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Risk Assessment: Copper in Art and Craft Materials

Introduction

Copper is an integral component of a number of colorants, including phthalocyanine pigments, dyes and ceramic copper stains or glazes. Copper and bronze powders are used as colorants as well.   Exposures to artists and craftspeople can occur from incidental ingestion or inhalation during spray brush applications. EPA’s Action Level for copper in drinking water is 1300 (g/L with a Drinking Water Guideline of 1000 (g/L. Copper is a necessary micronutrient with deficiencies associated with perinatal anemia, growth retardation, impaired reproductive performance with low birth weight infants, bone disorders with osteoporosis, cardiovascular defects, teratogenic effects, disorders of white blood cell phagocytosis with associated increased incidence of  infections and neonatal ataxia, blood vessel abnormalities (dissecting aneurysms) and diarrhea with growth retardation. In Menkes syndrome, where there is a prenatal tissue deficit of copper, severe mental retardation ensues. Infants require 0.1-0.135 mg Cu/kg/d to prevent anemia. Children ages 3-6 years require 1-1.6 mg Cu daily to maintain health. In rodents daily requirements for copper range from 7.1-10 mg/kg/d while in poultry copper requirements average 39.4 mg/kg/d. The normal daily copper balance is maintained at 1.3 mg in children ages 6-10 years and 2-5.8 mg in adults. The recommended copper intake in children to maintain health is 2.5 mg/day (Underwood, 1971). The FDA Reference Daily Intake for copper is 2 mg. The US National Research Council recommends a copper intake of 50 (g/kg/d to maintain health (Nat Acad Sci-Nat Red Council 1958;  Publ. 598).  
The World Health Organization has set a provisional guideline for the concentration of copper in water of 2 mg/L (Pizzaro, et al. 1999b).  Olivares, et al (2001) in a follow up experiment found that men and women developed acute gastrointestinal symptoms at a copper concentration in drink of 4 mg/L with no effect at 2 mg/L, findings similar to the Pizzaro, et al. (1999b) study. This study, however, used daily doses of 200 mL of Cu-containing water as apposed to an average of 1640 mL in the Pizzaro, et al., study.  Araya, et al. (2001). in a similar study found that nausea occurred at concentrations of >4 mg/L in 200 mL drinks. Masking the metallic taste with a flavor increased the NOaEL concentration, further suggesting that this endpoint is concentration dependent and not dose dependent (Olivares, et al. 2001). Buchanan. Et al. (1999) in a study of 145 households and 442 occupants, also found that ingestion of copper-contaminated water, containing up to a median concentration of 2.8 mg Cu/L, was not associated with acute gastrointestinal symptoms. They performed a nested case-control study as well. In this latter study daily doses of copper up to 3 mg/kg/d were not associated with acute gastrointestinal symptoms. 

The risk associated with copper exposure appears to be related to at least two properties: the amount of ionized copper (soluble copper) present following ingestion of a copper-containing product and the amount of copper inhaled when a product is aerosolized. Estimates of the level of soluble copper in a colorant or product can be made by extraction with a weak hydrochloric acid solution by method ASTM D5517 (2003). Estimates of the amount of inhalable copper can be made by assessing the aerodynamic equivalent diameter (AED) of the copper material in question that is in the respirable range (4.25 microns or less AED, i.e., respirable fraction) and the degree of exposure to respirable aerosol that can occur during spray brush applications of products. 

Toxicity Concerns
Data on the acute and chronic toxicity of copper by ingestion are summarized in the attached table.

