
FINAL RAR Cadmium metal: Sections 4.1.3 to 6
   September’04  

risk assessment

Cadmium metal

CAS-No.: 7440-43-9

EINECS-No.: 213-152-8

(Final Sections 4.1.3 to 6: September 2004)
Foreword to Draft Risk Assessment Reports

This Draft Risk Assessment Report is carried out in accordance with Council Regulation (EEC) 793/93
 on the evaluation and control of the risks of “existing” substances. Regulation 793/93 provides a systematic framework for the evaluation of the risks to human health and the environment of these substances if they are produced or imported into the Community in volumes above 10 tonnes per year. 

There are four overall stages in the Regulation for reducing the risks: data collection, priority setting, risk assessment and risk reduction. Data provided by Industry are used by Member States and the Commission services to determine the priority of the substances which need to be assessed.  For each substance on a priority list, a Member State volunteers to act as “Rapporteur”, undertaking the in-depth Risk Assessment and recommending a strategy to limit the risks of exposure to the substance, if necessary.

The methods for carrying out an in-depth Risk Assessment at Community level are laid down in Commission Regulation (EC) 1488/94
 which is supported by a technical guidance document3. Normally, the “Rapporteur” and individual companies producing, importing and/or using the chemicals work closely together to develop a draft Risk Assessment Report, which is then presented to the Competent Group of Member State experts for endorsement. Observers from Industry, Consumer Organisations, Trade Unions, Environmental Organisations and certain International Organisations are also invited to attend the meetings. The Risk Assessment Report is then peer-reviewed by the Scientific Committee on Toxicity, Eco-toxicity and the Environment (SCTEE) which gives its opinion to the European Commission on the quality of the risk assessment.

This Draft Risk Assessment Report is currently under discussion in the Competent Group of Member State experts with the aim of reaching consensus. In doing so, the scientific interpretation of the underlying information may change, more information may be included and even the conclusions reached in this draft may change. Competent Group of Member State experts seek as wide a distribution of these drafts as possible, in order to assure as complete and accurate an information basis as possible. The information contained in this Draft Risk Assessment Report therefore does not necessarily provide a sound basis for decision making regarding the hazards, exposures or the risks associated with the priority substance.

This Draft Risk Assessment Report is the responsibility of the Member State rapporteur. In order to avoid possible misinterpretations or misuse of the findings in this draft, anyone wishing to cite, quote or copy this report is advised to contact the Member State rapporteur beforehand.

See: Contact Details of the Rapporteur(s) on page 3

Information on the rapporteur :
BE Rapporteur :

Federal Public Service for Public Health, Safety of the Food Chain and the Environment

Directorate-general Public Health: Environment

Roland Moreau, general-director

Service of Risk Management

R.A.C. Vesalius

Pachecolaan 19 box 5

B-1010 Brussels

Belgium

linda.debacker@health.fgov.be

Scientific expertise :

Environmental part :

Erik Smolders, Ilse Schoeters, Nadia Waegeneers, Uldeen Ghesquiere and Roel Merckx

Laboratory of Soil and Water Management

Kasteelpark Arenberg 20

B-3001 Heverlee

Belgium

erik.smolders@agr.kuleuven.ac.be

Human health part :

Violaine Verougstraete MD, MSc in Toxicology; Perrine Hoet, MD, PhD, MIH, MSc in toxicology; Philippe Hotz, MD, PhD;  Dominique Lison, MD, PhD. 

Université catholique de Louvain (UCL)

Faculté de Médecine- Ecole de santé publique

Unité de toxicologie industrielle et de médecine du travail

Clos Chapelle-aux-Champs, 30-54

B-1200 Bruxelles

Belgique

Tel.(32 2) 764 32 20 – fax (32 2) 764 32 28

Contents

54.1.3.
Risk characterisation (human health)


54.1.3.0
General aspects


154.1.3.1
workers


154.1.3.1.1
Exposure


174.1.3.1.2
Health Effects


254.1.3.2
consumers


264.1.3.3
man exposed indirectly via the environment


264.1.3.3.1
Methodology: actual and future exposure of man via the environment


264.1.3.3.2
Current exposure conditions.


364.1.3.3.3
Risk characterisation for future conditions: modelling.


444.1.3.3.4
Future exposure conditions: risk characterisation (soil contribution)


464.1.3.4
combined exposure


464.2
HUMAN HEALTH (PHYSICOCHEMICAL PROPERTIES)  (risk assessment concerning the properties listed in annex IIa of regulation 1488:94


475
Conclusions / Results


475.1
introduction


475.2
ENVIROment   revision under preparation


505.3
human health


505.4
occupational assessment


525.5
CONSUMER assessment


535.6
INDIRECT exposure VIA THE ENVIRONMENT


555.7
COMBINED EXPOSURE


555.8
HUMAN HEALTH (PHYSICOCHEMICAL PROPERTIES)


566
REFERENCES


1417
glossary


1478
ANNEXES





4.1.3. Risk characterisation (human health)

4.1.3.0 General aspects

In the absence of specific information on Cd metal, a cross-reading with the CdO dossier is proposed.

Uptake of cadmium can occur in humans via the inhalation of air, the ingestion of food and drinking water and, to a minor extent, through the skin. The major route of exposure to cadmium for the non-smoking general population is via food; the contribution of other pathways (inhalation, dermal) to total uptake is small. Tobacco is an important additional source of cadmium uptake in smokers.

In exposed workers, lung absorption of cadmium following inhalation of workplace air is the major route of exposure. Increased uptake can also occur as a consequence of contamination of food and tobacco (mainly in workers who eat or smoke at the workplace). 

Toxicokinetics:

Toxicokinetic studies specifically dealing with CdO/Cd metal were not found. Since, following absorption, the biodisposition of cadmium (Cd+2) is assumed to be independent of the chemical form to which exposure occurred, information obtained with other Cd compounds was considered relevant for this RA.

