Chromium

A maximum acceptable concentration of 0.05 mg/L
(50 ng/L) for chromium in drinking water has been
established on the basis of health considerations.
Trivalent chromium, the most common naturally
occurring state of chromium, is not considered to be
toxic; however, if present in raw water, it may be
oxidized to hexavalent chromium during chlorination.
Toxic effects of chromium in man are attributed
primarily to this hexavalent form. At the maximum
acceptable concentration in drinking water, ingestion
of hexavalent chromium has not resulted in any known
harmful effects on the health of man or animals.

General

Chromium can exist in valences from -2 to 6 but
is present in the environment mainly in the trivalent or
hexavalent state. Trivalent chromium (Cr[lI11]) isthe
most common naturally occurring state; most soils and
rocks contain small amounts of chromic oxide (Cr203).
Hexavalent chromium (Cr[V1]) occursinfrequently in
nature, and chromates (CrO42-) and dichromates
(Cr2072-) present in the environment are generally the
result of industrial and domestic emissions. Chromium
ispresent in Canadian soils at concentrations ranging
from 20 to 125 mg/kg® and is found in trace quantities
in most plant and animal tissues.

Chromium iswidely used in industry. The
hexavalent chromium compounds are used in the
metallurgical industry for chrome alloy and chromium
metal production and chrome plating, and in the
chemical industry as oxidizing agents and in the
production of other chromium compounds. Trivalent
chromium salts are used less widely, being employed
in textile dyeing, in the ceramic and glass industry,
and in photography.

The only commercially important chromium
mineral is chromite (FeOCr203). Canadian deposits of
this mineral are usually low-grade, and consequently
all Canadian requirements for chromium arefilled by
importation. Canadian consumption of chromite in 1981
was 24 771 tonnes.®

Occurrence

Of the common trivalent chromium salts, the
chloride, nitrate, and sulphate are readily solublein
water; the hydroxide and carbonate are quite insoluble.
Of the common hexavalent chromium salts, only
sodium, potassium, and ammonium chromates and the
corresponding dichromates are soluble. Most of the
chromium in soilsis present in the form of highly
insoluble chromites. Weathering, oxidation, and
bacterial action convert these chromites into soluble
forms, and in this way chromium mineral deposits
contribute slightly to the chromium content of natural
waters. Chromium can also be present in natural waters
as a contaminant from the discharge of industrial wastes
or water from cooling systems in which chromates are
used as corrosion inhibitors.

Total dissolved chromium is the parameter most
often determined in trace element analyses of surface
and ground waters. It is generally assumed that the
trivalent form is not likely to be present in waters of
pH 5 or above because of the low solubility of the
hydrated oxide.®® In preliminary studies, both trivalent
and hexavalent forms have been shown to exist in
surface waters. Analysis of samples from the Upper
Susguehanna River Basin in New York State reveaed
the predominance of chromium(I11) in uncontaminated
waters and an increase in the mean chromium(V1)
content of the river downstream from a sewage outfall.
Chromium(l11) added to natural lake watersis converted
very slowly to chromium(V1).® In chlorinated drinking
water, chromium is usually present in the hexavalent
State.

Chromium is generally present at low concen-
trations in Canadian surface waters. Concentrationsin
the Great L akes averaged approximately 0.001 mg/L
(range 0.0002 to 0.019 mg/L),6:7) and concentrationsin
Canadian rivers were between 0.002 and 0.023 mg/L.(")
Datafrom NAQUADAT stations during the period 1980
to 1985 showed that, for the Central region of Canada,
total chromium concentrations in raw water ranged from
the detection limit of 0.002 mg/L to 0.044 mg/L; for the
Atlantic region, the concentrations ranged from the same
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detection limit to 0.024 mg/L.® Concentrations of
chromium in Canadian waters have been stated to
be usually less than 0.025 mg/L.(D

