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Copper and its inorganic com-
pounds

BAT Value Documentation
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Abstract

The German Commission for the Investigation of Health Hazards of Chemical Compounds in
the Work Area has evaluated copper (CAS No 7440-50-8) in 2016.

Due to the homeostatic regulation of copper there is no correlation between copper exposure in
air and copper in blood or urine. Neither increased inhalation exposure higher than the MAK
value of 0.01 mg copper/m? nor increased oral supply lead to an increase of copper in blood or
urine, even if first signs of exposure such as increased C-reactive protein (CRP) are observed. An
additional occupational burden cannot be differentiated from physiological levels of copper.
Therefore, the evaluation of a biological tolerance value (BAT value) and a biological reference
value (“Biologischer Arbeitsstoff-Referenzwert” (BAR)) for copper and its inorganic compounds
is not indicated.
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BAT (2016)
BAR (2016)

MAK value (2013)
Peak limitation (2013)

Absorption through the skin
Sensitization

Carcinogenicity

not established
not established

0.01 mg copper/m*R

Category ll, excursion factor 2

Prenatal toxicity (2006) Pregnancy Risk Group C

Germ cell mutagenicity -

Synonyms -

Chemical name Cu

CAS number [7440-50-8]

Molecular formula Cu

Molecular weight 63.55 g/mol

Melting point 1083 °C

Boiling point at 1013 hPa 2595°C

Density at 20 °C 8.94 g/cm?

Substance CAS number Molecular Molecular weight Solubility in
formula [g/mol] water

Copper 7440-50-88 Cu 63.55 insoluble

Copper(I) chloride 7758-89-6 CuCl 99.00 barely soluble

Copper(II) acetate 142-71-2 Cu(CH;- 181.64 soluble
CO0),

Copper(II) carbonate 1184-64-1 CuCO;s 123.56 insoluble

Copper(II) chloride ~ 7447-39-4 CuCl, 134.45 soluble

Copper(II) hydroxide 20427-59-2 Cu(OH), 97.56 insoluble
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Substance CAS number Molecular Molecular weight Solubility in

formula [g/mol] water
Copper(Il) nitrate 3251-23-8 Cu(NOsy), 187.56 soluble
Copper(II) oxide 1317-38-0 CuO 79.55 insoluble
Copper(Il) oxysulfate 12158-97-3 Cu;0,S0, 318.71 barely soluble
Copper(Il) sulfate 7758-98-7 CuSO, 159.61 soluble
Copper(II) sulfate 7758-99-8 CuSO,45H,0  249.68 soluble
pentahydrate

For humans, copper is an essential trace element, a constituent of many proteins
and enzymes. The daily intake is between 1 and 4 mg, mainly via the diet (Greim
2004, translated).

Next to aluminium, copper is one of the most widely used non-ferrous metals and
is commonly found in nature. Copper is used as raw material in the electrical and
construction industry and in machine and apparatus construction. In addition, it is
used as active ingredient in pesticides and wood preservatives, in antifoulings, feed
additives and in colour pigments.

1 Toxikokinetics and Metabolism

Absorption, distribution, elimination

At the workplace the main route of uptake of metallic copper is via the airways. In
addition, by swallowing copper-containing dusts and via food and drinking water,
oral ingestion of copper and subsequent absorption in the gastro-intestinal tract are
possible. The normal daily intake of copper is considered to be between 0.9 and
4 mg (BfR 2004). Dermal absorption is only of minor importance for the uptake of
copper or its inorganic compounds.

The copper concentration in the body is finely regulated. The central organ of the
copper homoeostasis is the liver. It is assumed that homoeostastic regulation takes
place over a wide intake range of 0.8 to 5.5 mg/day (Itter and Pabel 2013). Copper is
eliminated primarily via the bile and thus with the faeces. Excretion in urine is given
to be less than 60 pg/day (Harris 1991). Excess supply, however, can result in an
increased urinary excretion (WHO 1998). For the biological half-life of copper
13 to 33 days (Bolt 2012) or 20 to 35 days are reported in literature (BfR 2004).

2 Critical Toxicity

Copper is an essential trace element and constituent of many proteins, among oth-
ers of more than 20 enzymes. To avoid a deficiency, an oral intake of 1-3 mg/day is
regarded as necessary (SCOEL 2014). Intake amounts of up to 5 mg/day are consid-
ered tolerable (SCF 2003). After inhalation exposure the acute effects described

The MAK Collection for Occupational Health and Safety 2018, Vol 3, No 1
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include irritation of the airways and flu-like or cold-like symptoms (“metal fume
fever-like” symptoms).

After repeated inhalation exposure to high levels of metallic copper dust gastro-
intestinal symptoms occurred. Apart from these, neurological symptoms (for ex-
ample headaches, numbness, poor memory, concentration problems) were de-
scribed. Inflammation of the airways is regarded as critical toxicity after inhalation
exposure. An increased oral intake of copper over a longer period of time leads to
liver dysfunction. Regarding the hepatotoxicity of copper children are much more
sensitive than adults. For the occurrence of systemic toxicity (for example in the
liver) a NOAEL of 10 mg copper/day is given for adults (Itter and Pabel 2013). For
further information the reader is referred to the MAK documentations (Greim
2004, translated; Hartwig 2014, translated).