In non-smokers, the diet provides 99 % of the cadmium intake, probably not as CdO/Cd metal. Although accurate data are lacking, it is reasonable to assume that the gastrointestinal absorption of CdO/Cd metal is not significantly different from that of other Cd compounds, mainly because of the high solubility of CdO in gastric juice (94 %). Data from studies conducted with other Cd compounds are, therefore, used for assessing the gastro-intestinal absorption of CdO/Cd metal in this RA. Overall, it is considered that a large proportion of ingested Cd (including CdO/Cd metal) is eliminated in the faeces and that only a few percent (maximum 5%) is absorbed via the gastrointestinal tract. This rate is, however, subject to variations according to :

· age : animal studies indicate that absorption rate is markedly higher during the first weeks of life, 

· composition of the diet : low Ca, Fe, Zn and protein contents tend to increase Cd absorption,

· source of Cd : the bioavailability of soil-absorbed and seafood Cd is lower than that of  ionic Cd ; that of rice-associated Cd (Asia) is reported to be higher than from other sources,

· the concomitant presence of Zn in contaminated food reduces the absorption rate of Cd,

· depleted iron status (mainly women)  increases Cd absorption rate by a factor of 2.

Therefore it is concluded that the gastro-intestinal absorption rate of CdO/Cd metal is generally below 5 % when iron stores are adequate and may increase up to 5-10 % when iron stores are depleted (mainly women). A validation study showed that in mathematical modelling, a GI absorption rate of 3 % is appropriate to relate Cd intake to life-time body burden in the general population, even for subgroups of the populations with depleted iron stores (4.1.2.1.5 ).

The alveolar absorption rate of the element from CdO/Cd metal varies depending on the type of exposure (fumes>dust). It is a slow process that continues for many weeks after a single inhalation exposure. Absorption rates after inhalation of CdO derived from animal studies range from 50 % (fumes) to max. 30 % (dust, depending on particle size). In humans, figures of 10-30 % of absorption rate according to particle size are derived for CdO dust. For CdO fumes, based on cigarette smoke studies, it can be calculated that the respiratory absorption of CdO is between 25 and 50% in humans. 

Although specific data are not available for CdO/Cd metal, it can be deduced from experimental studies performed with soluble Cd salts that percutaneous absorption is likely to be significantly less than 1 %.

In blood, most cadmium is found in the erythrocytes (about 90%). In plasma, Cd is predominantly bound to proteins of high molecular weight (albumin or larger) a short time after exposure. To a large extent Cd bound in this form will be taken up by the liver where it accumulates. After induction of metallothionein (4-24 h after a single exposure), Cd is present in liver mainly bound to this protein. 

Cd is widely distributed and retained in the body where it accumulates throughout life. Hence, the body burden increases due to the continuous exposure and the element has a biological half-life of about 10-20 years. While the new-born baby has a total body burden of less than 1 µg of Cd, the average total body burden at age 50 has been estimated to range from 5 to 30 mg. After long-term low-level exposure, about half the body burden of cadmium is localised in the kidneys and liver, a third of the total being in the kidneys with the major portion located in the cortex. The distribution of Cd in the kidney is of particular importance as this organ is a critical target after long-term exposure to low concentrations of cadmium. The ratio between the cadmium concentration in the kidney and that in the liver decreases with the intensity of exposure; it is for instance much lower in occupationally exposed persons than in the general population. High body burden values have been found in cadmium-exposed workers without functional renal impairment (up to 450 or even 600 ppm). In non-occupationally exposed subjects the cadmium concentration in the kidneys is generally between 10 and 50 ppm (2-5 fold increase in smokers). A decrease of the Cd body burden in the European population over the last 20 years has been suggested by some authors.  It must, however, be recognised that the evidence for such a decrease, based on Cd kidney content measurements, is not robust. Indirect elements supporting a decrease of the Cd body burden over the last decades include the reduction observed in the Cd content in deciduous teeths in German children and the reduction in Cd-U observed in the Pheecad study after implementation of risk reduction measures. 

The considerable age-related accumulation of Cd in the body indicates that only a small part of cadmium absorbed from long-term low level exposure will be excreted. Most absorbed Cd is excreted very slowly, with urinary and faecal excretion being approximately equal. The daily excretion which takes place via faeces and urine represents only about 0.005 - 0.02% of the total body burden of Cd, which corresponds to a biological half life of about 10-20 or even  40 years.

After the development of severe Cd-induced renal dysfunction, Cd is lost from the renal tissue. When renal dysfunction occurs, the cadmium level in the renal cortex decreases and urinary excretion increases. The reduction of renal Cd is very likely due to a release of cadmium from the kidney combined with a depressed re-absorption of circulating Cd. This phenomenon explains why in most severely poisoned individuals  the concentration of Cd in the renal cortex may be relatively low in contrast to the liver level.

The placenta provides a relative barrier protecting the foetus against cadmium exposure. There is some build up of cadmium in the placenta and levels are significantly higher in smokers than in non-smokers. The mechanism involved is still unknown but the most plausible hypothesis is that Cd is retained by binding to metallothionein in the placenta. Cd can cross the placenta but at a low rate. The cadmium concentration in new-born blood is on average 40-50% lower than in maternal blood. An interaction between the essential metals zinc and copper and cadmium is suggested but its mechanism and potential consequences for toxicity to the foetus is not known. Decreases in placental Zn-Cd ratios are observed in smoking mothers.

Cadmium is found in human breast milk at low concentrations (<1µg/l).
Biomarkers:
In humans with long-term high exposure, whole blood Cd (Cd-B) may be about 30 times higher than plasma Cd. The Cd-B value is generally below 3 µg/l in European subjects not occupationally exposed to cadmium. Concentrations in the order of 5-10 µg/l are extremely rare, unless in heavily contaminated areas. Much higher levels have been reported in Japanese women living in Cd polluted area. Reported Cd concentrations in the blood of exposed workers are generally between 5 and 50 µg/l but, in the past, levels between 100 and 300 µg/l have resulted from extreme exposure. As tobacco smoking is an additional source of cadmium intake in the general population, values for Cd-B are generally 2-5 fold higher in smokers than in non-smokers.

In workers, after the start of exposure, Cd concentration in blood increases linearly then levels off when an equilibrium is reached. Blood Cd level is considered to be related to recent exposure, it is a useful indicator of exposure during recent months. After long-term high Cd exposure, an increasing proportion of blood Cd will be related to body burden. After cessation of long-term high exposure, in non-smokers, blood Cd reflects mainly the body burden and the decrease of whole blood Cd displays an initial fast component with a half-time of 3-4 months and a slow component with a half-time of about 10 years.

