as Cr(IIl) compounds. CSoQGes for Cr(T) are expected
to be ctive of sites where Cr(VI) accounts for only a small component of Cr species.
teal measurement of Cr(VI) in soil is strongly recommended for any site potentially
minated by activities involving Cr(VI).

' Soil guidelines and the data used to calculate them are, by convention, always expressed on a dry weight basis to allow the data to
be standardized. In case of doubt, or if the scientific criteria document does not specify whether wet or dry weight is used, readers are
advised to check the references provided.
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Table 1. Soil quality guidelines for hexavalent chromium (Cr(VI)) in surface soil (mg-kg dry weight

[dw]*)?
Land use
Agricultural Residentiall Commercial Industrial
parkland
Guideline” 0.4 0.4 14 14

CSoQGHH

ILCR 106 18 18 18 18 %

ILCR 10 70 70 106 6&
CSoQGe® 0.4 0.4 14 CN

ILCR = incremental lifetime cancer risk.

a8 See table 6 for more details on the selection of CSoQGHH and CSoQGeg, including compo@
values.

b Data are sufficient and adequate to calculate a CSoQGrH and a provisional CSOQGE.& il quality guideline is the

Notes: CSoQGe = soil quality guideline for environmental health; CSoQGh+ = soil quality guideling for‘hufman health;
.sa

lues and check

lower of the two and the CSoQGnH represents a fully integrated guideline.
¢ CSoQGe taken from CCME (1999 update). < \«
Table 2. Soil quality guidelines for trivalent chromium (Cr(lll)) an I chromium (Cr(T)) in surface
soil (mg-kg dw')? <
Lan
. Residential/ . .
Agricultural parklanQ Commercial Industrial
b y
Guideline 64 64 87 87
CSoQGHH (Cr(lll)) 26 000 4&000 86 000 96 000

\) 64 87 87

mental health; CSoQGhH = soil quality guideline for human health.
CSoQGHH and CSoQGe, including component values and check

CSoQGe*® (Cr(T)) 64
Notes: CSoQGe = soil quality guideline for envij

a See table 5 for more details on the selectio
values.

b Data are sufficient and adequate to e a CSoQGHH and a CSoQGe. The soil quality guideline is the lower of

the two and it represents fully inte uidelines.
¢ CSoQGe taken from CCME (19 e).

Background Informati

Chromium (C@OA%Z%) is a naturally occurring element, although elemental chromium—
meaning chrom in its pure form (Cr(0)—does not appear in nature (Shupack 1991); rather, it
occurs in%q9 ound forms. Chromium can exist in nine different oxidation states (from -2 to +6)

(Kumr 7). Under ambient conditions, only the Cr(IIT) and (Cr(VI)) oxidation states are stable
eno be of environmental or toxicological importance. Chromium is most commonly found
1 r(IIT) state in environmental media, and can occur in ores such as chromite (FeCr204)

(APSDR 2012; EC/HC 1994). Hexavalent chromium only occurs naturally in crocoite (PbCrOa)
(ATSDR 2012).

The principal source of Cr(VI) in the environment is anthropogenic pollution; it rarely occurs
naturally due to its affinity for organic matter and other reducing substances (US EPA 1984;
Jaworski 1985; Bartlett and James 1988; Hammond 2002). Cr(V]) is a strong oxidizing agent, and
therefore is not stable in the environment unless redox potential is high (Rai et al. 1989). It forms
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different tetrahedral oxo species (CrO3™, HCrO,, or Cr2027) depending on the pH and the Cr(VI)
concentration (Kumral 2007). In solution, Cr(VI) exists as an anion and is thus quite mobile in the
environment (Saleh et al. 1989).

Chromium 1is typically present only in trace amounts (i.e., <3400 mg/kg) with an average
concentration of 125 mg/kg in the continental crust (Adriano 2001). Chromium is found in
ultrabasic and basic rock, particularly feldspar minerals (Nriagu and Nieboer 1988). Among the
minerals containing chromium as a major constituent, chromite (FeCr204) is the most coma)kn.
Natural chromium levels in igneous rock vary from 13 mg/kg (granitic rock) to 18 g’kg
(ultramafic or basic and serpentine protolith rock) (Brookes 1987; Oze et al. 2004).

resources are geographically concentrated in Kazakhstan and South Africa (| 2012). Ore-
grade chromite has been identified at more than 250 locations in Canada,<with the ore resources
estimated to be about 20 million tonnes (EC/HC 1994).

The only commercial source of chromium is chromite ore. About 95% of the &s chromium

The three principal industrial applications for chromium are meta , refractory and chemical
processes. The main use of chromium in the metallurgical 4 (]itry is for the production of
ferrochromium alloys such as stainless steel, high-speed st lloy cast irons and nonferrous
alloys. Chromium is used in the manufacture of refr {(ﬁbricks, furnace linings, mortars,
ramming mixtures for domestic iron and steel, port ement, glass, castables, and coating
materials to close pores and to join bricks in furnace ngard 1982; US EPA 1984; Nriagu and
Kabir 1995; ATSDR 2012). /{ /

Chromium is generally present as Cr(IIl) in4soil, "and is only present as Cr(VI) when there is an
anthropogenic source. Data collected fror%d)gical surveys conducted across Canada provided
the information used to identify a backg@1 soil concentration for Cr(T) for Canada of 42 mg/kg.
Chromium in soil is expected to esent mainly as Cr(IIl) considering that is the most stable
oxidation state. Based on this i ation and the data on Ontario’s typical range for chemical
parameters in soil (OMOE‘I@, Cr(VI)/Cr(T) fraction of 2% is assumed for Canadian soils.
Therefore, the backgroun% oncentration for Cr(VI) is estimated at 0.84 mg/kg.

Databases from three Cattadian provinces (Ontario, Saskatchewan and Newfoundland and Labrador)
were consulted to @H data on background drinking water concentrations. Based on the available
data, a backgro nadian drinking water chromium concentration of 1.49 pug/L (arithmetic mean,
SD=34p % 14 633) was estimated.

CCME &6) recommends analytical methods for (Cr(T)) and Cr(VI). Cr(III) is calculated from
the gdifférence of Cr(T) and Cr(VI). When reporting method detection levels (MDL) or lower
ing limits (LRL) for samples determined this way, normally the MDL and LRL for Cr(T)
aresed. However, if Cr(VI) is >1/3 Cr(T), the confidence of detection is reduced and the limit of
detection should be increased to reflect this uncertainty. Refer to CCME (2016) for guidance.

Draft for Review Only — Do not Cite or Copy 3



81

82
83
84
85
86

87
88
89
90
91
92
93
94

95
96
97
98
99
100
101
102
103
104
105
106

107
108
109
110
111
112

113
114
115
116
117
118

119
120
121

Environmental Fate and Behaviour in Soil

Chromium occurs naturally in trace amounts in rocks and soils as relatively inert Cr(III) solid
phases. It is released into the aquatic environment in limited quantities by the weathering and
erosion of these materials. Anthropogenic pollution is the other major source of chromium in the
environment and the principal source of Cr(VI). As an element, chromium is not biodegradable
and consequently is persistent in the environment (Bartlett 1991; ATSDR 2012).