Acute ingestion of copper

Soluble copper is an emetic in experimental animals and man and this end point has been used to determine acceptable levels of copper in drinking water. Wyllie (Am J Public Health 1957; 47: 617) noted gastrointestinal symptoms in 10 of 15 nurses drinking cocktails from a contaminated cocktail shaker. A 21 mL cocktail was found to contain 5.3 mg of copper (250 mg Cu/L). The CDC (MMWR 1974; 23: 407) reported nausea and vomiting that occurred in 7 of 8 children following the ingestion of an orange drink containing 34 mg Cu/L. Spitalny et al. (1984) reported that 18 of 150 workers developed gastrointestinal symptoms after drinking tea containing 44 mg Cu/L. Knobeloch et al. (1994) evaluated occupants of 40 homes where the copper level was above EPA’s Action Level of 1.3 mg/L. Occupants of only one home (with a copper level of 5.3 mg/L in the water) had gastrointestinal symptoms that the investigators felt were related to copper exposure. Pizarro et al (1999a) found that propensity to vomit was related to the level of copper in drinking water. Subjects drank an average of 1.64 L/day of water containing copper at levels of 1, 3, or 5 mg/L for 2 weeks. Subjects who drank water containing 3 or 5 mg Cu/L had more symptoms of nausea and vomiting than unexposed controls. Symptoms of diarrhea were not related to copper exposure. Adding flavoring to water can decrease symptom frequency. Olivares et al (2001) dosed healthy subjects with 200 mL of water, with or without orange flavoring, containing copper up to 12 mg/L as copper sulfate. The NOEL for nausea and vomiting increased from 6 mg/L to 12 mg/L with the addition of orange flavoring. In a study by Buchanan et al (1999) correlating symptoms and copper levels in household drinking water, individuals in households with copper levels >3 mg/L (maximum 8.1 mg/L) did not have increased gastrointestinal symptoms compared with households with low levels of copper in their drinking water. Diarrhea can occur at higher levels of copper exposure. Chuttani et al (1965) found no effects with ingestion of 6 mg Cu/kg as copper sulfate. Diarrhea occurred with ingestion of >6 to 40 mg/kg. The authors felt that the diarrhea was likely secondary to the irritant action of copper sulfate since blood was found in the stool of all symptomatic cases. Hopper & Adams (Publ Health Reports 1958; 73: 910-4) identified acute gastrointestinal symptoms in individuals ingesting carbonated beverages containing 35-260 ppm copper. When copper is presented in a different form, however, gastrointestinal symptoms do not occur. Thus, Kehoe et al (2000) found that men could tolerate a daily supplement of 3 mg of copper sulfate or 6 mg of copper glycine chelate for 18 weeks without symptoms. Araya, et al. (2001) found diarrhea associated with a copper concentration in water of 8 mg/L with an NOaEL of 6 mg/L. Other studies have not found diarrhea with copper concentrations below 6 mg/L. (Pizzaro, et al. 1999a; Pizzaro, et al. 1999b; Olivares, et al. 2001). 

Although nausea and vomiting may be appropriate end points for evaluating acceptable levels of copper in drinking water, for art and craft materials where ingestion in other than trace amounts is likely to be accidental, consideration of other acute toxic effects may be more appropriate. ATSDR (2002) discounts reports of acute lethalities in man because of potential reporting bias. A recent study overcomes this shortcoming. Copper sulfate has been used as an emetic in clinical practice and has been used as an agent for committing suicide. Liu et al ( 2001) describe the case of a Chinese woman who attempted suicide by ingesting 50 mg of diazepam. She was given 2.5 g of copper sulfate in 1750 mL of water as an emetic, equivalent to 14 mg Cu/kg, assuming a 53 kg body weight (Popkin et al, 1995). This treatment was followed by hemolysis and acute tubular necrosis. The authors report on an additional 11 cases of acute copper sulfate poisoning either when ingested with suicidal intent or when used as an emetic. Nine died of acute renal failure after copper sulfate doses ranging from 9–400 g. Two individuals ingesting 6 and 120 g of copper sulfate recovered. Hayes (1982) reports two children who became ill on eating grapes treated with copper sulfate. One died and one recovered. Measured absorbed copper levels  were 12.5 and 16.5 mg/kg.