A survey of Canadian drinking water supplies
suggested that the maximum concentrations of
chromium in raw water and in treated and distributed
waters were 0.014 and 0.009 mg/L, respectively. The
median concentration of chromium in three types of
water was 0.002 mg/L .9 Chromium concentrations
above 0.001 mg/L were detected in only 11 percent of
samples taken at consumers' taps from 969 U.S. water
systems; the average concentration of chromium in these
samples was 0.0023 mg/L.(19)

There isinsufficient information to indicate mean
concentrations of chromium in the air of Canadian
communities. The concentrations of chromium in air
samples from five remote areas in Canada ranged from
0.00000032 to 0.000025 mg/m3.4D In the United States,
chromium concentrations in urban air ranged from less
than 0.00001 mg/m3 to 0.00005 mg/m3.(12)

Foods vary considerably in chromium content.
Milk and dairy products (mean, 0.06 mg/kg), meat
(0.07 mg/kg), cereal (0.17 mg/kg), potatoes
(0.05 mg/kg), fruits (0.06 mg/kg), and sugars
(0.34 mg/kg) are the main dietary sources of this
element.(3 Concentrations of chromium ranging from
0.13 to 0.85 mg/kg have been recorded in avariety
of seafoods commercially available in Canada.(19)
Carbonated beverages and fruit juices generally contain
less than 0.01 mg/L.(» Chromium concentrationsin
imported and domestic wines available in Canada were
between 0.02 and 0.06 mg/L .38 Chromium occursin
food mainly in the trivalent form, although as much as
63 percent of the total chromium in some foodsis
present in the hexavalent form.(X”) In cooked food, levels
of chromium may be dightly higher because of the
contribution from stainless steel utensils.

Canadian Exposure
Recent analyses of self-selected Canadian diets
(including drinking water) found the mean dietary intake
of chromium to be approximately 0.055 mg/day, with a
range of approximately 0.01 to 0.16 mg/day.(® Studies
in the United States have estimated the mean daily
intake to be 0.06 to 0.09 mg.(1929) Al| these values
are significantly lower than earlier estimates of
approximately 0.2 mg/day,32) possibly as aresult
of improvements in analytical techniques.(18.22)
Assuming daily water consumption to be 1.5 L(3)
and the average chromium concentration of Canadian
drinking water to be 0.002 mg/L, the average daily
intake of chromium from drinking water would be
0.003 mg per person. This value compares well with
U.S. estimates of 0.004 to 0.005 mg.(%29 Chromium
intake from food is substantially higher than that from

drinking water; the mean total daily intake of chromium
from water would be roughly 10 percent of the total
dietary intake estimated above.

If the concentration of chromium in air in Canadais
assumed to be 0.000015 mg/m3? and an individual’s
daily respiratory volume to be 20 m3, then the daily
intake of chromium from air would be 0.0003 mg. One
U.S. estimate of the daily intake of chromium from air is
0.00028 mg.2) The U.S. National Academy of Sciences
has estimated this quantity to be only 0.00004 to
0.00008 mg.(28 Chromium is also present in
cigarettes.(2

Based on the above considerations, the total daily
intake of chromium from food, air, and water would
be about 0.06 mg. Intake for smokers may be higher
because of the presence of chromium in cigarettes.

Treatment Technology

Because chromium has not been identified as a
problem in many water supplies, there have been few
studies to determine the effectiveness of water treatment
processes in removing chromium. Most of the infor-
mation is based on laboratory or pilot-plant studies.(28)

Of the two common valence states of chromium,
chromium(111) is the less toxic and the easier to remove
from water supplies. Alum coagulation, iron coagulation
(using ferric sulphate), and lime softening have all been
found to be capable of removing at least 90 percent of
aninitial chromium(l11) concentration of 0.15 mg/L.
The effectiveness of iron coagulation was independent
of pH in the range of 6.5 to 9.3. Alum coagulation was
most effective between pH 7.5 and 8.5 and removed
only about 80 percent of the chromium at pH 9.2. The
optimum range for lime softening was above pH 10.5;
the amount of chromium removed decreased to about
70to 80 percent at pH 9.5. At an initial chromium
concentration of 10 mg/L, al three processes were
capable of reducing the chromium concentration by
98 percent.(?9)