Nearly all of the chromium in soils (excluding those contaminated with Cr(VI)) (Bartlett ar‘gﬁ’fes
1988; Katz and Salem 1994), sediments (excluding those immediately below the i with
overlying aerobic waters) (Nriagu et al. 1993), and in biological tissues (Bartlett and\James 1988;
Nriagu et al. 1993) is likely to be present as Cr(III). However, Cr(VI) is the inant form of
dissolved chromium in surface waters (HC 2016). It is generally assumed that ) is not likely
to be present in waters of >pH 5 because of the low solubility of the hy @ oxide (HC 1986).
Cr(III) could nevertheless be elevated in some deep anoxic waters an(j\"\&v ers receiving direct
discharges of Cr(IlI)-containing wastes. Q

Chromium oxidation and reduction processes must be consideﬁ risk assessment. In addition
to standard modifying parameters (such as pH, organic mattef cation exchange capacity), the
oxidation (valence) state of the chromium species determi ‘eﬁm mobility, bioavailability, uptake
kinetics and toxicity and hence determines the overal sure risk. The difference between the
observed toxicity of Cr(VI) and Cr(Ill) species cag Jlargely be attributed to differences in
bioavailability. In the environment, Cr(III) tends, to bé associated with relatively inert solid phases
whereas Cr(VI) tends to form quite soluble co nds and does not readily adsorb onto particulate
matter (EC/HC 1994). Cr(II) can thereforea¢cumulate and persist in sediments and soils, but its
availability for uptake by biota may b. However, labile forms of Cr(III) may be oxidized
photochemically to Cr(VI) in aerobic %' e waters. Cr(VI), in contrast, can persist in bioavailable
forms in aerobic surface waters and% pore waters (EC/HC 1994), although it tends to be reduced
to the less mobile form of Cr(I r anaerobic conditions.

The fate of chromium in @greatly dependent upon its speciation, which is a function of redox
potential and soil pH [%' R 2012). Cr(IIT) dominates in most unpolluted soils, primarily as
insoluble hydroxidesyand oxides and adsorbed to particles (Bartlett and James 1988; Katz and
Salem 1994; Pul 1994; McGrath 1995) and is considered relatively immobile and stable in
most soils (O@ 1999). Cr(Ill) solids show increased sorption and immobilization with
increasing &p (practically insoluble at pH >4) (Puls et al. 1994; CCME 1999).

Relativ w oxidants are known to mediate the conversion of Cr(Ill) to Cr(VI) in the soil
envi ent and only a small percentage of the Cr(IIl) in soils is normally present in oxidizable
f@ Bartlett and James 1988). The rate of oxidation increases with decreasing pH and with
increasing surface-to-volume ratios (Eary and Rai 1989). Abiotic oxidation of Cr(III) to Cr(VI) is
also facilitated by the presence of moisture and small amounts of organic matter (Bartlett 1991;
Panichev et al. 2008).

Cr(VI) solids (except BaCrOa) are soluble and highly mobile within the soil environment (Bartlett
and James 1988). Cr(VI) added to or formed in soils can be removed from soil solution by uptake
into living organisms, adsorption, reduction to Cr(Ill), or leaching resulting in transfer to
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groundwater, where it is quite stable and can have a long residence time (Prokisch et al. 1997;
Bartlett and James 1988).

Cr(VI) adsorbs to clay minerals (Rai ef al. 1989; Zachara et al. 1989). Cr(VI) adsorption increases
with decreasing pH, as a result of protonation of surface hydroxyl sites on clay (Zachara et al.
1988; 1989). Adsorption can inhibit or completely prevent the reduction of Cr(VI) to Cr(Ill) in
some soils (Bartlett and James 1988). Factors influencing the reduction of Cr(VI) to Cr(III) in soil
include soil pH, the presence of electron donors, and soil oxygen. Cr(VI) reduction increases with
decreasing soil pH (Bartlett and Kimble 1976; Bloomfield and Pruden 1980; McGrath)1995;
Bartlett 1991; Eary and Rai 1991). A lack of appropriate electron donors significantly s (VI
to Cr(III) reduction in soils (Palmer and Wittbrodt 1991). Reduction of Cr(VI) is enér}ced under
anaerobic conditions (Bloomfield and Pruden 1980; Bartlett 1991; Losi ef al. 1 ). Oxygen is
believed to inhibit Cr(VI) reduction through direct competition for electron s (Losi et al.
1994b). Therefore, waterlogged soils may enhance reduction due to redurQS)z competition and
because of lower soil pH (Losi ef al. 1994a; b).

environmental media. Based on a review of this data, Cr(VI)/C tios have been estimated for
environmental media; these were used to calculate esti daily intakes for the human
population to derive CSoQGs for Cr(VI) and Cr(III). Th@ ed fractions of Cr(VI) and Cr(III)

A review of the literature has identified concentration dat§ &) speciated chromium in

are presented in Table 3.

Table 3. Assumed fractions of Cr(lll) and Cr(VI) in dyfe;ent environmental media used to develop

CSOQGHH
Medium cr(lll) % cr(Vii&% Y
Soil 98 %
Drinking water 0
Outdoor air 80
Indoor air 80 0
Dust 90 10
Breast milk 100 0
Food 90 ® 10

« L4
\
Soil Microbial Processe&'

Fenke (1977) ¢ %the toxicity of Cr(III) and Cr(VI) to microbial-mediated soil processes and
determined Cr to be a more effective inhibitor of nitrification than Cr(III). Cr(VI) temporarily
inhibited ification at concentrations of 60 and 120 mg/kg dw, but the rate of nitrification

g@ormal after 100 days of incubation. However, the 240 mg/kg dw treatment of Cr(VI)
inhibi itrification beyond 100 days. In contrast, 180 mg/kg dw of Cr(IIl) slightly enhanced

ited by 59 to 96% 10 days post-treatment in three different soils treated with 50 umol of
CrCls.

The ECso for reduced soil respiration in five types of soil was >5000 mg/kg dw (Doelman and
Haanstra 1984). SkujinS$ et al. (1986) reported an ECso of >200 pg Cr(I11I)/kg dw for soil respiration
inhibition following a 20-day incubation. Chang and Broadbent (1981) reported a 45% decrease
in cumulative COz evolution at 50 mg/kg dw. Drucker et al. (1979) reported that 1 mg Cr(VI)/kg
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dw significantly reduced respiration after 13 days of exposure. After 24 days, the NOEC was
10 mg Cr(VI)/kg dw, with respiration being significantly reduced at 100 mg Cr(VI)/kg dw.

Terrestrial Plants

Chromium is a natural component of plant tissues, although concentrations vary considerably
between different plant species, plant tissues and soil types. Concentrations in shoots of plants
grown on uncontaminated soil usually do not exceed 0.5 mg/kg dw. Whole plant conce ﬂst
>3 mg/kg dw indicate possible contamination or increased accumulation (Williams lﬁanus
and Krajnc 1989). There are reported cases of plants growing on serpentine soils that@ ulated
tissue chromium concentrations as high as 100 mg/kg dw, but plants rarely ex¢eed-this value

(Brookes 1987). Q

Although it is well established that Cr(III) is essential to animal nut "%))the essentiality of
chromium to plants has yet to be determined. Detectable concentratio &hromium are found in
plants, and there is some evidence that Cr(IIl) has stimulatory effec‘é} plant growth and yield
(Mertz 1969; WHO 1988).

Many studies have demonstrated that chromium uptakeﬂ%m soils or nutrient solution and
translocation to plant cells is very low. Thus, concentratigfs of chromium in the edible portions of
the plant remain low, even when grown in chro&comaminated soil (Patterson 1971;
Cunningham et al. 1975a; b; c; Cary et al. 1977a; b; Dowdy and Ham 1977; Lahouti and Peterson
1979; Sykes et al. 1981; de Haan et al. 19%;. /fn general, roots contain higher chromium
concentrations than stems, leaves or fruit (W{liﬁl s 1988).

The visual symptoms of chromium tox jury to plants include chlorosis, stunted growth, curled
and discoloured leaves, and poorl@@ed root systems (NRCC 1976).
i

The lowest soil concentrations @( ) at which phytotoxic effects have been observed are 21 and
31 mg/kg, resulting in a 50% ded¢ease in the yield of tomatoes and oats, respectively (Adema and
Henzen 1989). Radish andettuce seed germination was reduced by 50% at concentrations ranging
from 81 to 397 mg/kg onment Canada (EC) 1995a; b).