Similar acute toxic effects have been demonstrated in experimental animals. Vogel (1961) gave mice intraperitoneal injections of 22 mg Cu/kg in the form of an ionized copper-albumin complex. Within 6 hours there was evidence of proximal renal tubular accumulation of copper and acute tubular necrosis.   NTP (TOX 29) conducted a 2 week drinking water study of copper sulfate in rats and mice. No deaths occurred at the 1000 ppm exposure level (equivalent to 12.7-15.2 mg Cu/kg/d) but at 3000 ppm and higher, exposures produced lethalities. The only pathological findings at 300 and 1000 ppm were an increase number of cytoplasmic protein droplets in the proximal renal tubules of male rats. In a 2 week feeding study (NTP, TOX 29) there were increased protein droplets in the proximal renal tubules of rats but not mice at 4000 ppm. No adverse effects were seen at 2000 ppm (equivalent to 16 mg Cu/kg/d in rats). At 8000 ppm there were findings of hepatitis and depletion of hematopoietic cells in the bone marrow. 

Acute inhalation of copper

Copper is also acutely toxic when excessive levels of copper-containing dusts are inhaled or accidentally aspirated into the lungs. Acute inhalation exposure to copper dust can result in metal fume fever with mucous membrane irritation and an acute, self-limiting alveolitis (Nemery, 1990). Bronze powder used for gilding Christmas cards, containing 70% copper and 30% zinc, was accidentally aspirated by a child who subsequently developed a cough, vomiting, chills, cyanosis, abdominal distension and diarrhea. He died of acute bronchopneumonia and pulmonary edema. Acute necrosis of the proximal tubules of the kidney was found at autopsy (Gosselin et al, 1984). A similar incident has been reported in which an elderly day care patient with senile dementia, who inhaled copper powder used in a craft activity, died in acute respiratory distress. At autopsy he was found to have pulmonary edema and a greenish discoloration of his lungs (Litovitz et al, Annual Report of the American Association of Poison Control Centers Toxic Exposure Surveillance System, 1998). Acute inhalation toxicity of copper dusts have has also been demonstrated in an animal model. Thomson et al (1986) investigated the effects of a single, 4 hr exposure to brass powder at levels ranging from 1-200 mg/m3.  They found a dose-related increase in acute inflammatory changes in airways and bronchial fluid associated with an increase in pulmonary resistance.  

OEHHA (http://www.oehha.ca.gov/air/acute_rels/pdf/CusA.pdf) has set an acute reference exposure level (REL) for copper at 100 (g/m3 for 1 hour to protect against mild, acute adverse effects. For deriving this REL, they used an LOEL of 1-3 mg/m3 (ACGIH, 1991) for metal fume fever from exposure to copper oxide fume. OEHHA has not developed an REL to protect against chronic adverse health effects associated with excessive exposures to copper.