Cd urinary excretion (Cd-U, expressed as µg Cd/L, as µg Cd/g creatinine, as nmol Cd/mmol creatinine or µg Cd/ 24 h) is correlated with the body burden and has been extensively used as a biomarker of long-term exposure in human studies. The mean urinary cadmium level in individuals neither occupationally exposed to cadmium nor living in a cadmium-polluted area is generally below 1-2 µg/g creatinine. Several studies have shown that in the general population, urinary Cd excretion increases with age and this increase coincides with an increased body burden. On the average, women have generally higher urinary Cd concentrations than men, probably as a reflection of higher body burden associated with increased gastro-intestinal absorption (relative iron depletion). At the group level, there is a close relationship between the cadmium concentrations in urine and kidneys. If one assumes a linear relationship between cadmium in urine and kidney, which, however, may not always be totally correct (e.g. after an acute exposure to high Cd levels or after renal damage has occurred), a Cd-U of 2.5 µg/g creatinine in urine corresponds to about 50 ppm in the kidneys cortex. In cadmium exposed workers, high urinary Cd cadmium concentrations (>10 µg/g creatinine) have been observed and, when associated with tubular proteinuria, even higher urinary excretion may occur.

Acute toxicity:

Very few data are available about the acute effects of cadmium metal; no specific data are available for inhalation or dermal exposure to Cd metal. Acute respiratory effects reported for CdO fumes are specific for this species and cannot be extrapolated for Cd metal.

Irritation, sensitisation, corrosivity:

No specific data were located regarding the irritation potential of Cd metal on skin, eye or respiratory tract neither in animals or in humans. 

Examination of the available experimental and human studies leaves the picture unclear as to whether Cd metal has properties of skin sensitisation. Cd metal is apparently not a respiratory sensitiser. 

Repeated dose toxicity:

A substantial body of information is available indicating that the lung, kidney and bone are the target organs upon repeated exposure to Cd in occupational settings (mainly by inhalation). Environmental exposure to Cd (generic, not specifically Cd metal), mainly by the oral route, is associated with bone and kidney toxicity.

Long-term inhalation exposure of experimental animals to CdO results in similar effects as seen upon acute exposures, i.e. pneumonia accompanied by histopathologic alterations and changes in the cellular and enzymatic composition of the bronchoalveolar fluid. Some tolerance to cadmium appears to develop with duration so that lung lesions developed after a few weeks of exposure do not progress, and may ever recover after longer exposure. Multiple mechanisms could explain this tolerance, including the synthesis of lung metallothionein and proliferation of type II cells. Identified NOAELs are:  0.025 mg CdO/m3 in F344/N rats exposed for 13 weeks and 0.01 mg Cd/m3 in hamsters exposed for 16 months. 

Several authors concluded that, in humans, long-term inhalation exposure to cadmium (generic) leads to decreased lung function and emphysema. Chronic obstructive airway disease has been reported to lead in severe cases to an increased mortality.  A moderate increase in residual volume was observed in workers exposed to cadmium fumes (CdO) at a cumulative exposure of <500 µg Cd/m3x years. This increase in residual volume is considered as the critical effect. The LOAEL derived from this study is 3.1 µg Cd/l (Cd-U) taking into consideration that this value is for CdO fumes and may not necessarily apply to CdO or Cd metal dust. 

The bone tissue constitutes another target organ for the general and occupational populations exposed to cadmium compounds, including Cd metal. The hazard is relatively well identified both in experimental and epidemiological studies. The most severe form of bone disease caused by cadmium intoxication is Itai-Itai disease which associated kidney and bone lesions in aged Japanese women.

In vitro studies have demonstrated that cadmium compounds (not specifically Cd metal) might exert a direct effect on bone affecting both bone resorption and formation, and inducing calcium release. In animals, cadmium has been shown to affect bone metablism. These effects have manifested themselves as osteopetrosis, osteosclerosis, osteomalacia and/or osteoporosis and have been produced experimentally in several species. Thus there are solid experimental and clinical arguments to demonstrate that Cd poisoning entails bone toxicity, generally in association with overt kidney damage. Overall, however, because most of the experimental studies were designed to explore the pathogenesis of Itai-Itai disease and because animals were generally exposed during a relatively short period with relatively high doses of Cd they do not allow to derive a robust  NOAEL relevant for humans exposed chronically to low doses via the diet or by inhalation. In most experimental studies, bone effects were accompanied or preceded by renal damage induced by the Cd-treatment. Young age (growing bones), gestation, lactation, and ovariectomy (used as an animal model of menopause) appeared to exacerbate Cd-induced bone toxicity.

In humans, the mechanism of bone toxicity is not fully elucidated and types of bone lesions associated with cadmium exposure are not clearly identified. One likely mechanism is disturbance of bone metabolism but another explanation is that Cd induces kidney damage and/or hypercalciuria might promote osteoporosis and osteoporotic fractures. Results in the general Swedish population reported by Alfvén et al. (2000) suggest a LOAEL of 3 nmol Cd/mmol creatinine or 3 µg/g creatinine (not specifically Cd metal). This threshold would be in line with the idea that bone effects follow or are accompanied by kidney dysfunction which appears within the same range of body burden (2 µg Cd/g creatinine; Buchet et al., 1990). Some MS supported a LOAEL at 0.5 nmol Cd/mmol creatinine based on the finding of a significantly increased risk in men > 60 y; but this effect should be interpreted with caution mainly because of the presence in this subgroup of occupationally exposed subjects with previous high Cd-U values.
In workers exposed to cadmium compounds (not specifically Cd metal), clinical bone disease has been described but the number of cases is limited. One cross-sectional study reported results compatible with a role of cadmium in the genesis of osteoporosis in exposed workers but no critical Cd dose could be derived. 

The kidney is another target organ for cadmium (not specifically Cd metal) toxicity following repeated exposure by the inhalation and oral routes. 

Numerous studies in rats, mice, rhesus monkeys and rabbits have indicated that exposure to cadmium compounds administered orally or by inhalation causes kidney damage including increase or decrease of relative kidney weight, histological (necrosis of the proximal tubules, interstitial renal fibrosis) and functional changes (reduced glomerular filtration rate, proteinuria).

The first manifestation of cadmium nephrotoxicity in occupationally exposed subjects (mainly by inhalation) is usually a tubular dysfunction associated with an increased urinary excretion of low molecular weight (LMW) proteins such as protein HC, ß2M and RBP. An effect on the glomerulus may also be observed in cadmium-exposed workers, as indicated by increased urinary excretion of high molecular weight (HMW) proteins including albumin, immunoglobulins G or transferrin.  In workers occupationally exposed to cadmium, a Cd body burden corresponding to a Cd-U of 5 µg/g creatinine constitutes a LOAEL based on the occurrence of LMW proteinuria. There is consensus in the literature concerning the health significance of this threshold because of the frequent observation of irreversible tubular changes above this threshold and in view of its association with further renal alteration. 

