Background

Health Effects of Chromium VI Contamination of Drinking Water

Chromium VI is one of a number of toxic elements that has recently captured public attention and triggered serious popular concern.  The source metal is widely used for industrial purposes and has the potential to contaminate drinking water sources.  Two fractions of chromium - chromium III and chromium VI - are considered toxic and only chromium VI is considered a human carcinogen.  When inhaled, chromium VI can irritate the nose, throat and lungs; perforate the wall separating the nasal passages; or cause lung, stomach or liver cancer.  Scientists disagree about the carcinogenicity of chromium VI when orally ingested.  The Office of Environmental Health Hazard Assessment (OEHHA) concluded that orally ingested chromium VI should be considered carcinogenic.  Research indicates that at high levels orally ingested chromium VI has caused mouth sores, diarrhea and is associated with a higher rate of lung and stomach cancer.  Chromium and its variants are unusually persistent and mobile in the environment.  Chromium and chromium VI are very widely dispersed throughout California and the United States.

The release of the film Erin Brockovich in March of 2000 made chromium VI a common household word.  The film is based on the town of Hinkley, California and its residents who were exposed to high levels of chromium VI and suffered a wide variety of health conditions including various types of cancer.  The diligent work of a paralegal and the determination of residents who came forward resulted in a class action lawsuit and a $333 million settlement between the plaintiffs and Pacific Gas and Electric.  The Hinkley story, the film “Erin Brockovich” and the press coverage of chromium VI contamination has vastly increased public awareness about chromium VI and its health effects.

Chromium VI and California’s Drinking Water

A recent investigation found chromium VI in 30 of 80 San Fernando Valley area water wells.  The amount of chromium in these wells ranged from small amounts to 110 parts per billion.  At least two of the wells have levels of chromium above the state’s standards of 50 parts per billion.  Residents of Los Angeles, Glendale and Burbank consume the water in these wells.  The city of Burbank relies heavily on these wells which provide over 60% of the city’s water supply.  Currently, through a combination of treatment and water blending the chromium VI contamination is being managed.  Although the effects of the contamination are being mitigated and the water meets the state standards for drinking water when distributed to consumers, these findings have fueled public interest on chromium VI contamination.  

The presence of detectable levels of total chromium in California’s water is not unique to the San Fernando Valley.  According to the Department of Health Services, water sources in 48 out of California’s 58 counties have detectable levels of total chromium.  The Department of Health Services’ compliance monitoring database reflects that 1,000 drinking water sources in California reported total chromium between August of 1982 and 1999.  The majority of chromium detections were in groundwater sources, but a few surface water sources also had chromium detections.  The majority of water sources with detectable levels of total chromium were located in Southern California.

In 1999 the Office of Environmental Health Hazard Assessment, the entity charged with establishing public health goals that consider current scientific evidence and the public health, developed a public health goal of 2.5 parts per billion for total chromium in California’s drinking water.  The current standard or maximum contaminant level established by the Department of Health Services is 50 parts per billion.  Unlike the public health goals, maximum contaminant levels consider both public health goals and the economic and technical feasibility of achieving these goals.  The difference between the OEHHA public health goal and the state’s current standard has raised concerns about the appropriateness of the current standard and the safety of California’s drinking water.  The recommended public health goal also concerns water officials who estimate that lowering the current standard to the recommended goal may cost more than $47 million a year for replacement water to serve the City of Los Angeles alone.  Alternatives to mitigate the effects of chromium VI contamination and meet the state’s standard include ionization, reverse osmosis and water blending.  

The Department of Health Services, the entity responsible for setting California’s drinking water standards, established a five-year timeline to review the OEHHA recommendation and revise the standard for chromium VI.  The regulatory process will now be expedited due to the discovery of chromium VI in water sources across the state at levels higher than those expected, growing political pressure and the approval of legislation authored by Senator Adam Schiff.  Senate Bill 2127 requires the Department of Health Services to report to the Governor and the Legislature by January 1, 2002 on the level of chromium VI in the drinking water systems in the San Fernando Basin and assess the exposures and risks to the public due to the levels of chromium VI. 

California has established a drinking water standard for total chromium.  This standard is based on assumptions about the fraction of total chromium that chromium VI represents. The OEHHA public health goal for chromium VI is based on an assumption that only 7.2 percent of total chromium in water is chromium VI.  However, recent tests of California’s water reveal that chromium VI may constitute between 44 to 100 percent of total chromium in California’s water.  Therefore, Californians may be exposed to higher levels of chromium VI than what was initially estimated.  Some experts believe that the chlorination process may also result in higher levels of chromium VI. According to a study sponsored by the United States Environmental Protection Agency, free chlorination readily converts chromium III to chromium VI, thereby increasing the chromium VI fraction.  These recent developments have triggered an examination of the state’s drinking water safety standard and whether it adequately protects the public health.-
Chromium: Properties, Uses and Presence in The Environment

Chromium is a transition metal that is widely used for the production of metal alloys and other industrial purposes.  Metals and alloys that contain chromium are frequently used to manufacture automobiles, appliances and other consumer products.  Chromium is used to harden steel, in the manufacture of stainless steel and the production of industrially important alloys.  It is also used in the making of pigments, in leather tanning and for welding.  Chromium is a common element; it ranks 21st in natural abundance among the elements in earth’s core.  