The lowest soil c&rations of Cr(VI) at which phytotoxic effects have been observed are 1.8
and 6.8 mg/k ettuce and tomatoes, respectively, which resulted in 50% yield reductions
(Adema an%e en 1989). A 50% reduction in a variety of growth endpoints has been reported
at concen@i ns ranging from 1.8 to 67 mg C(VI)/kg.

rial Invertebrates

Heavy metals are generally absorbed across the intestinal walls. Some metals (e.g., lead) are also
absorbed through the skin. Hall (1988) proposed that the mucoid coat surrounding the earthworm
Acini fatuity can bind and retain heavy metals. This mucous may in fact prevent cuticular exposure
to heavy metals (Hall 1988).

Draft for Review Only — Do not Cite or Copy 6



192
193
194
195

196
197
198
199
200
201
202

203
204
205

206

207

208
209
210
211

212
213
214
215

216
217
218
219

220
221
222

223
224
225

Ma (1982) studied the uptake of heavy metals by three species of earthworms (4llolobophora
caliginosa, Lubricus rubellus and Dendrobaena rubida) in six different soils. Chromium behaved
similarly in all soils and did not significantly accumulate in any of the three species. Ma concluded
that the lack of chromium accumulation reflected its decreased bioavailability to earthworms.

Van Gestel et al. (1993) examined the bioaccumulation and elimination of Cr(Ill) nitrate
(Cr(NO3)3) in Esenia andrei (earthworm) in an artificial soil substrate. Tissue concentrations
(ranging from 0.8 to 18 mg/kg dw) at the three highest chromium levels were significantly
different from those in the control earthworms. Bioconcentration factors (BCF) values(anged
between 0.031 and 0.19 (from lowest to highest dose level) for the exposed worms an @ .048
in the control soil. At the end of the three-week recovery period, chromium concentratéty returned
to normal in all dose groups (0.3 to 1.1 mg Cr/kg dw).

The growth and cocoon production of the earthworm FEisenia andrei is antly reduced at
1000 mg Cr(IIl) nitrate/’kg dw (Van Gestel et al. 1992). Soil conce s resulting in 50%
mortality of the earthworm Eisenia fetida range from 671 to 1400 m C 1995a; b).

No studies reporting the toxicological effects of Cr(VI) on soil bégebrates were found.

Livestock and Wildlife :

The major source of exposure to chromium for w@blrds and mammals is food ingestion.
Gastrointestinal chromium absorption is gener lot (Taylor and Parr 1978; Halford e al. 1983).
Cr(VI) compounds are generally absorbed %he gastrointestinal tract more efficiently (2 to
10% of dose) than inorganic Cr(III) comg% (0.5 to 3%).

however, the absorption of inhale mium appears to be greater than that of ingested chromium.

Approximately 12% of 1nhaled§}[ and 30% of Cr(VI) are absorbed by the epithelial lining of

the lungs (Outridge and Sc mer 1993).

Following oral expos Q&r(HI) the liver is the principal site of chromium accumulation. In

contrast, Cr(VI) is 1de1y distributed within the kidneys, spleen, liver, lungs and bones
él

Inhalation may be generally less im g 1@( as a route of uptake than dietary sources. In contrast,

(Outridge and ammer 1993). Long-term chromium exposure results in significant
chromium acc on in bone tissue (Fitzgerald et al. 1985).

Few stud%%éve examined the toxicological effects of chromium on wildlife, bird species or
livesto controlled experiments, and none of these studies have involved animal exposure from
the vironment

No” observable effects levels (NOAELs) for chromium range from 5.5 mg/kg bw/d for

histopathological changes in dogs, cats and rabbits to 200 mg/kg fresh weight for fright stimulus
in black ducks (EC 1999).
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Human and Experimental Animal Health Effects

Trivalent and hexavalent chromium are absorbed via oral, inhalation and dermal routes. The
amount of chromium absorbed into the bloodstream and eventually distributed to tissues depends
on the oxidation state (Cr(III) vs Cr(VI)), exposure route, chemical and physical properties (e.g.,
solubility, particle size), physiological characteristics of the individual exposed (e.g., age, gastric
pH) and, in the case of oral absorption, interactions with other dietary components. Meij%red

absorption of dietary chromium (occurring mainly as Cr(Ill)) has ranged from 0.4 to 2% in
humans, although absorption in the range of 0.7 to 5.2% chromium in the form of picolihate (Cr
(IIT) dietary supplement) has been observed (Anderson and Kozlovsky 1985; WHO 1 earns
et al. 1995).

In general, soluble chromium compounds are better absorbed than insoluble @nd Cr(VI) is
more easily absorbed than Cr(III) (ATSDR 2012; Cohen 2009). Note, @ever, that a major
determinant of Cr(VI) absorption is the extent of its initial red@) to Cr(IIl) in the
gastrointestinal (GI) tract (Sasso and Schlosser 2015; De Flora 2000y, imvthe respiratory tract (De
Flora 2000) or on the skin (Cohen 2009). This initial reductiondgreatly reduces the amount of
Cr(VI) available for absorption into the bloodstream. Reducti 9%city appears to be greater in
the GI tract compared to the respiratory tract (Proctor @014). With respect to dermal
absorption, Cr(VI) is largely reduced to Cr(Ill), butsabsorption of Cr(VI) may increase
considerably if the skin is damaged, as documented 4 es of chromic acid burns in workers
(Cohen 20009). Q

/
Once absorbed, chromium distributes to nearly=all tissues, with the highest concentrations found
in the kidney and liver. Absorbed Cr(VI) 4 table and will be reduced to Cr(V), Cr(IV) and
ultimately Cr(III). This process can pro ctive intermediates and result in chromium adducts
with proteins and DNA. In blood, Cr is taken up by the red blood cells, where reduction
products form complexes with he obin and other proteins. Absorbed chromium is primarily
eliminated in the urine, but sec excretion of small amounts may occur via the bile and feces

(ATSDR 2012). Q

The acute toxicity of cn@ﬁn compounds in orally exposed experimental animals increases with
solubility, with Cr(Ml) being more toxic than Cr(III). Lethal dose causing 50% mortality (LDso)
values for Cr(III %‘been reported at approximately 200 mg Cr(IlI)/kg for soluble compounds
administered t@nd 2400 mg Cr(IlT)/kg for less soluble chromium acetate (ATSDR 2012). In
contrast, fo;gf I) compounds, reported LDso values are generally an order of magnitude lower

;7 European Chemicals Bureau 2005). No LDso values have been reported for dermal
exposure in experimental animals. Limited information is available on the acute
chromium in humans. In all cases of fatality, highly water-soluble forms were implicated
a@ ses, when estimated and reported, were in the range of 4 to 360 mg Cr(VI)/kg (ATSDR
2012). Case reports of brief high exposures to Cr(VI) via inhalation indicate effects on the
respiratory and GI systems, including irritation and skin ulcerations (Cohen 2009). Sensitization
and allergic contact dermatitis have been reported in workers and, to a lesser extent, in the general
population. Little information is available on acute toxic effects from Cr(IlI); however, contact
dermatitis has been reported, particularly in workers (Cohen 2009).