On the basis of the most recent studies conducted in Europe, it appears that renal effects can be detected in the general population (mainly exposed by the oral route) for Cd body burdens below 5 µg Cd/g creatinine and even from 2 µg Cd/g creatinine (LOAEL). These studies detected associations between Cd and not only LMW proteinuria but also calcium excretion in urine and its possible relationship with bone effects.  There is, however, alingering scientific debate about the health significance of the changes observed at Cd-U levels < 5µg/ g creatinine and this was reflected in the contrasting views expressed by the  experts during the TMs.

Although mortality studies were not able to detect an excess of end-stage renal diseases in populations exposed to cadmium compounds, a recent epidemiological study suggests that the incidence of renal replacement therapy is increased in a population with occupational/environmental exposure to Cd.

The most significant difference between occupational and environmental exposure is that the populations at risk are different (mainly healthy young  individuals  in occupational settings). It is plausible that the lower LOAEL in the general population exposed by the oral route is the consequence of an interaction of Cd exposure with pre-existing or concurrent renal disease. As workers exposed to Cd may also suffer from such disease during or after their occupational career, it appears prudent to recommend that they should be offered the same degree of health protection than individuals from the general population. For this reason, a single LOAEL of 2 µg/g creatinine will be used in  the Risk Characterisation section, both for oral and inhalation exposure. 
Evidence for cardiovascular toxicity resulting from oral and inhalation exposure to CdO other Cd compounds (chloride, acetate) in animals is suggestive of a slight effect on blood pressure. Results from human studies do not speak for the hypothesis that cadmium may cause hypertension as a result of occupational or environmental exposure. If cadmium does affect blood pressure, the magnitude of the effect is small compared to other determinants of hypertension. Overall, the weight of evidence suggests that cardiovascular effects are not a sensitive end point indicator for Cd metal toxicity.

Exposure to cadmium compounds can cause liver damage in animals but generally only after high levels of exposure. There is little evidence for liver damage in humans exposed to cadmium (including Cd metal).

Cadmium-induced haematological effects reported in experimental animals (anaemia) exposed to very high doses of Cd compounds (not specifically Cd metal) are unlikely to be of concern for occupational or general population exposure.

Evidence from experimental systems indicates a potential neurotoxic hazard for cadmium (not Cd metal specifically) in adult rats. In humans, heavy occupational exposure to cadmium dust has been associated with olfactory impairments and studies performed on a limited number of occupationally-exposed subjects are suggestive of an effect of Cd on the peripheral and central nervous system but these findings should be confirmed by independent investigators before firm conclusions can be reached. In the young age, there is some experimental indication that Cd exposure (not specifically Cd metal) can affect the developing brain. This aspect has not received sufficient attention in humans in view of (1) the very well-characterised neurotoxic potential of other heavy metals (e.g. lead), and of (2) the increased gastro-intestinal absorption of Cd in the very young age.

Overall, based on the concurrence of epidemiological studies indicating both kidney and bone effects in the general population at body burden below 5µg Cd/g creatinine, a single LOAEL of 2 µg/g creatinine is considered for the risk characterisation. It should be recognised that uncertainties remain as to the accuracy of this value. The clinical significance of the biochemical changes observed at these levels is also subject to a scientific debate.

Genotoxicity:

Data from experimental systems indicate that cadmium, in certain forms, has genotoxic properties and it is reasonable to assume that these properties may also apply to Cd metal. Three possible and a priori non-mutually exclusive mechanisms have been identified : 1) direct DNA damage, 2) oxidative damage and 3) inhibition of DNA repair. With regard to human exposure to Cd and other compounds, data are conflicting but seem to indicate a genotoxic potential, at least in occupational settings, but it is unclear whether these effects are solely attributable to Cd. Studies performed in environmentally exposed populations do not allow to identify the type of cadmium compound(s) to which subjects were exposed but it cannot be excluded, based on the available data, that cadmium (including Cd metal by assimilation) might exert genotoxic effects  in populations exposed via the oral route. 

A classification as Muta. Cat. 3 (Xn ; R68) seemed indicated and was agreed earlier by the TM. 

The CMR WG decided to classify Cd metal with Muta.Cat.3, R68 (cfr section 1.4).

Carcinogenicity:

Cadmium metal is a carcinogen when injected in experimental animals. No study was specifically conducted with cadmium metal in animals exposed by inhalation or in humans specifically exposed to this species, which does not allow to sufficiently document its carcinogenic potential. In the absence of specific data, a Cat 2 (T; R49 i.e. may cause cancer by inhalation) classification was proposed for cadmium metal by analogy with other Cd compounds.

However, the CMR WG reviewed the classification and agreed (May 2002) to classify Cd metal with Carc.Cat 2; R45 (may cause cancer): i.e. carcinogenic potential irrespective of the exposure route (ECBI/42/02 Rev2).

Reproductive toxicity:

With regard to reprotoxicity, epidemiological studies do not speak for an association between exposure to Cd metal and relevant effects on fertility or reproductive organs. Based on the human data available, there is no indication of a potential developmental effect of Cd metal. While effects on reproductive organs and fertility have been noted in experimental studies at high doses of CdO and Cd compounds (oral : NOAEL 1 mg/kg/day and inhalation NOAEL 0.1 mg/m³), further information is needed to better document the possible effect of low doses of Cd (including Cd metal) on the developing brain of young children suggested in experimental animals.

No classification for developmental effects was proposed by the rapporteur and supported by the TM. 

The CMR WG, however, agreed (May, 2002) to classify CdO in category 3 (substances which cause concern for humans owing to possible developmental toxic effects) and to label the compounds with R63 (possible risk of harm to the unborn child).

Table 4.1.3.0.1 endpoints and L(N)OAELs identified in the effect assessment

	endpoint
	NOAEL

(as Cd)
	LOAEL

(as Cd)
	Based on 

	Acute toxicity
	
	437.5 µg/m³
	animal data

	Repeated toxicity
	
	
	

	lung
	
	3 µg/g creat
	human data (fumes)

	
	0.01 mg/m³
	
	animal data (dust)

	bone
	
	3 µg/g creat
	human data

	kidney and bone
	
	2 µg/g creat
	human data

	Reprotoxicity
	
	
	

	effects on fertility and sex organs
	1 mg/kg/d
	
	animal data (oral)

	
	0.1 mg/m³
	
	animal data (inhal)

	developmental effects
	
	-
	-


The characterisation of the health risks associated with cadmium metal exposure will consider three potentially exposed human populations, i.e. workers, consumers and man exposed indirectly via the environment. 