None of these three methodsis very effectivein
removing hexavalent chromium. The best results were
found using iron coagulation with ferric sulphate, which
removed 35 percent of the hexavalent chromium at
pH 5.5. Neither alum coagulation nor lime softening
removed more than 10 percent.(?9)

The method of choice for removing hexavalent
chromium isiron coagulation using ferrous sulphate,
which reduces the chromium to the trivalent state.
Studies on river water containing 0.15 mg/L of
chromium(V1) showed that ferrous sul phate was capable
of removing 98 percent of the chromium in the pH range
6.510 9.3. For initial chromium(V1) concentrations
above about 0.2 mg/L, it was found necessary to adjust
the pH several minutes after coagulation to allow time
for the chromium(V1) to be reduced to chromium(I11).(29)
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Chlorination of water before treatment tends to
oxidize any trivalent chromium to the hexavalent state
and so reduce the effectiveness of water treatments
aimed at chromium(l11). Chlorine doses of 2 mg/L
with contact times of up to 6 hours decreased the
effectiveness of alum coagulation by only about
10 percent, but much larger decreases were found with
longer contact times.(? Chlorination of water after
treatment would be expected to convert any residual
trivalent chromium to the hexavalent state. It is not clear,
however, if passage of water through iron pipes would
tend to reverse the process.

Health Considerations

Essentiality

Only the trivalent and hexavalent forms of
chromium appear to be of significance in biological
systems, @9 and only the trivalent form appears to be
essential .31 Trivalent chromium is necessary for the
synthesis of fat from glucose and also for the oxidation
of fat to carbon dioxide. The biologically active form of
the element is believed to be anicotinic acid —amino
acid (glycine, glutamic acid, and cysteine) — trivalent
chromium complex, which functions as a potentiator
of insulin, possibly by forming a complex between
sulfhydryl groups on the cell membrane and sulfhydryl
groups on the A chain of insulin.(3233 This complex,
which occursin avariety of foods, istermed glucose
tolerance factor (GTF). The primary biochemical effect
from chromium deficiency is decreased sensitivity to
exogenous or endogenous insulin.(33

Thereisincreasing evidence that chromium
deficiency may also be abasic factor in
atherosclerosis.(3439) |n animals, severe deficiency
results in decreased growth rates and life spans,
increased concentrations of serum cholesterol, and
increased formation of aortic plagues. Under certain
conditions, a syndrome resembling diabetes mellitus,
with fasting hyperglycaemia and glycosuria, has been
produced. Low levels of chromium in plasmaor hair
have also been correlated with increased likelihood of
coronary artery disease.(363) The U.S. Food and
Nutrition Board has set an adequate and safe range
for chromium intake at 0.05 to 0.2 mg/day.®

Absorption, Distribution, and Excretion

Estimates of the fraction of chromium that is
absorbed by the intestine vary. It has been reported
that about 2 to 10 percent of the hexavalent chromium
ingested is absorbed, asis 0.1 to 3 percent of the
inorganic trivalent chromium.(®49) Absorption of
2.1 percent of ingested chromium(V1) has been
estimated in humans.Y) From studies on rats, it has
been estimated that the fraction of chromium(V1)

absorbed is nine times greater than that of
chromium(l11).42 Other estimates put the absorption of
both inorganic chromium speciesin the range of 0.5 to
3 percent.(*344 Gastric juice inhibits absorption of both
trivalent and hexavalent inorganic chromium and
partially reduces the hexavalent form to the trivalent.d
Chromium is much more readily absorbed in the GTF
(organic) form than in the inorganic form. At least 10

to 25 percent of ingested organic chromium is thought
to be absorbed from the intestinal tract, probably the
jejunum or upper ileum. (183439 |ntestinal chromium
absorption in young children proceeds at a greater rate
than that in adults.(> Because the proportion of ingested
chromium that is hexavalent, trivalent, inorganic, or
organically bound is unknown, the amount of chromium
absorbed per day cannot be reliably estimated. For
example, adocument published by the World Health
Organization estimates that 10 percent of the chromium
ingested is absorbed,#046) which implies that the mean
daily uptake of chromium from a Canadian diet is about
0.006 mg. However, an independent estimate of the U.S.
daily uptake is 0.001 mg or less.(@3)