—_—
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Most chronic and subchronic toxicity studies in experimental animals have been carried out for
oral exposure, and for Cr(VI) rather than Cr(Ill). The most influential chronic and subchronic
studies with respect to the development of soil quality guidelines are the National Toxicology
Program (NTP) rat and mouse drinking studies (NTP 2007; 2008), involving exposures to Cr(VI),
as well as the NTP (2010) rat and mouse dietary studies involving exposures to Cr(III). In general,
chemical-related effects associated with Cr(III) oral exposure did not demonstrate toxicity at the
doses evaluated. On the other hand, oral exposure to Cr(VI) was determined to cause GI tract
lesions in rats and mice, as well as squamous cell carcinoma in the oral mucosa in rats and eancer
of the small intestine in mice. The most sensitive effect (i.e., the effect occurring at t est
dose) was diffuse hyperplasia in the small intestine of mice (NTP 2008). Health (HC
2016), based on an analysis of evidence relevant to the Cr(VI) mode of action, considers diffuse
hyperplasia of the small intestine to be a precursor of tumour formation caused b@;(\/l).

With respect to inhalation, a limited number of subchronic studies of«Cr(IIT) and Cr(VI) in
experimental animals have shown respiratory tract lesions (Glaser et 5; 1990; US EPA
2010; ATSDR 2012). No studies on chronic exposure to Cr(IIl) via i@ion were identified and
only a limited number have been carried out for Cr(VI). These indicatéthat Cr(VI) is carcinogenic
to experimental animals, resulting in significant increases in lu@ ours (Steinhoff et al. 1986).

In humans, non-neoplastic respiratory lesions and res '2%/ cancers have been reported in
epidemiological studies of workers exposed to airborne I) (Mancuso et al. 1975; 1997; Crump
et al. 2003; Gibb et al. 2000a; b). Non-cancer effe n the respiratory system include nasal
lesions, throat irritation, rhinitis and decreased pulmonary function reported in people employed
in chrome plating and chromate production. Tm%y concern identified in epidemiological studies

rkers exposed to Cr(VI) (chromate production

was elevated incidence of lung cancer i
workers).

The toxicological reference ValueﬁVs) for Cr(III), retained by different authoritative health
organizations, include TRVs fq%‘é shold effects resulting from oral and inhalation exposures.
For Cr(VI), TRVs for threslllﬁg cts resulting from oral exposure and TRVs for both threshold
and non-threshold effects iated with inhalation have been developed.

on the absence of at the highest dose tested in a rat study (Ivankovic and Preussman 1975).
Although the /A completed their assessment prior to the NTP (2010) chronic oral exposure
study on C@he RfD is consistent with the findings of this later study and remains the most
relevant I%;C ogical reference value (TRV) of those published by authoritative health agencies.
Based results of a subchronic inhalation exposure study in rats (Derelanko et al. 1999),
ATS@ZOIZ) provided a minimal risk level (MRL) of 0.1 ug/m? for protection of non-cancer
resulting from intermediate duration inhalation exposures. This TRV is considered the most
appfopriate for evaluating chronic inhalation risks of Cr(III).

With respect to Cr(IE!)%US EPA (1998b) provided an oral reference dose (RfD) that is based

With respect to Cr(VI), Health Canada (HC 2016) derived a tolerable daily intake (TDI) of
2.2 ng/kg bw/d, based on the NTP (2008) study, for protection against non-cancer effects
(gastrointestinal lesions). A mode of action analysis indicates that this TRV would also protect
against cancer (HC 2016). Based on respiratory lesions observed in rats (Glaser et al. 1990), US
EPA (1998a) derived a reference concentration (RfC) of 0.1 pg/m* for protection against non-
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cancer effects resulting from inhalation exposures. Health Canada (EC and HC 1994) derived an
inhalation unit risk of 0.076 (ug/m?)! based on lung cancer incidence among workers at an Ohio
chromate production plant (Mancuso 1975).

Guideline Derivation

Soil Quality Guideline for Environmental Health 1

Environmental soil quality guidelines (SoQGgs) are derived following CCME (1996), a ailed
derivations are provided by Environment Canada (1999). They are based on soil contgct tising data
from toxicity studies on plants and invertebrates. In the case of agricultural la soil- and
food-ingestion toxicity data for mammalian and avian species are included. T %’de a broader
scope of protection, a nutrient and energy cycling check is calculated. For 1a1 land use, an
off-site migration check is also calculated. %

For all land uses, the preliminary soil contact value (also called the th@ 1d effects concentration
(TEC) or effects concentration low (ECL), depending on the land tse) is compared to the nutrient
and energy cycling check. If the nutrient and energy cycling @ is lower, the geometric mean

of the preliminary soil contact value and the nutrient and e y-cycling check is calculated as the
soil quality guideline for soil contact. If the nutrient an. rgy cycling check is greater than the
preliminary soil contact value, the preliminary soil co@ alue becomes the soil quality guideline
for soil contact.
/

For agricultural land use, the lower of the sgil quality guideline for soil contact and the soil and
food ingestion guideline is recommendedég SoQGe.

For residential or parkland and co Ql land uses, the soil quality guideline for soil contact is

recommended as the SoQGe.

For industrial land use, th §)of the soil quality guideline for soil contact and the off-site
migration check is reco d as the SoQGe.

Total Chromlur@'ﬁ%m
In the case g g\?

T), the SoQGe for agricultural and residential or parkland land uses is based on

the geo ean of the preliminary soil contact value and the nutrient and energy cycling check.
For co c1al and industrial land uses, the SoQGe is based on the soil contact guideline
(Ta . The Cr(T) SoQGe can be used to address Cr(Ill) contamination, as most soils contain

inantly Cr(III), unless a specific Cr(VI) source is identified, in which case speciated soil
analysis is recommended.
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Hexavalent Chromium (EC 1999)

There are insufficient data to derive any of the environmental health guidelines or check values
for Cr(VI). There are, however, sufficient data to derive a provisional SOQGe based on soil contact
for plants (Table 6).

Soil Quality Guidelines for Human Health 1

In the derivation of human health soil quality guidelines (SoQGun) for chromium, it wam sary
to identify TR Vs (tolerable concentration (TC), tolerable daily intake (TDI), and an i on unit
risk (IUR)) for inhalation exposure (Table 4). The SoQGun is based on the most sensitsve receptor

designated for each land use. Q
Table 4. Toxicological reference values for chromium A

Species TDI (threshold oral and  TC (threshold inhalation)  IUR ﬁbq;tﬁreshold inhalation)

dermal) pg/kg bw/d pg/m3 (* (ug/ms)y?
)
Cr(ll 1500 0.1 & Not applicable
Cr(VI 2.2 0.1 7 7.6x10?2
Vv Q)

CCME recommends the application of various check hanisms, when relevant, in order to

provide a broader scope of protection (Table 5 and? € 6). An off-site migration check was
completed to ensure that concentrations of chromiu one site would not cause concentrations
on an adjacent site to exceed guideline values,for a site with a more restrictive SoQG. Since no
appreciable bioconcentration or biomagnification 6f chromium is anticipated, a produce, meat and
milk check was not performed. No guide@he protection of potable groundwater (SoQGpw)
was derived because the procedure fi ivation of SoQGrw is not applicable to inorganic
substances (CCME 2006). Sinceq ghromium is not expected to volatilize under ambient
environmental conditions, no guidehnes for the protection of indoor air quality or soil vapours
were calculated. \

The lowest of the calc @human health guidelines and check values is recommended as the
CSoQGuH. The CSoQ for Cr(III) and Cr(VI) are therefore based on protection against cancer
risks via the inha f soil particles for all land uses when applying an incremental lifetime
cancer risk (IL 10®°. The CSoQGHH is also based on the protection against cancer risks via
inhalation or.foXindustrial land uses for an ILCR of 10~. For agricultural, residential or parkland,
and com@l land uses where an ILCR of 107 is applied, the CSoQGmn is based on ingestion
and dermalexposure, as these are more sensitive than the inhalation-based CSoQGe: for these land
uses@fé 5 and Table 6).