The risk is estimated by comparing estimated N(L)OAEL values to exposure levels measured or estimated in the target population. For each health effect, the ratio of the N(L)OAEL to the exposure level will be assessed for each scenario, e.g. workers in a particular type of production or general population. This ratio is termed the Margin of Safety (MOS). 

Exposure data supplied by industry, Member States and other sources are used for the calculation of the MOS. 

It is important to remind the reader that for cadmium (oxide), unlike most other substances examined in the framework of this RA programme, relevant and  validated biomarkers of exposure exist and allow to characterise the risk with a great accuracy and/or relevance. Cd in blood mainly reflects the last few months of exposure in workers moderately exposed to cadmium. Cadmium is a cumulative toxicant and the systemic manifestations of toxicity (mainly bone and kidney toxicity) are related to the body burden accumulated over several years of exposure, which is closely reflected by the concentration of Cd in urine (Cd-U) (see 4.1.2.1). The biomarker approach offers the advantage that, to characterise both effects and exposure, one can rely on measured (Cd-U measurements) rather than on estimated or calculated doses that would need to be derived with a number of assumptions and uncertainties. Another advantage of using the body burden (Cd-U) to characterise exposure is that this biomarker integrates all possible exposure pathways and allows a global assessment of the health risks, including combined exposure. Therefore, when dealing with systemic effects of Cd, the risk will preferably be characterised by comparing Cd-U values when biologically relevant. Table 4.1.3.0.2 compares the increases in Cd-U and Cd-B in the different occupational scenarios and indicate a relative consistency. It can therefore be reasonably assumed that both parameters reflect current exposure conditions.

Since the use of biomarkers integrates all possible routes of exposure, no differentiation will be made between oral, dermal or inhalation exposure and only a single systemic MOS will be calculated.

Table 4.1.3.0.2 Fold increases above normal in different scenarios

	
	Urine

(normal < 2 µg/g creatinine)
	Blood

(normal < 1 µg/L)

	
	fold increase above normal

	
	 Typical   value
	Worst case
	Typical value
	Worst case

	Cd metal production
	1.5
	11
	3
	15

	Ni Cd batteries
	1.75
	10
	2.3
	80

	Pigments
	2
	5
	4
	10


4.1.3.1 workers

4.1.3.1.1 Exposure

Occupational exposure data have been reported in section 4.1.1.1. 
Cd metal is produced and/or used in different industrial activities. In the identified scenarios, exposure may be to cadmium oxide and/or to cadmium metal and/or to other cadmium compounds. For clarification, table 4.1.3.1.1.A summarises for each scenario which Cd compound is used or produced, to which Cd compound exposure occurs and in which risk characterisation and corresponding conclusion file (i.e.Cadmium metal or Cadmium oxide) this is respectively discussed and included.

Table 4.1.3.1.1.A:

	Scenario
	Substance produced /used
	Substance to which main exposure occurs
	RC and conclusion file(s)

	
	Cd metal
	CdO
	Remark
	Cd metal
	CdO
	Remark
	Cd metal
	CdO

	1. The production of cadmium oxide
	+
	+
	
	-
	+
	
	-
	+

	2. The production of Cd metal
	+
	-
	
	+
	+
	
	+
	-

	3.The production and recycling of Ni-Cd batteries
	+
	+
	
	+
	+
	
	+
	+

	4. The production of Cd alloys
	+
	-
	
	-
	+
	+ exposure to alloy fumes
	+
	-

	5. Cd pigments production
	+
	+
	starting material
	(+)
	(+)
	other Cd compounds
	+
	+

	6.Cd plating
	+
	+
	
	+
	+
	
	+
	+

	7.Cd stabilisers
	+
	+
	starting material
	(+)
	(+)
	other Cd compounds
	+
	+

	8.Brazing
	+
	-
	
	(+)
	+
	
	+
	-

	9. Others
	+
	+
	
	+
	+
	other Cd compounds
	+
	+


Values used for risk characterisation are reported in table 4.1.3.1.1.B 

Table 4.1.3.1.1.B : Summary of  occupational exposure data used in the risk characterisation.
	Production type
	Mean exposure in air* (µg/m³)
	Biomonitoring data

	
	
	Urine (µg/g creat)
	Blood (µg/L)

	
	Typical value
	Worst case
	 Typical   value
	Worst case
	Typical value
	Worst case

	Cd metal production
	12
	400
	3
	23
	3
	15

	Ni-Cd batteries
	50
	320
	3.5
	20
	2.3
	80

	Alloys
	
	50
	-
	-
	-
	-

	Pigments
	22
	80
	4
	10
	4
	10

	Plating
	5
	10
	-
	-
	-
	-

	Stabilisers
	
	2
	
	
	
	5

	Brazing, soldering and welding
	-
	280

1,500-6,250§
	-
	-
	-
	-

	Others
	-
	2
	-
	-
	-
	-


*: for this RC assumed to be 8h TWA concentrations § : acute and  presumably accidental situations 

temporary note: the scenario Brazing, soldering and welding has been moved from the CdO file into the Cd metal file

With regard to brazing, welding and soldering, the available exposure data refer either to usual (280 µg/m³) or to accidental exposure conditions (1500-6,250 µg/m³). In the latter case, a risk characterisation is done for acute effects only because the limited biological parameters available do not indicate a prospect for long term exposure (Cd-U: 0.47 µg/l; Cd-B: 0.67 µg/l).

4.1.3.1.2 Health Effects

The health effects of concern covered in the risk characterisation are acute toxicity, skin/eye/respiratory tract irritation, sensitisation, repeat dose toxicity to lung, kidney, bone, neurotoxicity, genotoxicity, carcinogenicity, reproductive toxicity. The main route of occupational exposure is inhalation as significant oral exposure is not expected to occur in the workplace. Although dermal exposure might occur during handling of powders or activities of cleaning /maintenance, there would be no prospect of systemic effects arising via dermal exposure because exposure is limited, Cd metal is a solid particulate or massive compound and skin absorption is low. Furthermore, all routes  of exposure are considered by using biological monitoring data, which evaluate the body burden of  cadmium. 
4.1.3.1.2.1 Acute toxicity

Acute respiratory effects reported in the cadmium industry are mainly attributed to CdO fumes, not Cd metal, a cross-reading with the CdO dossier is proposed as a conservative approach.