Airborne chromium-containing particles with mass
greater than 0.001 mg are believed not to reach the
alveoli at al, but to be trapped in the bronchi. These
particles are later moved to the pharynx by ciliary action
and swallowed. Thisroute of exposure could therefore
contribute to dietary intake.(*” A portion of inhaled
chromium-containing aerosol s depositsin the
respiratory tract. Insoluble particles small enough to
penetrate the alveoli may be trapped in the tissue. If
the particles can be dissolved, chromium may enter
the blood and be distributed throughout the body.

The metabolism of ingested chromium depends
on its chemical form. Chromium chloride administered
parenterally to rats disappears rapidly from the
bloodstream and is most strongly absorbed by the
ovaries or testes and spleen, whereas chromium
administered as the organic complex, GTF, accumul ates
mainly in theliver. The fate of inhaled trivalent
chromium differs from that of the hexavalent form.
Thirty days after intratracheal injection of chromium-
containing aerosol to guinea pigs, 30 percent of the
trivalent chromium, but only 2.4 percent of the
hexavalent chromium, remained in the lung tissue.“8
The concentration of chromium in red blood cells, liver,
kidney, and spleen was greater following intratracheal
administration of hexavalent chromium.

In studies using rodents, it has been shown that
chromium can cross the placenta. Estimates of the
fraction of the dose of inorganic chromium transferred
to the foetus were 0 to 12 percent for chromium(V1) and
0.4 percent for chromium(111).¢9 In contrast, 20 to
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50 percent of chromium administered in the form of
GTF was found in the litters.® Thisis consistent with
the role of chromium as an essential trace element.3)

There seems to be a homeostatic mechanism
involving hepatic or intestinal transport systems that
prevents excessive accumulation of trivalent
chromium.®®D) In man, the largest stores of chromium are
in skin, muscle, and fat; the highest concentration isin
the lungs. The average total chromium content of the
bodly is approximately 6 mg,18) but tissue levels vary
according to the sex, age, and geographical location of
the individual .34

At least 80 percent of excreted chromium is
eliminated in the urine; the remainder is eliminated in
the faeces. Thereislittle agreement on the amount of
daily urinary chromium excretion. A mean 24-hour
excretion value of 0.0084 mg with arange of 0.002 to
0.021 mg is believed to be representative, although a
recent estimate places the mean at less than 0.001 mg.(23
Very high chromium excretion appears to occur in some
insulin-dependent diabetics. Absorbed chromium is
eliminated from the body in arapid phase (1 to 2 days)
representing clearance from the blood, and in a slower
phase representing clearance from tissues. Adipose and
muscle tissues retain chromium for about two weeks,
whereas the liver and spleen may store chromium for
aslong as 12 months.*3

Toxic Effects

The known harmful effects of chromium in man are
attributed primarily to the hexavalent form; trivalent
chromium is considered non-toxic. A single oral dose
of 10 mg/kg body weight of hexavalent chromium will
result in liver necrosis, nephritis, and death in man. A
lesser dose will cause irritation and corrosion of the
gastrointestinal mucosa and occasionally encephalitis
and enlarged liver. No local or systemic effects have
been attributed to the ingestion of trivalent chromium.

Consumption of drinking water with a hexavalent
concentration of 1 to 25 mg/L for 3 years caused noill
effectsin afamily of four.5?