While there are natural sources of chromium in the environment, the majority of chromium, particularly the majority of chromium VI, originates from industrial activities.  There are many different oxidation states of chromium existing in the environment.  However, chromium III and chromium VI are the most chemically stable and most common.  These two species of chromium are considered toxic elements and are regulated accordingly.  Chromium VI is more water-soluble, more easily enters living cells, and is much more toxic than chromium III.  Chromium VI is considered a human carcinogen by the National Toxicology Program, the International Agency for Research on Cancer, the United States Environmental Protection Agency, and the Office of Environmental Health Hazard Assessment.  

Humans are exposed to chromium through skin contact, inhalation, ingestion and ingestion following inhalation.  Chromium VI, which can act as an oxidant directly on the skin surface or can be absorbed through the skin, frequently irritates the skin in the form of skin ulcerations and allergic sensitization.  When absorbed into the blood system through the skin, chromium VI is quickly reduced to the less toxic chromium III.  However, absorption of large doses of chromium VI into the blood stream can result in severe kidney and liver damage.    

Overview of Research on Chromium VI and its Health Effects

While public concern about chromium VI contamination grows, many questions about the extent of chromium contamination and its human health effects remain unanswered.  Scientists continue to debate the carcinogenicity of chromium VI when orally ingested.  Some argue that chromium VI is not a carcinogen when orally ingested, others argue that existing research is insufficient to make a determination on this matter, and still others believe that chromium VI is a carcinogen when ingested.  Available research appears insufficient to ascertain the specific health effects caused by determinate levels of exposure to chromium VI.  Although it is clear that some individuals have died as a result of chromium poisoning, it is unclear what the dose/responses are.

Health Effects of Chromium VI When Inhaled

The toxicity and carcinogenicity of chromium VI when inhaled has been studied by scholars all over the world and is well documented.  Evaluations by the California Department of Health Services, the U.S. Environmental Protection Agency, and the U.S. Agency for Toxic Substances and Disease Registry indicate that the risk of lung cancers to workers exposed to chromium VI is extremely high.  When inhaled chromium VI has been found to irritate the nose, throat and lungs.  It can cause such severe damage as a perforation of the wall separating the nasal passages.  Chromium VI has been found to cause cancer of the upper airways and upper gastrointestinal tract.  Specifically, when inhaled Chromium VI may cause lung, stomach or liver cancer. 

Health Effects of Orally Ingested Chromium VI

Research on the health effects, toxicity and carcinogenicity of Chromium VI when ingested orally is less conclusive.  Scholars disagree about the carcinogenicity of orally ingested chromium VI.  Chromium VI is converted into Chromium III in the stomach when it comes into contact with gastric acids and other organic reducing agents.  Because of the reduction of chromium VI to chromium III in the stomach, some scientists believe that the rate of absorption of orally transmitted chromium VI is low and therefore doubt that orally ingested chromium VI is carcinogenic.  Other scholars argue strongly that chromium VI should be regarded as carcinogenic by the oral route. Max Costa, a toxicologist and chromium VI scholar has reviewed evidence that supports the conclusion that chromium VI is taken up by the gastrointestinal tract and transported to all tissues of the body.  Costa also reviewed epidemiological evidence that exposure to chromium VI causes increased risk of cancer in bone, prostate, stomach and other organs.  

A study of people exposed to 20 parts of chromium VI per one million parts of water found that the exposure to chromium VI caused mouth sores, diarrhea, stomachache, indigestion and vomiting.  Chromium VI also caused elevated levels of white blood cells and a higher per capita rate of lung and stomach cancer.  Some studies of the health effects of Chromium VI on animals have found severe developmental and reproductive effects, adverse effects on fertility and reproduction. These studies have also found that chromium VI causes contact site tumors in laboratory animals and that ingested chromium VI has been associated with stomach tumors in mice.  Other animal studies have found no significant health effects.  

The U.S. Environmental Protection Agency believes that presently, the carcinogenicity of chromium VI by oral ingestion cannot be determined because of a lack of sufficient epidemiological or toxicological data.  The World Health Organization also concluded that the data available is insufficient to show evidence of carcinogenicity via the oral route. The Office of Environmental Health Hazard Assessment (OEHHA) concluded that chromium VI should be assumed to be carcinogenic by the oral route.  OEHHA reached this conclusion because chromium VI is known to be a human carcinogen by the inhalation route, non-respiratory cancers have been found in workers exposed to chromium VI by inhalation, and chromium VI causes contact site tumors in laboratory animals. In addition, ingested chromium VI has been associated with stomach tumors in mice and chromium VI has been positive in a number of assays for genotoxicity. 
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