Conclusion (iii) for all scenarios with production or use of Cd metal with potential exposure to CdO fumes, except the scenarios ‘Plating’ and ‘Others’ for which conclusion (ii) is proposed. 
Scenarios where no CdO fumes are formed conclusion (ii) cfr table 4.1.3.1.2.1.
Table 4.1.3.1.2.1: Acute toxicity

	
	Critical concentration 437.5 µg Cd/m³ (3 h TWA)

	Scenario
	Cd air (µg/m³) worst case

8 h TWA*
	MOS
	Ccl

	Cd metal production
	400
	1
	iii

	Batteries
	no CdO fumes
	-
	ii

	Alloys
	50
	9
	iii

	Pigments
	no CdO fumes
	-
	ii

	Plating
	10
	44
	ii

	Stabilisers
	no CdO fumes
	-
	ii

	Brazing, soldering and welding
	1500-6,250
	<<1
	iii

	Others
	2
	220
	ii


* : assuming that pneumonitis is a concentration-related effect and that Haber's rule is not applicable
temporary note: the scenario ‘Brazing, soldering and welding’ has been moved from the CdO file into the Cd metal file

4.1.3.1.2.2 Irritation


Acute dermal irritation

No dermal irritation study with Cd metal is available but the extensive clinical literature does not report on any effects of Cd metal with respect to skin irritation.  Given the toxic properties of the substance (including its carcinogenic potential in occupational settings), it is supposed that risk reduction measures are in place to prevent irritation, if any, to occur. It is concluded that Cd metal is probably of limited concern for workers with regard to dermal irritation. (conclusion ii)

Eye irritation

Exposure of the eyes is possible via  Cd metal dust. No study was, however, located regarding ocular effects in animals or in workers after exposure to Cd metal. Although exposure has been significant in a large array of industrial settings since the beginning of this century, the toxicological literature does not report on any ocular effects. Given the toxic properties of the substance (including its carcinogenic potential in occupational settings), it is supposed that risk reduction measures are in place to prevent irritation, if any, to occur. It is concluded that eye irritation is probably not a concern for Cd metal.  (conclusion ii). 

Respiratory tract irritation

No animal study specifically regarding local irritation of the respiratory tract after exposure to Cd metal was located. However, as several animal studies and case reports are available on acute and chronic respiratory effects after inhalation of CdO (see 4.1.2.3.3), it is reasonable to consider that this substance (and by extension Cd metal) is an irritant for the respiratory tract (conclusion iii). Given the toxic properties of the substance (including its carcinogenic potential in occupational settings), it is, however, supposed that risk reduction measures are in place to prevent irritation to occur. Personal protective equipment, properly selected and worn, will also significantly reduce exposure.
4.1.3.1.2.3 Corrosivity 

Corrosivity studies with Cdmetal are not available and the extensive clinical literature does not report on any corrosive effects. In view of the toxic nature of the substance (including its carcinogenic potential in occupational settings), it is supposed that risk reduction measures are in place to prevent corrosion, if any, to occur. It is concluded that the substance is of no concern for workers with regard to corrosivity effects (conclusion ii).

4.1.3.1.2.4 Sensitisation

A skin sensitisation test with  Cd metal, conform with the current regulatory standards, is not available. The medical literature does not report cases of sensitisation in workers exposed to Cd metal.  Given the toxic properties of the substance (including its carcinogenic potential in occupational settings), it is supposed that risk reduction measures are in place to prevent sensitisation, if any, to occur. It is concluded that the substance is of no concern for workers with regard to sensitisation (conclusion ii)
4.1.3.1.2.5 Repeated dose toxicity :

Section 4.1.2.6 (Effect assessment, repeated dose toxicity) considers several target organs of which the kidney appears to be the most sensitive. Kidney effects are relevant for workers exposed to cadmium by inhalation and typical exposure data reported under 4.1.1.1 are used to calculate the margins of safety for the different scenarios.

Kidney and bone:

For workers exposed to cadmium (mainly by inhalation), a Cd body burden corresponding to a Cd-U of 5 µg/g creatinine constitutes a LOAEL based on the occurrence of LMW proteinuria. There is consensus in the literature concerning the health significance of this threshold because of the frequent observation of irreversible tubular changes above this threshold and in view of its association with further renal alteration. It appears, however, prudent to recommend that workers should be offered the same degree of health protection than people from the general population, in which renal and/or bone effects were already detected at lower exposure levels and to adopt a LOAEL of 2 µg Cd-U /g creatinine which is used in Table 4.3.1.3 to calculate the MOS in the different scenarios. 

Table 4.1.3.1.2.2:  Repeated dose toxicity: kidney and bone(critical Cd-U: 2 µg/g creat)

	
	Critical Cd-U 2 µg/g creatinine

	Scenario
	Cd-U typical

(µg/g creatinine)
	MOS
	Ccl

	Cd metal production
	3
	0.66
	iii

	Batteries
	3.5
	0.60
	iii

	Alloys
	-
	-
	iii*

	Pigments
	4
	0.50
	iii

	Plating
	-
	-
	iii*

	Stabilisers
	-
	-
	iii*

	Brazing, soldering and welding
	-
	-
	iii*

	Others
	-
	-
	iii*


* by extrapolation from other scenarios
temporary note: the scenario Brazing, soldering and welding has been moved from the CdO file into the Cd metal file

The amplitude of the calculated MOS indicates a cause for concern, at least in three  scenarios. For those scenarios for which Cd-U data are not available (Alloys, Plating and Stabilisers, but not Brazing, soldering and welding), airborne measurements indicate a lower exposure than in Cd metal production, Batteries and Pigments, suggesting a relatively lower level of concern.

On the  basis of available data, it is concluded that Cd metal is of concern under typical (and thus by extension also under RWC) occupational exposure conditions (conclusion iii) for all scenarios.

For information, the same assessment given below for a critical Cd-U of 5 µg/ g creatinine indicates a MOS < 2 for all scenarios where data are available.