Ingestion of drinking water containing 25 mg of
hexavalent chromium (potassium chromate) per litre
resulted in an eightfold increase in tissue chromium
concentration over that found in rats that had consumed
trivalent chromium (chromic chloride) at 25 mg/L for
the same six-month period.(®® Toxic effects have been
observed in rats and rabbits following ingestion of
drinking water with a hexavalent chromium
concentration above 5 mg/L, but ingestion of water
containing 11.2 mg/L for 4 years caused no ill effectsin
dogs. Drinking water with a chromium concentration of
25 mg/L administered to rats for six months caused no
deleterious effects.(0)

Inhalation of air containing high concentrations of
chromium causes respiratory damage and cancer (see
below).

Carcinogenicity

Hexavalent chromium can inhibit benzpyrene
hydroxylase activity. It has been suggested that com-
pounds capable of such inhibition are carcinogenic.®

In humans, exposure to hexavalent chromium salts
for periods of 2 to 26 years has been implicated as a
cause of cancer of the digestive tract. High levels of
chromium (and zinc) in soil have been correlated with
regional incidences of stomach cancer.®® |ead
chromate is believed to have caused the deaths, from
cancer, of five occupationally exposed individuals.(®
Based on exposure to chromium viainhalation, the
International Agency for Research on Cancer has
categorized “chromium and certain chromium
compounds’ in Group 1: sufficient evidence for
carcinogenicity in humans and animals." However,
arecent report by the U.S. Environmental Protection
Agency states that there are inadequate data to conclude
that chromium is carcinogenic viaingestion.9

M utagenicity

Hexavalent chromium is mostly inactive on isolated
nuclel and purified DNA but is able to induce every kind
of genetic effect in intact cells and whole mammals,
whereas trivalent chromium shows the opposite
tendency. This behaviour is attributed to the fact that
trivalent chromium usually crosses cell membranes only
dowly and istherefore unlikely to reach the nucleus of
intact cells. In contrast, hexavalent chromium crosses
cell membranes readily, in part by active transport; once
inside the cell, it is partialy reduced to the trivalent
state, which produces genotoxic effects.(®® Once inside
the cell, trivalent chromium can form tight complexes
with DNA, accounting for its mutagenic potential .59
Compounds of both trivalent and hexavalent chromium
increase non-complementary nucleotide incorporation
into DNA, with hexavalent chromium being effective at
lower doses.(5960) Exposure of cells from rat liver and
kidney to hexavalent chromium leads to increased
cross-linking in DNA. (39 Positive Ames tests have been
reported for hexavalent chromium but not for trivalent
chromium. (61.62)

Teratogenic and Reproductive Effects

Thereis no evidence that chromium compounds
have produced birth defects or reproductive deficitsin
man.“3) Animal studies have attributed malformations
such as cleft palate and skeletal defects to chromium,
but the effects may have been the secondary result of
maternal toxicity.3
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Rationale

1. Trivalent chromium (Cr[111]) is the most common
natural state of chromium and is essential in man and
animalsfor efficient lipid, glucose, and protein
metabolism. Chromium(l1l) is considered non-toxic;
however, if present in raw water, it is oxidized to
hexavalent chromium (Cr[(V1]) during chlorination.
Chromium(V1) is not considered an essential nutrient,
and known harmful effects of chromium in man are
attributed primarily to this form.

2. Knowledge of the toxic effects of hexavalent
chromium is derived almost entirely from occupational
exposures, with the main effects being observed on the
skin and respiratory tract. At the present maximum
acceptable concentration in drinking water (0.05 mg/L),
hexavalent chromium has not had any known harmful
effects on the health of man or animals. Data available
are insufficient to determine whether higher
concentrations would be equally safe.

3. The maximum acceptable concentration for
chromium in drinking water is therefore 0.05 mg/L.
Available survey dataindicate that concentrations of
total chromium in drinking water are low, averaging
0.0023 mg/L. Although chromium saltsimpart odour
and taste to water, the concentration at which this
occurs, 1.5 mg/L, is considerably higher than the
maximum acceptabl e concentration.
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