Chronic ingestion of copper
The National Research Council (2000) recommends that childhood liver cirrhosis in susceptible populations, i.e., those with idiopathic copper toxicosis or related conditions, should be considered when regulating copper in drinking water. Excessive copper ingestion has been associated with the development of liver inflammation and chronic liver disease. In India excess copper in milk from boiling formula in copper and brass vessels has resulted in early childhood cirrhosis (Scheinberg & Sternlieb, 1994). In a study by these authors, 5 of 7 children with early childhood cirrhosis had maximum copper levels in their home water that ranged from 3.4-13 mg/L. These 7 infants had excess liver copper levels ranging from 425-3380 ppm (nomal 295 ppm or less). Dieter et al (1999) noted that 5 of 8 infants with histologically-confirmed childhood cirrhosis of unknown etiology had been previously fed formulas with high copper content (9-26.4 mg/L).  Both acute and subacute human dosing studies with copper salts have looked at serum enzyme changes as indicators of early of liver toxicity. Pizzaro, et al. (1999a) investigated such changes in 60 women who were dosed with copper sulfate intermittently over a period of 12 weeks. No liver effects were seen at the highest dose (0.13 mg/kg/d for 2 weeks) nor during the entire 12 week study where dosing averaged 0.042 mg/kg/d. Pizzaro, et al. (2001) dosed 45 women with  copper salts for 9 weeks and found no liver enzyme changes. Using the water intake data of Pizzaro, et al. (1999a), the average copper dose during this interval was 0.073 mg/kg/d. Olivares, et al.(1998) dosed infants with 2 mg Cu/L for 9 months starting at age 3 mos. This is equivalent to 0.32 mg/kg/d at 14 weeks of age and 0.083 mg/kg/d at 12 mos of age. No liver enzyme changes were noted at these doses.  In 3 Massachusetts towns where there were 64124 child-years of exposure to high levels of copper in the water (8.5-8.8 mg/L; equivalent to 1.4 mg/kg/d in 3 month old infants and 0.20 mg/kg/d in 5 year old children) between 1969 and 1991, no deaths occurred in children from cirrhosis or any form of liver disease (Scheinberg and Sternlieb, 1994).  Cirrhosis with associated elevated liver copper levels was identified in a runner who took 30 mg of f copper each day as a supplement for 30 months and then 60 mg a day for another year (O’Donohue et al, 1999). Dieter et al (1999) noted that 5 of 8 infants with histologically-confirmed childhood cirrhosis of unknown etiology had been previously fed formulas with high copper content (9-26.4 mg/L).  Such an illness has not been found, however, with lower levels of copper exposure. In 3 Massachusetts towns where there were 64124 child-years of exposure to high levels of copper in the water (8.5-8.8 mg/L; equivalent to 1.3-1.8 mg/kg/d in infants) between 1969 and 1991, no deaths occurred from cirrhosis or any form of liver disease (Scheinberg and Sternlieb, 1994).   
Both liver and kidney disease occur in experimental animals that chronically ingest excessive amounts of copper. In a 13 week feeding study NTP (TOX-29) found no deaths or clinical signs of toxicity in rats receiving up to 551 mg of copper sulfate/kg/d or mice receiving up to 4157 mg/kg/d via the diet. Rats developed, however, a microcytic anemia (as seen with blood loss) and hepatitis. Increases in urinary glucose and NAG, a renal tubular epithelial enzyme, suggested and tubular effects. The NOEL for liver effects was 1000 ppm and for kidney effects 500 ppm, equivalent to 8 mg Cu/kg/d. Gastric inflammation occurred at exposure levels of 2000 ppm or greater in the diet. Mice dosed at 4000 ppm in the diet had findings of gastric irritation at autopsy. No other histological changes were noted at dietary levels up to 16000 ppm of copper sulfate. In a shorter duration study, rats given drinking water containing 1250 ppm of copper acetate for one month had no evidence of liver effects by histology or enzyme changes (equivalent to 50 mg Cu/kg/d; Gaeta et al, Boll Soc Ital Biol Sper 1980; 56: 1626-8). Gummow (1996) dosed cattle with 0.6-12 mg Cu/kg/d for 745 d as copper sulfate. No effects were seen at the 0.6 mg/kg/d level. Subclinical effects (enzyme changes) of liver disease were seen at dose levels of =>12 mg Cu/kg/d. In pigs dosed with 8.8-36 mg Cu/kg/d for up to 54 days, liver changes were seen at 36 mg/kg/d and anemia at 14.6 mg/kg/d. (ATSDR, TP-90-08, 1990). No effects were seen at a dose of 8.8 mg/kg/d. It would appear that no adverse effects would be expected in either man or experimental animals when the amount of copper ingested each day is below a level of 1.8 mg/kg. 