Table 4.1.3.1.2.3:  Repeated dose toxicity: kidney and bone (critical Cd-U: 5 µg/g creat)
	
	Critical Cd-U 5 µg/g creatinine

	Scenario
	Cd-U typical

(µg/g creatinine)
	MOS

	Cd metal production
	3
	1.65

	Batteries
	3.5
	1.50

	Alloys
	-
	-

	Pigments
	4
	1.25

	Plating
	-
	-

	Stabilisers
	-
	-

	Brazing, soldering and welding
	-
	-

	Others
	-
	-


temporary note: the scenario Brazing, soldering and welding has been moved from the CdO file into the Cd metal file

Neurological effects:


Further information is needed to better document the possible effect of low doses of CdO/Cd metal on the developing brain of young animals suggested in experimental studies (see 4.1.2.9). However, in view of the concerns expressed for several other health effects, including repeated dose toxicity and carcinogenicity, it is urgent to address these issues adequately and to implement appropriate control measures without delay. Conclusion (i on hold) for all scenarios.
4.1.3.1.2.6 Genotoxicity

In the absence of specific data concerning Cd metal, a cross-reading with the CdO dossier is proposed :

Data from experimental systems indicate that cadmium, in certain forms, has genotoxic properties and it is reasonable to assume that these properties may also apply to CdO/Cd metal. Data concerning humans exposed to CdO seem to indicate a genotoxic potential, at least in occupational settings, but it is unclear whether these effects are solely attributable to CdO. As long as the mechanism of genotoxicity is not completely elucidated it must be assumed that Cd compounds (and by extension Cd metal) is a direct acting genotoxic substance and that it is prudent to consider that there is no threshold exposure level below which effects will not be expressed. 

conclusion (iii) for all scenarios.

There is a need for limiting the risks and risk reduction measures which are already being applied shall be taken into account.

4.1.3.1.2.7 Carcinogenicity

In the absence of specific data concerning Cd metal, a cross-reading with the CdO dossier is proposed :

In view of the sum of data collected in long-term animal experiments and in epidemiological studies, it was concluded in section 4.1.2.8 that cadmium oxide (and by extension, cadmium metal) has to be considered at least as a suspected inhalation carcinogen (lung cancer)..

Risks cannot be excluded, as the substance is considered as a non-threshold carcinogen. Given the serious and irreversible nature of the effect and the fact that it is not possible to exclude the risk of this being expressed at occupational levels, there is cause of concern across all industrial uses, leading to conclusion (iii)  . There is a need for limiting the risks and risk reduction measures which are already being applied shall be taken into account.

4.1.3.1.2.8 Reprotoxicity

a. effects on fertility and sex organs

Epidemiological studies do not indicate evidence of any effects of occupational exposure to CdO on fertility and/or sex organs. Effects on sex organs (testes, reduced fertility and increased length of oestrus cycle) were reported in experimental animals (rat) at high dose levels (LOAEL 1 mg/m³, NOAEL 0.1 mg/m³). These levels mostly caused other manifestations of toxicity (reduction of body or organ weights, lethality). Calculated MOS values are reported below and, on the basis of a minimal MOS of 10, indicate a cause for possible concern in 6 scenarios (typical and/or RWC) . It can however be expected that measures already in place or that will be implemented to prevent repeated dose toxicity (respiratory, kidney, bone or carcinogenicity) will be protective for reproductive organs also. The MOS calculated for the scenarios Plating (typical and RWC), Stabilisers and Others (RWC) do not lead to concern.

Conclusion (iii) for scenarios Cd metal production, Batteries, Alloys, Pigments, and Brazing, soldering and welding.

Conclusion (ii) for scenarios Plating, Stabilisers and Others.
Table 4.1.3.1.2.4: Fertility and sex organs: Cd-air( typical value)

	                                       NOAEL Cd air : 100 µg/m³

	Scenario
	Cd air typical

(µg/m³)
	MOS

	Cd metal production
	12
	8.3

	Batteries
	50
	2

	Alloys
	-
	-

	Pigments
	22
	4.5

	Plating
	5
	20

	Stabilisers
	-
	-


Table 4.1.3.1.2.5: Fertility and sex organs: Cd-air (reasonably worst case value)

	
	NOAEL Cd air : 100 µg/m³

	Scenario
	Cd air RWC

(µg/m³)
	MOS

	Cd metal production
	400
	0.25

	Batteries
	320
	0.31

	Alloys
	50
	2

	Pigments
	80
	1.25

	Plating
	10
	10

	Stabilisers
	2
	50

	Brazing, soldering and welding
	280
	0.35

	Others
	2
	50


temporary note: the scenario Brazing, soldering and welding has been moved from the CdO file into the Cd metal file

b. developmental effects
Based on the data available in occupational settings, there is no indication of a potential developmental effect of CdO/metal. Further information is, however, needed to better document the possible effect of low doses of CdO and possibly Cd metal on neurobehavioural performances suggested in experimental animals (see 4.1.2.9.2). However, in view of the concerns expressed for several other health effects, including repeated dose toxicity and carcinogenicity, it is urgent to address these issues adequately and to implement appropriate control measures without delay. 

Conclusion (i on hold).
Table 4.1.3.1.2.6:  Summary of the risk characterisation for occupational exposure.

	Endpoint
	Conclusion
	remarks

	Acute toxicity
	iii
	(except plating and others scenarios for which ii  is proposed)

	Skin and eye irritation
	ii
	

	Respiratory tract irritation
	iii
	

	Corrosivity
	ii
	

	Sensitisation
	ii
	

	Repeated toxicity
	
	

	kidney and bone
	iii
	

	neurological effects
	i 
	(on hold)

	Genotoxicity
	iii
	

	Carcinogenicity
	iii
	

	Reprotoxicity
	
	

	effects on fertility and sex organs
	iii

ii
	for scenarios Cd metal production, Batteries, Alloys, Pigments, Brazing, soldering and welding
for scenarios Plating, Stabilisers and Others.

	developmental effects
	i
	(on hold)


temporary note: the scenario Brazing, soldering and welding has been moved from the CdO file into the Cd metal file

Occupational exposure limits

In European countries, national exposure limits for Cd and compounds (including CdO and Cd metal) aimed at protecting workers from adverse renal effects vary from 0.002 to 0.030 mg/m³ TWA for airborne concentrations and from 5.6 to 15 µg/l or µg/g creatinine for Cd-U used as a biological limit value (BLV) (see Exposure assessment, occupational exposure, 4.1.1.1). Since, according to the conclusions of the effect assessment (4.1.2.), it seems prudent not to exceed Cd-U values of 1 µg/g creatinine to protect from renal toxicity, a re-evaluation of these limit values is recommended.

4.1.3.2 consumers

Among the 5 scenarios examined under 4.1.1.2, Cd metal is involved in 3 of them.