Soil Quality Guidelines for Trivalent Chromium, Hexavalent Chromium and Total
Chromium

Chromium occurs in the environment in the following two forms: Cr(IIl) and Cr(VI). In soil, it
occurs primarily as Cr(III) unless the soils have been polluted with Cr(VI)-contaminated wastes.
Since Cr(Ill) and Cr(VI) have different effects on human health, human health-based soil quality
guidelines were derived for each form. Current practices favour the analysis of Cr(T) in soil, while
Draft for Review Only — Do not Cite or Copy 11
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Cr(VI) is only measured in cases where there is a known or suspected Cr(VI) source. Cr(T) data
can be compared to the SoQGe for Cr(T) or the SoQGun for Cr(Ill), because the majority of
environmental Cr is expected to be present as Cr(III) compounds. SoQG for Cr(T) are expected to
be protective of sites where Cr(VI) accounts for only a small component of Cr species. Analytical
measurement of Cr(VI) in soil is strongly recommended for any site potentially contaminated by
activities involving Cr(VI).

For human health, the speciated data for Cr(III) and non-speciated Cr(T) data should be com%d
to the Cr(IIT) SQGun (Table 5), while Cr(VI) data should be compared to the SoOQGun fer( I)

(Table 6).
O

For ecological receptors, speciated Cr(IIl) and non-speciated Cr(T) data should%compared to
the SoQGe for Cr(T) (Table 5), while Cr(VI) data should be compared to the@ e for Cr(VI)

(Table 6).
N

The soil quality guidelines Cr(Ill), Cr(T) and Cr(VI) are intendﬁ% e protective of both
environmental and human health and are taken as the lower of the.S nu and the SoQGe. The
CSoQGmns presented herein are updated values, whereas the @GES are those developed in
1997 and 1999 (CCME 1999). %
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Table 5. Soil quality guidelines and check values for trivalent chromium (Cr(lll)) or total chromium

(Cr(T)) (mg-kg™)?
Land use
Agricultural  Residentiall Commercial Industrial
Parkland
Guideline® 52 52 87 87
Human health guidelines or check values (SQGHH) 26 000" 26 000" 86 000° 00"
Cr(line 1&
Direct contact guidelines %0
Ingestion and dermal (SQGoH) 57 000 57 000 86 000 0 000
Particulate inhalation (SQGpH-pI)° 26 000 26 000 96 000 96 000
Inhalation of indoor air check (SQGiaa)¢ NC NC NC NC
Groundwater check (drinking water) (SQGpw)® NC NC NC
Produce, meat and milk check (SQGri)f NC NC 3@ -
Off-site migration check (SQGowm-HH) - - 00 370 000
Environmental health guidelines or check values w
SQGEe Cr(T)? 64 & 87
Soil contact guideline” 64 64 \ 87
Soil and food ingestion guideline NCi -
Nutrient and energy cycling check 52 & NCJ NCi
Off-site migration check (SQGow-+H) - 91
Groundwater check (aquatic life)* NC Al C NC NC
Canadian Soil Quality Guidelines for the protection of 220 ‘v 220 630 2300
human health (Cr(T)) (CCME 1997)™ N\

Notes: NC = not calculated; SoQGe = soil quality guideline for enviro atal-health; SoQGun = soil quality guideline for human
health.

2 Data are sufficient and adequate to calculate an SoQGe and an SoQGuu for this land use. Therefore, the soil quality guideline is
the lower of the two (CCME 2006). SQGuns are derived %( 1), which is considered to dominate in most environmental
media, except water. Soil concentrations of Cr(T) may be compared to the SoQGun for Cr(III). SoQGe are based on the direct
contact guideline, as derived in 1997 (CCME 1997). T %ﬁal Cr(T) soil quality guideline and the interim soil quality criteria
(CCME 1997) are superseded by the chromium soil ity guideline (CCME 2023) that represents the lowest value between the
SQGe (Cr(T)) and the SQGuu (Cr(I11)).

® The SQGHH is set at the direct contact ingestiontan al value (SoQGpn) for all land uses because these are the lowest of the
of the human health guidelines and check n%isms for this land use.

¢ The inhalation pathway was developed.&epardtely due to the different toxic effects of chromium via the different routes of

exposure. \
4 Applies only to volatile compoundsqag is¥ot calculated for non-volatiles.
¢ Applies to organic compounds calculated for metal substances. Concerns about metal substances should be addressed

on a sit-specific basis.
fNot calculated. Concerns ab al substances should be addressed on a site-specific basis.

¢ SoQGe for Cr(T) taken E (1997).
" The soil contact guid e geometrlc mean of the preliminary soil contact value (TEC or ECL) and the nutrient and energy
cycling check for use.

i Data are insuffi 'en inadequate to calculate the food and soil ingestion guideline for this land use.

i nt or inadequate to calculate the nutrient and energy cycling check for this land use.

anic compounds and is not calculated for metal contaminants. Concerns about metal contaminants should be
site-specific basis.

2 Cr(T) (unspeciated) should be compared to the values in Table 5 (S0QGy for Cr(lll) or SoQGe for Cr(T)). Likewise, for speciated
results (i.e., when values are available for Cr(lll)), they should be compared to the SoQGuy provided for Cr(lll) or SOQGe provided for
Cr(T).
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Table 6. Soil quality guidelines and check values for hexavalent chromium (Cr(Vl)) (mg-kg™)

Land use
Agricultural  Residentiall Commercial Industrial
Parkland
Guideline? 0.4 0.4 14 1.4
Human health guidelines/check values®
SQGHH
ILCR 10® 18" 18" 18" 18"
ILCR 10° 70 70 110’ 170"
Direct contact guideline %
Ingestion and dermal (SoQGpH) 70 70 110 14
Particulate inhalation (SoQGpH-pI)°
10°ILCR 18 18 18 Q 18
10°ILCR 170 170 170 170
Threshold 26 000 26 000 9 0 96 000
Inhalation of indoor air check (SoQGiaa)? NC NC NC
Groundwater check (drinking water) (SoQGpw)® NC NC NC
Produce, meat and milk check (SoQGk)f NC NC Q) - -
Off-site migration check (S0QGowm.+) &
Non-cancer and 10 ILCR \ 250 250
Non-cancer and 10 ILCR - g/) 990 990
Provisional environmental health guidelines or check 0.4 . 1.4 14
values (PSoQGe)?
Soil contact guideline NC NC NC NC
Soil and food ingestion guideline NC ‘% - - -
Nutrient and energy cycling check NC NC NC NC
Off-site migration check (SQGowm-+H) - Q - - NC
Groundwater check (aquatic life) @ NC NC NC

Notes: NC = not calculated; ILCR = incremental lifetime cancer risk; SBQGE = soil quality guideline for environmental health;
SoQGuu = soil quality guideline for human health. 7

2 Data are sufficient and adequate to calculate an SoQGun fof&land use but only a provisional SoOQGe (PSoQGe). Therefore,
the soil quality guideline is the lower of the two (CCME®006). PSQGE are based on the direct contact guideline, as derived in
1999 (CCME 1999). The original chromium soil quali 1d¢line derived in 1999 (based on SoQGe only) are superseded by this
chromium soil quality guideline (CCME 20XX).

> For an ILCR of 1 in 1 000 000, the SoQGum is set direct contact particulate inhalation value (SoQGpu-p1) for non-threshold
effects for all land uses because these are th&ft of the human health guidelines and check mechanisms for this land use. For
an ILCR of 1 in 100 000, the SoQGHH f igultural, residential or park and commercial land uses is set at the direct contact
guideline for ingestion and dermal ex ¢9 (SoQGpn), while the SoQGuu for industrial land uses is set at the direct contact
particulate inhalation value (SoQGpu-k) For'non-threshold effects.

¢ The inhalation pathway was d% separately due to the different toxic effects of chromium via the different routes of
exposure.