Chronic inhalation of copper
Inhalation of copper dust has been associated with chronic toxic effects as well. Exposure to copper sulfate spray in vineyards has been associated with the development of granulomas and fibrotic changes in the lungs (vineyard sprayer’s lung). For work place exposures the ACGIH Threshold Limit Value for copper is 0.2 mg/m3 as fume or 1.0 mg/m3 as dusts or mists. No ill health effects have been noted with welding fume exposures up to 0.4 mg/m3 (ACGIH, 1991). The safety of this value has been confirmed in experimental animals. Rabbits exposed to an aerosol of Cu++ at a level of 0.4-0.6 mg/m3 for 6 hrs/d, 5 d/wk for 1-8 months had no pathological changes except for an increase in the volume of type II alveolar cells. (Johansson et al, 1984; Johansson & Camner, 1986). Excessive copper exposure can occur by concentrating and inhaling aerosols of copper-containing paints. Wilde (1975) found increased copper excretion in the urine of students who used metallic spray paints in aerosol cans as intoxicants. 

Studies to determine the carcinogenicity of copper are few. Copper has been evaluated by USEPA (IRIS, 2001) as a chronic toxicant. They classify copper as a Group D carcinogen because of inadequate animal data. The carcinogenicity of one copper-containing compound, copper hydroxyquinoline, has been studied in mice. Animals were dosed with 180 mg Cu/kg/kg from age 7- 28 days  and then received 505 ppm copper in their feed (equivalent to 60 mg/kg/d)  for an additional 50 weeks. No increased tumor incidence was observed in 78 week old animals. IARC has also reviewed this data and has classified copper hydroxyquinoline as a Group 3 carcinogen (IARC Monoraphs 1987; Suppl 7: 61).

Exposure and Risk Assessment

Ingestion

Copper is used in liquid hobby glazes which are usually packaged in 4-8 oz jars. Such glazes are commonly used in the home, in nursing homes and in psychiatric hospitals. Incidents of glaze ingestion of the order of 1-3 ounces acutely have been documented in all of these locations with higher amounts ingested with suicidal gestures. Similar ingestion exposures with other liquid art materials have been reported. If an adverse effect could occur at an exposure of 14 mg/kg acutely, then a 20 kg child would be expected to be at risk of such an effect after ingesting a liquid art material  containing  0.3–1.0% copper. In order to prevent such an effect, a safety factor should be used. With a 10 fold safety factor, a level of soluble copper in the range of 0.03-0.10% could be present where accident ingestion of the product would be unlikely of producing an acute adverse health effect.
Incidental ingestion of copper might occur in association with the brush application of copper-containing art materials. The amount that might be ingested, however, is likely to be small. In a study we conducted of ceramists who brush-applied lead-containing glazes in a controlled studio environment (Stopford, 1988), no evidence was found of increased lead absorption among the ceramicists compared to a control group of ceramic workers without lead exposure. Estimates for ingestion of dirt by children range from 80 to 100 mg/day (USEPA, Exposure Factors Handbook, 1997), or for a 20 kg child, 4-5 mg/kg/d. It is not unreasonable to assume that chronic ingestion of an art material would be in this range. Infants and children require 0.05-0.14 mg/kg/d of copper to maintain health, a factor of 10-20 fold less than intakes not associated with chronic liver disease in children. Using this safety margin, an acceptable level of soluble copper in art materials used on a daily basis to prevent adverse chronic effects would be on the order of 2.8-3.5%. 

