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Hexavalent chromium, or Cr(VI), compounds:
contain the metallic element chromium (Cr) 

in its +6 valence (hexavalent) state

Examples include:

potassium chromate dichromate
sodium chromate chromium trioxide
lead chromate

Presenter
Presentation Notes
Hexavalent chromium compounds contain the metallic element chromium in its +6 valence state.  Chromium has six oxidation states, with the hexavalent state being one of the most stable forms in the environment.  
Chromium is used in the manufacture of stainless steel, and other alloys, as well as in making pigments, and in leather tanning and welding.
The general public can be exposed to Cr(VI) in ambient air through manufacturing emissions and from cigarette smoke; or orally through contaminated drinking water. 
Chromium and chromium compounds are absorbed after oral, dermal, or inhalation exposure. Most studies of absorption of Cr(III) or Cr(VI) after oral administration to rodents found that only 1% or 2% of the administered dose is bioavailable, whereas similar studies with humans report somewhat higher numbers, particularly for Cr(VI). 
Human and animal studies show that chromium is widely distributed in the body after oral, intra-tracheal, i.v., or i.p. administration of Cr(VI). When given by the oral route, chromium levels were particularly elevated in the liver, kidney, and spleen, but were only modestly elevated in red blood cells.  
In pregnant experimental animals, Cr(VI) given in drinking water has been shown to cross the placenta and reach fetal tissues. 
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Non-DART Toxicities of Cr(VI)

Human Studies
Oral – Toxicity to digestive tract, altered white cell count, kidney toxicity, and 
death.  Possible increased risk for stomach cancer.

Inhalation – Lung cancer and other respiratory effects.

Animal Studies
Oral – Cancer in rats and mice of both sexes. 

Inhalation – Anemia, lung and nasal cancers, and other lung effects. 

Presenter
Presentation Notes
Oral exposures of humans to Cr(VI) have occurred through contamination of well water or other accidental poisoning.  Effects included: mouth ulcers, diarrhea, abdominal pain, indigestion, vomiting, leukocytosis, presence of immature neutrophils, metabolic acidosis, acute tubular necrosis, kidney failure, and death.. 
Effects of Cr(VI) exposure by inhalation include nasal atrophy and ulcerations, septal perforations, pulmonary function changes, and other respiratory effects. IARC, U.S. EPA, NTP, and OEHHA have all identified hexavalent chromium as a known human carcinogen.  
Similar effects of Cr(VI) have been reported in studies of laboratory animals by both the oral and inhalation routes. 
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Animal studies of Cr(VI) developmental toxicity

Gestational Exposure
• 5 drinking water studies
• 1 rat, 4 mouse
• Effects on fetal viability, weight, external and skeletal anomalies
• Effective concentrations: 50 – 1000 ppm
Pre-gestational Exposure
• 5 drinking water studies
• 2 rat, 3 mouse
• Effects on fetal viability, weight, external and skeletal anomalies
• Effective concentrations: 250 – 5000 ppm

Presenter
Presentation Notes
Five developmental toxicity studies with gestation-only exposures to Cr(VI) in drinking water were identified: one in rats, and four in mice. Most of these studies used potassium dichromate, although one used potassium chromate. 
Most of the studies used Cr(VI) concentrations in the range of 50 – 1000 ppm, and all of these studies reported statistically significant effects on embryo-fetal viability, growth, and the frequencies of external and skeletal anomalies.  One mouse study use much lower concentrations of 5 and 10 ppm, and did not report developmental effects.
There were some reductions in gestational maternal weight gain observed in the rat study, as well as in the mouse studies at concentrations of 500 ppm and above.  In all cases, this appeared to be the result of decreased litter weights. No maternal deaths or clinical or behavioral signs were reported in any of these studies.
In addition to gestational studies, relevant adverse developmental effects may result from exposure of either parent prior to conception. In the “pre-gestational exposure” studies described here, the treatment period for female animals ranged from 20 days to 3 months prior to mating.  Treatment ended prior to mating, such that the males were never exposed.  In one of these studies, the dams’ *mothers* were exposed to Cr(VI) during gestation and lactation.  Then, at postnatal day 60, female offspring were mated with unexposed males.
All of these studies used potassium dichromate in drinking water.
Observed fetal effects were similar to those found with gestational exposures, including: decreased viability, effects on growth, and increased frequencies of external and skeletal anomalies. Effective Cr(VI) concentrations ranged from 250–5000 ppm, with most studies using a range of 250 – 750 ppm.
In some of these studies, maternal and fetal levels of Cr(VI) were determined and found to be elevated in the dams and their offspring. Hence, it would appear that chromium accumulated in maternal tissues during treatment, remained during the (untreated) mating period, and then crossed the placenta into fetuses during gestation. 
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Animal studies of Cr(VI) 
female reproductive toxicity