4 Applies only to volatile com%dﬂ and is not calculated for non-volatiles.

¢ Applies to organic com ds afd is not calculated for metal substances. Concerns about metal substances should be addressed
on a site-specific basj

fNot calculated. C(& bout metal substances should be addressed on a site-specific basis.

g Data are insufficieht or inadequate to calculate any of the environmental health guidelines or check values. However, there are
sufficient and’adequate data to calculate provisional SOQGes. The SoQGes for Cr(VI) is taken from CCME (1999 update).

" Based on 0QGpu-p1 for inhalation exposures for non-threshold effects.

i Based onsthe S0QGpH for oral and dermal exposures for threshold effects.

R@rences

Adema, D. M. and Henzen, L. 1989. A comparison of plant toxicities of some industrial chemicals in soil culture and
soilless culture. Ecotoxicol. Environ. Saf. Oct. 18(2): 19-29. doi: 10.1015/0147-6513(89)90083-3.

https://pubmed.ncbi.nlm.nih.gov/2806175.

Adriano, D. C. 2001. Trace Elements in Terrestrial Environments: Biogeochemistry, Bioavailability, and Risks of
Metals, 2nd ed. Springer-Verlag. New York, NY.

14


https://pubmed.ncbi.nlm.nih.gov/2806175/

446
447

448
449

450
451

452
453
454

455
456

457
458

459
460
461
462
463

464
465

466
467

468
469

470
471

472
473

474
475

476
477

478
479

480
481
482
483
484
485
486
487
488
489
490
491
492

493
494
495

Anderson, R. A., and Kozlovsky, A. S. 1985. Chromium intake, absorption and excretion of subjects consuming self-
selected diets. Am J Clin Nutr. 41(6): 1177-83.

ATSDR. 2012. Toxicological Profile for Chromium. US Department of Health and Human Services, Agency for Toxic
Substances and Disease Registry. Atlanta, GA.

Bartlett, R. J. 1991. Chromium cycling in soils and water: Links, gaps, and methods. Environ. Health Perspect. 92:
17-24.

Bartlett, R. J., and James, R. B. 1988. Mobility and bioavailability of chromium in soils. In: Chromium in the Natural
and Human Environments, J.0. Nriagu and E. Nieboer (Eds). John Wiley and Sons. New York, NY. pﬁ? —
304.

Bartlett, R. J., and Kimble, J. M. 1976. Behaviour of chromium in soils II. hexavalent forms. Environ. @ 538-

86.
Bloomfield, C., and Pruden, G. 1980. The behaviour of chromium (VI) in soil under aerobic and anaer@s)conditions.
Environ. Pollut. A.23: 102—-14.

Brookes, R. R. 1987. Serpentine and its Vegetation. Croom Helm. London, Great Britain. Q

Cary, E. E., Allaway, W. H., and Olson, O. E. 1977a. Control of chromium concentration ’@)d plants: 1. absorption
and translocation of chromium in plants. J. Agric. Food Chem. 25: 300—04.

Cary, E. E., Allaway, W. H., and Olson, O. E. 1977b. Control of chromium concent@ﬁ in food plants: 2. Chemistry
of chromium in soils and its availability to lants. J. Agric. Food Chem.&Q 09

CCME (Canadian Council of Ministers of the Environment). 20XX. Canadiam§o¥Quality Guidelines for Chromium:
Environmental and Human Health. Scientific Supporting Documert, E, Winnipeg.

CCME. 2016. Guidance Manual for Environmental Site Characterization in Support of Environmental and Human
Health Risk Assessment. Volume 1: Guidance Manual. CCX\@V innipeg.

CCME. 2006. A Protocol for the Derivation of Environmentaluman Health Soil Quality Guidelines. CCME,
Winnipeg. /

CCME. 1999. Canadian Soil Quality Guidelines for theh%:ction of Environmental and Human Health: Chromium
(total 1997) (VI 1999). In: Canadian Environwl uality Guidelines. 1999. CCME, Winnipeg.

CCME. 1997. Canadian Soil Quality Guidelines rotection of Environmental and Human Health — Chromium.

CCME, Winnipeg. Q
CCME. 1996. Guidance Manual for Develpping Site-Specific Soil Quality Remediation Objectives for Contaminated
Sites in Canada. CCME, Winnip,

Chang, F. H., and Broadbent, F. E. fluence of trace metals on carbon dioxide evolution from a yolo soil. Soil
Sci. 132: 416-21.

Cohen, M. D. 2009. Chromi . Environmental Toxicants, Human Exposures and Their Health Effects, Third
Edition. M. Lippma ohn Wiley & Sons, Inc. Hoboken, NJ.

Crump, C., Crump, K. ck,’E., Luippold, R., Mundt, K., Liebig., E., Panko, J., Paustenback, D., and Proctor, D.
2003. Dose—r@ and risk assessment of airborne hexavalent chromium and lung cancer mortality. Risk
63

Anal. 23(

B
Cunningham, 4. D..YKeeney, D. R., and Ryan, J. A. 1975a. Phytotoxicity and uptake of metals added to soils as
inog,@]ic Its or in sewage sludge. J. Environ. Qual. 4: 460-62.

Cunning D., Keeney, D. R., and Ryan, J. A. 1975b. Yield and metal composition of corn and rye grown on
ewage sludge amended soil. J. Environ. Qual. 4: 448-54.
@1 am, J. D., Ryan, J. A., and Keeney, D. R. 1975¢. Phytotoxicity in and metal uptake from soil treated with
metal-amended sewage sludge. J. Environ. Qual. 4: 455-59.

De Flora, S. 2000. Threshold mechanisms and site specificity in chromium(VI) carcinogenesis. Carcinogenesis 21(4):
533-41.

De Haan, S., Rethfeld, H., and van Driel, W. 1985. Acceptable Levels of Heavy Metals (Cd, Cr, Cu, Ni, Pb, Zn) in
Soils. Haren (Gr). The Netherlands. (Report 9-85). (Cited in Janus and Krajnc 1989.)

Derelanko, M. J., Rinehart, W. E., Hilaski, R. J., Thompson, R. B., and Léser, E. 1999. Thirteen-week subchronic rat
inhalation toxicity study with a recovery phase of trivalent chromium compounds, chronic oxide, and basic
chromium sulfate. Toxicol. Sci. 5(2): 278-88.

Draft for Review Only — Do not Cite or Copy 15



496
497

498
499

500
501

502
503

504

Doelman, P. and Haanstra, L. 1984. Short-term and long-term effects of cadmium, chromium, copper, nickel, lead
and zinc on soil microbial respiration in relation to abiotic soil factors. Plant Soil. 79: 317-27.

Dowdy, R. H. and Ham, G.E. 1977. Soybean growth and elemental content as influenced by soil amendments of
sewage sludge and heavy metals: Seedling studies. Agron. J. 69: 300—03.

Drucker, H. Graland, T. R., and Wildung, R. E. 1979. Metabolic response of microbiota to chromium and other metals.
In: Trace Metals in Health and Disease. N. Kharasch, ed. Raven Press. New York.

Eary, L. E., and Rai, D. 1989. Kinetics of chromate reduction by ferrous ions derived from hematite and biotite at 25
degrees C. Am. J. Sci. 289: 180-213.

EC (Environment Canada). 1995a. Toxicity testing of National Contaminated Sites Remediation Progra ity
substances for the development of soil quality criteria for contaminated sites. Guidelines Divisio vation
and Interpretation Branch, Ecosystems Conservation Service. Unpublished.

EC. 1995b. Toxicity testing of National Contaminated Sites Remediation Program priority sub es for the
development of soil quality criteria for contaminated sites, Retesting volatiles substances. Guidglines Division,
Evaluation and Interpretation Branch, Ecosystems Conservation Service. Unpublished

EC. 1999. Canadian Soil Quality Guidelines: Chromium (Environmental Effects). Scie Supporting Document.
December 1999. Environmental Quality Branch, National Guidelines and Standdgds'®ffice. Ottawa.