Inhalation

Inhalation exposure to copper can occur from spray brushing copper-containing liquid art materials, from sanding solid art materials or from the preparation and vacuuming of dusty art materials. We have completed a number of studies to define average daily exposures to respirable dust associated with art and craft activities. The methodologies for the development of these exposure assessments are detailed at http://duketox.mc.duke.edu/cpscdust3.pdf. Daily average respirable aerosol exposures by activity were modeled to be as follows:

Activity 



Average Exposure over 24 hours ((g/m3)

Chalks and pastels

Drawing




0.5


Vacuuming




0.3

Total:




0.8

Ceramic glazes, clays and slips
Ceramic glaze spraying


0.3

Liquid art materials





Water paints




0.6

Acrylic Paints




0.3

Oil Paints




1.5

Powdered art and craft materials

1.4

USEPA (1997) finds that a man inhales an average of 15.2 m3/day. Average daily inhaled dose can be determined by multiplying the average daily exposure times the average inhalation rate. Correcting for a 5 day work week, the average inhaled dose of art and craft materials is as follows:
Art Material



Average daily inhalation dose ((g)

Chalks and pastels



 
8.6

Water paints





6.5

Acrylic paints





3.3

Oil paints





16.3

Ceramic glazes




3.3

Powdered art and craft materials


15

Ten art product lines were randomly surveyed in each of these categories to find respirable copper content. Only products containing copper were surveyed. The maximum respirable copper level for any color in a line was recorded. The results are as follows: 

Art Material



Range of maximum respirable copper values (%)

Chalks and pastels



 
0.06-1.1

Water paints





0.02-4.5

Acrylic paints





0.02-1.0

Oil paints





0.08-2.7

Ceramic glazes




0.2-2.0

Powdered art and craft materials


0.01-2.5

Using the maximum value for each of these categories the average daily inhaled dose to respirable copper, by category, is calculated to be no more than:

Art Material



Average daily inhalation dose ((g)

Chalks and pastels



 
0.09

Water paints





0.3

Acrylic paints





0.03

Oil paints





0.4

Ceramic glazes




0.07

Powdered art and craft materials


0.4

ACGIH (1991) found that workers can be exposed chronically to an environment containing 0.4 mg/m3 of a respirable aerosol of copper without health effects. This has been confirmed with animal exposure studies. Assuming a workday inhalation rate of 10 m3 and correcting for a 5 day work week, then the expected daily copper inhaled dose would be 2860 (g. This is a factor of 7000-95000 greater than would be expected from spray brushing or working with dusty art or craft materials.

Conclusions

Although the risk of chronic health effects from inhaling art materials containing copper is low, there is an appreciable risk of acute health effects from the accidental or intentional (suicidal) ingestion of copper-containing liquid art materials or dusts. Ingestion of soluble copper in solution has been associated with hemolysis and acute renal failure. Individuals have ingested 1-3 oz of a liquid art material accidentally. Such an effect would be possible with the ingestion of a liquid art material that contained as little as 3000 ppm of soluble copper. In comparison, the soluble copper content of liquid glazes ranges up to 22000 ppm. At this level there may concerns for chronic adverse effects as well from the daily ingestion of incidental amounts of an art material.
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Woodhall Stopford, MD, MSPH

Table Copper Dose Effects in Humans by Ingestion
	Effect
	Population
	Dose
	Reference

	Acute ingestion
	
	(mg/kg/d)
	

	Death/renal failure
	Adults
	14  (LOEL)
	Liu et al ‘01

	
	Child
	12.5 (absorbed dose; LOEL)
	Hayes ‘82

	Liver
	Adults
	0.13 (NOEL) 
	Pizzaro et al  ‘99a

	Intermediate ingestion
	
	
	

	Liver
	Infants
	1.5-4.3 (LOEL )
	Dieter et al ‘99

	
	Infants (3mos)
	0.315 (NOEL)
	Olivares ‘98

	
	Infants (12 mos)
	0.083 (NOEL
	Olivares ‘98

	
	Infants (population)
	1.4 (NOEL) 
	Scheinberg & Sternlieb ‘94

	
	Adults
	0.042 (NOEL)
	Pizzaro et al  ‘99a

	
	Adults
	0.073 (NOEL)
	Pizzaro et al ‘01

	Chronic Ingestion
	
	
	

	Liver
	Children (population)
	0.20 (NOEL)
	Scheinberg & Sternlieb ‘94
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