• Eight drinking water studies: 3 in rats, 5 in mice
• Effects included:

— Ovarian changes
— Lengthened estrous cycles
— Decreased mating and fertility indices
— Decreased embryo-fetal viability 
— Complete pregnancy failure
— Delayed vaginal opening (♀ F1 offspring)

• Effective concentrations: 5 – 1000 ppm

Presenter
Presentation Notes
Data on the potential female reproductive toxicity of Cr(VI) in experimental animals comes from 3 drinking water studies in rats and 5 in mice.  All of these studies used potassium dichromate.
All of the studies in both species gave evidence for adverse effects of Cr(VI) on the female reproductive system at concentrations in drinking water ranging from 5 ppm (ovarian alterations at ultra-structural level) to 1000 ppm (complete pregnancy failure in all exposed dams). Exposure to more moderate concentrations (200–750 ppm), was associated with effects such as: lengthened estrous cycles, decreased mating and fertility indices; decreased numbers of corpora lutea, implantation sites, and live fetuses/litter; and increased frequencies of pre- and post-implantation loss, as well as increased numbers of resorption sites. 
In one rat study, female offspring were exposed to 200 ppm Cr(VI) when their mothers were treated during lactation. Vaginal opening was significantly delayed, estrous cycles lengthened.  The numbers of ovarian follicles were reduced in these animals, and hormone levels altered.
Most of the studies did not report on systemic toxicity, or reported NO systemic effects.  One rat study showed increased mortality among treated females.  Two rat studies and one mouse study showed decreases in gestational weight gain, which appeared to be the result of decreased litter weights.
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Animal studies of Cr(VI) male reproductive toxicity
(part 1)

• Sixteen studies evaluated
• Species: monkey, rat, mouse, rabbit
• Routes: drinking water, feed, gavage, i.p. injection
• Findings included effects on:

— Testicular weights and histopathology
— Male reproductive accessory organs
— Sperm parameters
— Testicular hormones and biochemistry
— Sexual and aggressive behavior 

Presenter
Presentation Notes
16 available studies on the potential male reproductive toxicity of Cr(VI) in experimental animals include studies conducted in monkeys, rats, mice, and rabbits.  Means of exposure included drinking water, feed, gavage, and i.p. injection.  Most of these studies used potassium dichromate as the test compound.  1 rat study used chromium trioxide, another used sodium dichromate, and two used sodium chromate.
All but one study showed adverse effects on some aspect of the male reproductive system, regardless of species or route of Cr(VI) exposure.  Observations included histopathology findings, altered sperm parameters, altered testicular biochemistry, altered sexual and aggressive behavior, altered weights of testes, epididymides, and/or other accessory organs, decreases in testicular protein, DNA, and RNA, and decreased serum and/or testicular testosterone. Male fertility was tested in only 3 studies.  Only 1 of these reported decreases in embryo-fetal survival in untreated dams mated to Cr(VI)-exposed males. 
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Animal studies of Cr(VI) male reproductive toxicity
(part 2)

Effective doses & concentrations of Cr(VI)
• Drinking water

— Monkeys: > 100 ppm
— Rats: 1000 ppm
— Mice: > 2000 ppm

• Feed or gavage
— Mice: 10 – 60 mg/kg-day, 100 – 400 ppm
— Rabbits: 5 mg/kg-day

• Injection, i.p.
— Rats: 0.05 – 4 mg/kg-day
— Rabbits: 2 mg/kg-day

Presenter
Presentation Notes
In macaque monkeys, effects were seen at drinking water concentrations > 100 ppm.  In rats, 1000 ppm was an effective concentration, in mice, > 2000 ppm.  In rat feed or gavage studies, effects were seen at doses ranging from 10–60 mg/kg-day.  1 feeding study in mice found effective concentrations of 100–400 ppm.  In a rabbit gavage study, the test dose of 5 mg/kg-day was associated with ♂ reproductive toxicity.
When given by the i.p. route, the effective concentration of Cr(VI) in rats ranged from 0.05–4 mg/kg-day. In rabbits, the test dose of 2 mg/kg-day was associated with adverse effects on male reproductive organs.
Most studies either did not report on systemic toxicity, or else reported NO systemic toxicity. 1 monkey study reported deaths after more than 3 months on 400 ppm Cr(VI) in drinking water. 1 rat and 1 rabbit gavage study showed decreased body weight or weight gain at 40 or 5 mg/kg-day, respectively.  The frequency of deaths ↑ with ↑ dose in a rat i.p. study.  And a mouse drinking water study found ↓ body weights at a concentration of 2000 ppm.
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