3  Exposure and Effects

After occupational inhalation exposure to 0.64—1.05 mg copper/m? the plasma
copper concentrations in exposed workers did not differ significantly from those of
non-exposed control persons (108 + 4 ug/dl versus 99 + 3 pg/dl) (Finelli et al. 1981).
From this it can be concluded that no dose-dependently increased internal copper
concentrations are to be expected up to an inhalation exposure of about 1 mg cop-
per/m? (SCOEL 2014).

If the MAK value of 0.01 mg copper/m? (R) is adhered, no increased blood copper
concentrations are to be expected in comparison with the general population. The
derivation of a BAT value for copper is therefore not indicated.

Similarly, after oral ingestion of copper with the drinking water for 2 months, no
relationship between the measured copper concentrations in serum and the level of
the oral copper exposure (< 0.01 to 6 mg/l drinking water) was found. Independent
of the concentrations in serum (estimated mean value about 18 umol copper/l or
1.14 mg copper/l), however, there was an increase in gastro-intestinal symptoms
with increasing copper concentrations (Araya et al. 2003).

Increased internal exposures compared with control persons were found in a
study by Afridi et al. (2009). Here, biological materials (blood, urine, hair samples)
from 56 production workers, 35 employees in the quality control and 75 non-
exposed employees from a Pakistani rolling mill were investigated. Details of exter-
nal exposure are not given. In all three matrices, however, increased values were
found for the employees classified as exposed. The mean values (or the range of
values) in blood were 1.85 (1.63-2.36) mg/I for non-exposed employees, 2.97 (2.24—
3.66) mg/l for quality control employees, and 3.84 (3.09-4.63) mg/1 for production
workers. In urine, the values were 0.19 (0.14—0.25) mg/I for non-exposed employ-
ees, 0.37 (0.28-0.49) mg/1 for quality control employees and 0.53 (0.46—0.62) mg/1
for production workers. In the analyzed hair samples the copper levels were 12.2
(11.1-13.3) pg/g, 15.3 (12.8-17.8) pg/g and 17.9 (15.3—-19.6) pg/g, respectively.
There are no data available for possible effect reactions resulting from the expo-
sures. With regard to the production workers, the study collective with the highest
exposure, the authors point to the high proportion of persons (24 of 56 investigat-
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ed) with “kidney problems”. In addition, 16 of the 56 test persons were reported to
have “abnormal liver function”.

In an investigation of workers in a Russian copper refinery no association could be
established between external copper exposures up to about 2 mg/m? (inhalable, wa-
ter soluble fraction) and the urinary excretion of copper (see Figure 1). Depending
on the work areas, the mean values in urine samples were 21 pg/l (pyrometallurgy,
71 workers, 267 samples) and 18 pg/l (electrorefinery, 56 workers, 220 samples).
There are no data available for possible effect reactions in exposed employees
(Nieboer et al. 2007).

As part of an experimental study on the occurrence of signs of systemic inflamma-
tion after inhalation of zinc- or copper-containing welding fumes, 15 test persons
were exposed to welding fumes containing either zinc, zinc and copper (Zn/Cu) or
only copper (Cu) for 6 hours each. An additional physical strain was simulated with
the help of a bicycle ergometer (performance 80 W for 10 minutes, once per hour
each). Based on the PM,, fraction the mean air concentrations of copper in the two
exposures involving copper were 0.65 mg/m? (Zn/Cu) and 0.41 mg/m? (only Cu). In
blood samples of the test persons, taken before and 24 hours after the exposures,
the inflammation marker CRP was significantly increased (Markert et al. 2016). In
addition, to investigate the internal copper exposure of the test persons, the copper
concentrations were determined in spontaneous urine samples obtained before and
immediately after the exposure as well as 24 hours after the exposure. Compared
with initial mean urinary copper concentrations of 11.6 pg/l + 7.5 pg/l (exposure to
Zn/Cu) and 10.7 pg/l + 6.2 ug/l (exposure to Cu only) no increase in the internal
exposure to copper was found either after 6 hours (mean values 8.6 + 2.6 and
8.2 + 4.7 ug/l, respectively) or after 24 hours (10.8 + 3.2 and 12.1 + 8.9 pg/l, respec-
tively). With mean values between 5.8 and 6.7 pg/g creatinine, the measured values
at the three sampling times and for the different exposure scenarios levelled off even
more when related to creatinine (Kraus 2015). The present external copper expo-
sure which, via local effects, is responsible for the increase in the effect marker, is
not reflected in an increase in systemic internal exposure (Markert et al. 2016).