EC/HC (Environment Canada and Health Canada). 1994. Canadian Environmental tion Act Priority Substances
List Assessment Report: Chromium and its Compounds. Ministry of Suppl Services Canada. Catalogue
No. En 40-215/39E. 59 pp- http://www.Kchsc.gc.ca/ewh-semt/alt formats/hecs-

sesc/pdf/pubs/contaminants/psl1-lspl/chromium_chrome/chromiu ome_e.pdf.

European Chemicals Bureau. 2005. European Union Risk Assess eport: Chromium Trioxide, Sodium
Chromate, Sodium Dichromate, Ammonium Dichromate and@as ium Dichromate. 3rd Priority List, Volume
53. Report No. EUR 21508 EN. 261 pp. + app.

Fenke, K. H. 1977. Die Chromaufnahm Durch Kultur—Pﬂanzen@'erwendung Chrombhaltiger Dungemittel. (Cited

in Williams 1988.) /

Fitzgerald, P. R., Peterson, J., and Lue-Huing, C. 1985. metals in fluids and tissues of fetal calves and in young
calves of nursing cows exposed or not expos¢thto)anaerobically digested wastewater sludge. Am. J. Vet. Res.
46: 165-68.

Gibb, H. J,, Lees, P. S. J., Pinsky, P. F., and I@e , B. C. 2000a. Clinical findings of irritation among chromium
chemical production workers. Am. d. Med. 38: 127-31.

Gibb, H. J.,, Lees, P. S. J., Pinsky, P. F, ooney, B. C. 20005. Lung cancer among workers in chromium chemical

production. Am. J. Ind. Med,

Glaser, U., Hochrainer, D., and
influence on its carcin
Springer-Verlag. B

—26.
ﬁi D. 1990. Investigation of irritating properties of inhaled Cr(VI) with possible
i¢ action. /n: Seemayer, N. O., and Hadnagy, W. (Ed.) Environmental Hygiene II.

Glaser, U., Hochrainer, ppel, H., and Kuhnen, H. 1985. Low level chromium (VI) inhalation effects on alveolar
macrophag651 mune function. Wistar Rats. Arch. Toxicol. 57: 250-56.

Halford, D. K. am, O. D., and White, G. C. 1983. Biological elimination rates of radioisotopes by mallards
conta:@e at a liquid radioactive waste disposal area. Health Physics 45: 745-56.

Hall, R. B/ 42 1988. The Effects of Chromium Loading on Earthworms in an Amended Soil. Thesis submitted to the
D ent of Soil Science, University of Alberta, Edmonton.

Ha 7 C. 2002. The Elements. /n: Lide, D., Ed., CRC Handbook of Chemistry and Physics, 2002-2003. CRC

ress, New York.

HC ‘(Health Canada). 2016. Guidelines for Canadian Drinking Water Quality, Guideline Technical Document,
Chromium. Prepared by the Federal-Provincial-Territorial Committee on Drinking Water of the Federal-
Provincial-Territorial Committee on Health and the Environment, Health Canada. Ottawa, March.

HC. 1986. Guidelines for Canadian Drinking Water Quality: Guideline Technical Document — Chromium. Published
1979, updated 1986. Health Canada. Ottawa.

Ivankovic, S., and Preussmann, R. 1975. Absence of toxic and carcinogenic effects after administration of high doses

of chromic oxide pigment in subacute and long-term feeding experiments in rats. Food Cosmet. Toxicol. 13:
347-51.

Draft for Review Only — Do not Cite or Copy 16


http://www.hc-sc.gc.ca/ewh-semt/alt_formats/hecs-sesc/pdf/pubs/contaminants/psl1-lsp1/chromium_chrome/chromium_chrome_e.pdf
http://www.hc-sc.gc.ca/ewh-semt/alt_formats/hecs-sesc/pdf/pubs/contaminants/psl1-lsp1/chromium_chrome/chromium_chrome_e.pdf

547
548
549
550
551

552
553

554
555
556

557
558

559
560

561
562

563

565

Janus, J. A. and Krajnc, E. 1. 1989. Integrated Criteria Document Chromium: Effects. (Appendix to report no
758701001). National Institute of Public Health and Environmental Protection. Bilthoven, the Netherlands.

Jaworski, J. F. 1985. Chromium Update 1984: Environmental and Nutritional Effects of Chromium. National Research
Council of Canada, Associate Committee on Scientific Criteria for Environmental Quality. Ottawa. NRCC No.

23917. 56 pp.

Katz, S. A., and Salem, H. 1994. The Biological and Environmental Chemistry of Chromium. VCH Publishers Inc.
New York, NY.

Kumral, E. 2007. Speciation of Chromium in Waters via Sol-Gel Preconcentration prior to Atomic Spectrometric
Determination. M.Sc. thesis, Graduate School of Engineering and Sciences, Izmir Institute of Techﬁ&gy,
Turkey.

Lahouti, M. and Peterson, P. J. 1979. Chromium accumulation and distribution in crop plants. J. Sci. % Agri. 30:
136-42.

Langérd, S. (ed.) 1982. Biological and Environmental Aspects of Chromium. Elsevier Biomedim%ess, Amsterdam.
285 pp.

Liang, C. N. and Tabatabai, M. A. 1978. Effects of trace elements on nitrification in soil@nviron. Qual. T: 291-
93.

Losi, M. E., Amrhein, C., and Frankenberger, W. T. Jr. 19944. Factors affectlng c and biological reduction of

hexavalent chromlum in soil. Environ. Toxicol. Chem. 13(11): 1727-35.
Losi, M. E., Amrhein, C., and Frankenberger, W. T. Jr. 19945. Bloremedlatlo omate contaminated groundwater
by reductlon and precipitation in surface soils. J. Environ. Qual

Ma, W-C. 1982. The influence of soil properties and worm- related f n the concentration of heavy metals in
earthworms. Pedobiologia. 24: 109-19.

Mancuso, R. F. 1975. Consideration of chromium as an industr@rcmogen In International Conference on Heavy
Metals in the Environment, Toronto, Canada. 27-31. Oc 5. Pp. 343-56.

Mancuso, R. F. 1997. Chromium as an industrial carcm% }( rt 1. Am. J. of Ind. Med. 31: 129-31.

McGrath, W. P. 1995. Chromium and nickel. In Heavy Metals in Soils, 2nd edition. B. J. Alloway, ed. Blackie
Academic and Professional. London, New WPp. 152-78.

Mertz, W. 1969. Chromium occurrence and fu@ in biological systems. Physiol. Rev. 49: 163-239.

NRCC (National Research Council of Canada). 6. Effects of Chromium in the Canadian Environment. NRCC No.
15017. Associate Committee on Seigtitific Criteria for Environmental Quality. Ottawa.

Nriagu, J. O. and Nieboer, E. (eds). hromium in the Natural and Human Environments. John Wiley and Sons,
Toronto. 785 pp.

Nriagu, J. O., Beaubien, S., a wes, D. 1993. Chemistry of chromium in lakes. Environ. Rev. 1(2): 104-20.

Nriagu, J. O., and Kabir, A’ ”Chromium in the Canadian environment. Environ. Rev. 3: 121-44.

NTP (National Toxico rogram) 2007. NTP Technical Report on the Toxicity Studies of Sodium Dichromate
Dehydrate 7789 12-0) Administered in Drinking Water to Male and Female F344/N Rats and
B6C3F1 Male BALB/C and Am3-C57BL/6 Mice. In NTP Toxicity Report Series No. 72. NIH Publ.

96

No. 07 National Institutes of Health Public Health Service, US Department of Health and Human
esearch Triangle Park, NC.

P Technical Report of the Toxicology and Carcinogenesis of Sodium Dichromate Dihydrate (CAS No.
-12-0) in F344/N Rats and B6C3F; Mice (Drinking Water Studies). National Toxicology Program, US
epartment of Health and Human Services. Report no. NTP TR 546. July. pp. 192.

N@ZOIO. NTP Technical Report on the Toxicology and Carcinogenesis Studies of Chromium Picolinate
Monohydrate (CAS No. 27882-76-4) in F344/N Rats and B6C3F1 Mice (Feed Studies). In NTP Technical
Report Series No. 556. NIH Publ. No. 10-5897. National Institutes of Health, Public Health Service, US
Department of Health and Human Services. Research Triangle Park, NC.

OMOE (Ontario Ministry of Environment). 1993. Ontario Typical Range of Chemical Parameters in Soil, Vegetation,
Moss Bags and Snow. Version 1.0a. PIBS No. 2792. Apr. 1994. Phytotoxicology Section, Standards
Development Branch, OMOE. Toronto. 212 pp. + app.

Draft for Review Only — Do not Cite or Copy 17



596
597

598
599

600
601

602
603

604
605

606
607

608
609

610

611
612

613
614

615
616

617
618
619

620
621

622
623

624
625

626
627

628

630

631
632

633
634

635

637

638
639

640
641
642

643
644

Outridge, P. M. and Scheuhammer, A. M. 1993. Bioaccumulation and toxicology of chromium: Implications for
wildlife. Rev. Environ. Contam. Toxicol. 1993(130): 31-77.

Oze, C., Fendorf, S., Bird, D. K., and Coleman, R. G. 2004. Chromium geochemistry in serpentinized ultramafic rocks
and serpentine soils from the Franciscan Complex of California. Am. J. Sci. 304: 67-101.

Panichev, H., Mabasa, W., Ngobeni, P., Mandiwana, K., and Panicheva, S. 2008. The oxidation of Cr(III) to Cr(VI)
in the environment by atmospheric oxygen during the bush fires. J. Hazard. Materials. 153: 937-41.

Patterson, J. G. E. 1971. Metal toxicities arising from industry. Tech. Bull. Min. Agric. Fish. Food Agric. Develop.
Adv. Serv. 21: 193-207. (Cited in Williams 1988.)

Proctor, D. M., Suh, M., Campleman, S. L., and Thompson, C. M. 2014. Assessment of the mode of
hexavalent chromlurn induced lung cancer following inhalation exposures. Toxicology 25: 160— QS
Prokisch, J., Katz, S. A., Kovacs, B., and Gyori, Z. 1997. Speciation of chromium from indus tes and

incinerated sludges. J. Chromatography A. 774: 363:71.
Puls, R. W., Clark, D. A., Paul, D. J., and Vardy, J. 1994. Transport and transformation of %-adent chromium
through soils and into ground water. J. Soil. Contamin. 3(2): 203-24.
Rai, D., Eary, L. E., and Zachara, J. M. 1989. Environmental chemistry of chromium. S¢i€Zbtg! Environ. 86: 15-23.
Saleh, F. Y., Parkerton, T. F., Lewis, R. V., Huang, J. H., and Dickson, K.
transformations in the environment. Sci. Tot. Environ. 86: 25-41. ‘
Sasso, A.F., and Schlosser, P. M. 2015. An evaluation of in vivo models for netics of hexavalent chromium
in the stomach. Toxicol. Appl. Pharmacol. 287(3): 293-98.

Shupack, S. I. 1991. The chemistry of chromium and some resulting ag% problems. Environ. Health Perspect.

. Kinetics of chromium

92: 7-11
Skujins, J. Nohrstedt, H. O., and Oden, S. 1986. Development ofi itive biological method for the determination

of a low-level toxic contamination in soils: 1. Selection rogenase activity. Swed. J. Agric. Res. 16: 133—
18.

Stearns, D. M., Belbruno, J. J., and Wetterhaun, K. E. I%A prediction of chromium (III) accumulation in humans
from chromium dietary supplements. FASEB—%I 0-57.

Steinhoff, D., Gad, S. C., Hatfield, G. K. and M 986. Carcinogenicity study with sodium dichromate in rats.
Exp. Pathol. 30(3): 129-41. @

Sykes, T. L. Corning, R. R., and Earl, J. 1981\ Theeffect of soil-chromium III on the growth and chromium absorption
of various plants. J. Am. Leather. Assoc. 76: 102-26.

Taylor, R. G. and Parr, P. D. 1978. @uﬁon of chromium in vegetation and small mammals adjacent to cooling
towers. J. Tenn. Acad. SciS3; 91.

US EPA (United States EnVim%?tal Protection Agency). 1984. Health Assessment Document for Chromium. Final
Report. Environme teria and Assessment Office, United States Environmental Protection Agency.
Washington, D. -600/8-83- 014F).

US EPA. 1998a. Toxieological Review of Hexavalent Chromium—In support of Summary Information on the
Integrated Ki formation System (IRIS). US Environmental Protection Agency. Washington, DC.

US EPA. 19&R xicological Review of Trivalent Chromium—In support of Summary Information on the
IntegratedhRisk Information System (IRIS). US Environmental Protection Agency. Washington, DC.

US EPA . Toxicological Review of Hexavalent Chromium (CAS No. 18540-29-9). In Support of Summary

ation on the Integrated Risk Information System (IRIS). Sept. 2010. External Review Draft. EPA/635/R-

Q /004A. US EPA. Washington, DC.

(US Geological Survey). 2012. Mineral Commodity Summaries 2012. US Geological Survey, Reston, Virginia.
198 pp.

Van Gestel, C. A. M. Dirven-van-Breemen, E. M., and Baerselman, R. 1993. Accumulation and elimination of
cadmium, chromium and zinc and effects on growth and reproduction in Eisenia andrei (Oligochaeta,
Annelida). Sci. Total Environ. Supplement 1993, Part I, 585-97.

Van Gestel, C. A. M., Dirven-Van Breemen, E. M., Baerselman, R., Emans, H. J. B, Janssen, J. A. M, Postuma, R.,
and Van Vliet, P. J. M. 1992. Comparison of sublethal and lethal criteria for nine different chemicals in

Draft for Review Only — Do not Cite or Copy 18



645 standardized toxicity tests using the earthworm Eisenia andrei. Ecotoxicology and Environmental Safety
646 23:206-20.

647 WHO (World Health Organization). 1988. Chromium — Environmental Health Criteria No. 61. International Program
648 on Chemical Safety, World Health Organization. Geneva. Report.
649 http://www.inchem.org/documents/ehc/ehc/ehc61.htm.

650  Williams, J. H. 1988. Chromium in Sewage Sludge Applied to Agricultural Land. Office of Official Publications for
651 the Commission of the European Communities, Brussels. 58 pp.

652  Zachara, . M., Ainsworth, C. C., Cowan, C. E., and Resch, C. T. 1989. Adsorption of chromate by subsurface soil
653 horizons. Soil Sci. Soc. Am. J. 53: 418-28. 4

Draft for Review Only — Do not Cite or Copy 19


http://www.inchem.org/documents/ehc/ehc/ehc61.htm

	Background Information
	Environmental Fate and Behaviour in Soil
	Soil Microbial Processes
	Terrestrial Plants
	Terrestrial Invertebrates
	Livestock and Wildlife

	Human and Experimental Animal Health Effects
	Guideline Derivation
	Soil Quality Guideline for Environmental Health
	Soil Quality Guidelines for Human Health

	Soil Quality Guidelines for Trivalent Chromium, Hexavalent Chromium and Total Chromium
	References