4 Selection of the Indicators

The detection of copper is possible in blood, serum or plasma and in urine. The
biomarkers copper in serum or copper in urine are used in clinico-chemical exam-
inations to demonstrate pathological disorders in copper storage (for example
Morbus Wilson, Menkes syndrome) or diet-related copper deficiency. In addition,
increased copper concentrations in serum can occur with various diseases (for ex-
ample liver cirrhosis, inflammation, diverse tumours).

While, for determinations in blood or urine, a database for an evaluation of the
results is in principle available, this applies only to a very limited extent to analytical
results in hair samples. The few available studies show a wide variation of copper
concentrations in not occupationally exposed persons (SCOEL 2014). Copper is
predominantly excreted via the bile. Its renal elimination is estimated to be less than
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Figure 1 Plots of urinary Cu versus the inhalable water-soluble Cu subfraction for workers in the
electrorefinery and smelter departments (from Nieboer et al. 2007 with permission of
the Royal Society of Chemistry)
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60 pg/day (Harris 1991). Therefore, the urinary copper concentration appears to be
suitable to only a limited extent as indicator of internal exposure (WHO 1998). In
normal individuals, concentrations in urine are less by a factor of 50—60 than the
corresponding concentrations in blood (compare Krause et al. 1996). Because of the
described homoeostatic regulation of copper its concentration in blood, and also in
urine, should be independent of copper supply.

5 Analytical Methods

Tested methods are available for the analysis of copper in biological materials. De-
termination is possible with procedures including electrothermal (graphite fur-
nace) atomic absorption spectrometry (GF-AAS) or inductively coupled plasma
quadrupole mass spectrometry (ICP/MS) (Angerer et al. 1985; Schramel et al. 2000,
translated; Winter et al. 1985). For quality control of the analysis, corresponding
control materials are commercially available. External quality assurance is possible
for example by participation in the external quality assessment scheme and certifi-
cation for occupational-medical and environmental-medical toxicological analyses
in biological materials (G-EQUAS) of the German Society of Occupational and
Environmental Medicine.

6 Background Exposure

There are great variations in the background exposure of the general population
(SCOEL 2014). Analytical results for the determination of copper in blood of the
general population are shown in Table 1. It has to be taken into consideration that
most of the data are mean values and only to a very limited extent suitable for
the derivation of a biological reference value (BAR, Biologischer Arbeitsstoff-
Referenzwert). Almost all studies show that copper concentration levels in the
blood of women are higher than those in the blood of men.

The most reliable data for Germany are from the German Environmental Survey
carried out from 1990 to 1992 (n = 3968, Krause et al. 1996). For the 95th percentile
of copper exposure in blood 1.5 mg/l was given for women and 1.1 mg/I for men.
The analytical results for the determination of copper in the urine of the general
population are summarized in Table 2. The values given are mostly in the range up
to about 25 pg/l urine. Relatively good agreement was found between the results of
the studies by Ohashi et al. (2006), Heitland and Koster (2006) and Krause et al.
(1996), which gave mean values of 9-15 g/l for adults. As was already found for
copper concentrations in blood, several studies also revealed a trend toward higher
urinary copper levels in women than in men. On the basis of the data from the
German Environmental Survey (n = 4002, Krause et al. 1996), the 95th percentile
for copper excretion in urine is 24.6 pg/l for women and 20.4 pg/l for men. The
creatinine-related values of the 95th percentile are 22.9 pg/g creatinine for women
and 13.1 pg/g creatinine for men.

The MAK Collection for Occupational Health and Safety 2018, Vol 3, No 1
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7 Evaluation

With regard to the studies described in Section 3, it is to be assumed that, due to
homoeostatic regulation over a wide exposure range, there is no relationship be-
tween external exposure to copper and its concentrations measurable in biological
materials. Neither increased inhalation exposure much higher than the currently
valid MAK value of 0.01 mg copper/m? nor increased oral supply lead to an increase
of copper in possible biological exposure indicators. In addition, the main effect is a
local toxicity which cannot be demonstrated by a systemic effect (increased copper
concentration). It is not possible to differentiate an additional occupational burden
from physiological levels of copper by biological monitoring. Therefore, the evalua-
tion of a biological tolerance value (BAT value) and a biological reference value
(“Biologischer Arbeitsstoff-Referenzwert” (BAR)) based on the copper concentra-
tions in blood or urine is not indicated.

Neither a BAT value nor a BAR are therefore established for copper and its
inorganic compounds.

8 Interpretation of Data

As an essential trace element copper is subject to close homoeostatic regulation.
Thereby, increased or reduced supply are balanced. Measurable changes in the cop-
per concentrations in blood or in renal elimination only occur if the adaptability of
the organism is not or no longer given. This may be the case with certain diseases;
however, it has not been observed to date even in the case of occupational exposure
above the valid threshold limit value. Even if, on the basis of the relatively compre-
hensive data available for copper concentrations in the blood and urine of the
German general population, a reference range could be established, this range
would hardly be suitable to identify persons with a work-related, increased copper
burden.
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