Based on a limited number of release tests and although variation in the results was high, dermal exposure to Cd metal is possible under scenario 5 (imported jewellery). Beside local irritation and or sensitisation, if any, the risk of systemic effects must be considered under this exposure scenario for which an internal dose of 1 µg/day constitutes a very conservative estimate. Indeed, the absorption of cadmium through the skin is roughly and conservatively estimated at 1% and uncertainties exist in extrapolating Cd absorbed via the skin to Cd-U. Assuming lifetime exposure, an uptake of 1 µg/day might lead to a Cd-U of 0.5 µg/g creatinine (Table 4.3.3.2) which would lead to a MOS of 4, compared to the LOAEL of 2 µg/g creatinine (repeated dose toxicity, kidney and bone effects). Because of the very conservative nature of this scenario, it is very unlikely that it might represent, in itself, a serious cause of concern for the consumers. A conclusion (ii) might therefore be suggested for these endpoints. However, as cadmium is a cumulative toxicant, any additional source of significant exposure should be avoided or reduced as much as possible.

As the NOAEL for effects on fertility and reproductive organs is 1 mg/kg/d (rat; oral route), there is at least 3 orders of magnitude difference with the doses estimated in this scenario and it can be concluded that there is no cause for concern for this endpoint. Conclusion (ii) for effects on fertility and reproductive organs. 

Further information is needed to better document possible effects of low dose Cd on neurobehavioural performances suggested in experimental studies (see 4.1.2.9).  Conclusion (i) on hold.

Acute and infrequent inhalation exposure (mainly to CdO fumes) is likely to occur when using Cd-containing brazing sticks. Detailed exposure data are not available. A cross-reading with the occupational exposure scenario (scenario 9) is therefore suggested, and a risk of acute respiratory effect cannot be excluded (see 4.1.3.1.2 Acute toxicity, Cadmium oxide).
A conclusion (iii) might therefore be suggested for these types of use.

Following the decision of the CMR WG for Cd metal (cf section 1.4), a carcinogenic potential cannot be excluded irrespective of the route of exposure, and a conclusion (iii) applies for these two scenarios (imported jewellery and brazing sticks). Along the same line, a conclusion (iii) also applies for genotoxicity.

The likelihood, the amplitude and the intensity of exposure under these scenarios should also be taken into account when considering the need for risk reduction measures

Concerning the consumer use of Ni-Cd batteries (scenario 1), consumer exposure is considered to be non-existent or negligible.

A conclusion (ii) is therefore proposed.

4.1.3.3 man exposed indirectly via the environment 

In the absence of specific data for Cd metal, a cross-reading with the CdO dossier is proposed.

4.1.3.3.1 Methodology: actual and future exposure of man via the environment

The risk characterisation of man indirectly exposed to Cd via the environment is performed at the current exposure and at the predicted future exposure. The latter assessment is made to characterise the risk of current diffuse Cd emissions to soil which may lead to a Cd exposure via the foodchain in the future. In this respect, this assessment is based on the information concerning environmental exposure under section 3.1. 

The risk characterisation at the current exposure is described under 4.1.3.3.2 and is mainly based on the current Cd body burden of the general population (urinary Cd, i.e. Cd-U). The Cd-U values are either measured or derived from Cd uptake under different scenario’s for the general population. The conversion of Cd intake to Cd-U requires a toxicokinetic model which is addressed in parts of section 4.1.2.1.5. 

The risk characterisation at the predicted exposure in the future is described under 4.1.3.3.4. This risk characterisation is not a standard procedure and does not calculate MOS values between exposure and effect levels. Instead, this characterisation is based on the comparison of predicted soil concentrations (PEC, section 3.1) with a so-called critical soil Cd concentration.  The PEC values are predicted soil Cd concentrations that will occur in future at current Cd emissions and depositions.  The critical soil Cd concentration is defined as that concentration in soil not causing excessive Cd exposure via the human diet.  This concentration will be derived below in section 4.1.3.3.3 using food chain modelling and with a critical dietary Cd intake.  

4.1.3.3.2 Current exposure conditions.

Environmental exposure data have been reported under 4.1.1.3 and are summarised below in table 4.3.3.1. This table is based on average values for ambient environmental Cd levels and for two groups of the general population, adults with sufficient body iron stores and adults with depleted body iron stores. An additional scenario is included representing a local condition where Cd concentrations in soil, air and diet are all elevated. 

The GI absorption rate for cadmium in the general population is generally <5%. Individuals with low iron stores may absorb more Cd via the GI route, on average 2 times more, and absorption rates up to 10% have been reported above. The model validation study reported under 4.1.2.1.5 indicates that a 3% absorption rate (at t1/2=13.6 y) most adequately describes Cd-U levels measured in the general population (predicted/observed ratio 0.9-1.3), even for upper percentile values. This 3% absorption rate as a ‘best fit’ parameter, while acknowledging that individuals with larger absorption rates exist, may indicate that it is incorrect to apply the largest absorption rates on also the largest dietary Cd intake values and for a constant period of 50 y. In a conservative approach, however, and for the subsequent calculations, a GI absorption rate of 6% is used in the scenario including individuals with depleted iron stores. The overall GI absorption rate used in table 4.3.3.1 is therefore 3% for adults with sufficient iron stores, and twice this figure, i.e. 6% for adults with low iron stores.

The data show that smoking and dietary Cd are the main pathways of Cd exposure in uncontaminated areas. It can also be derived from these data that Cd intake through smoking 20 cigarettes per day increases the Cd systemic dose 2 to 3-fold above that in non-smoking individuals with equivalent Cd intake through other sources. 

Scenario 3 is based on reasonable worst case air concentration estimates for battery production, recycling and waste management (all cadmium sources in the municipal solid waste included) in the range of 22 to 28 ng/m3 (TRAR section 3.1.3.2.3, p. 191). This leads to a daily uptake of Cd via inhalation estimated at 0.11 - 0.15 µg/day (i.e. 440 to 600 ng/day * 0.25) which is ‘low’ compared to the dietary intake. When applied to certain point sources with very high air emissions and predicted local air concentrations in the range of 1µg/m3 (cfr section 3.1: a few number of cadmium metal producers) the contribution of inhalation is dominant. 

The contribution of air Cd to dietary Cd neglects the Cd deposition on locally produced food. While there is indirect evidence that this might largely contribute to crop Cd concentrations (4.1.1.3.8), there are, however, no data to estimate this contribution correctly. On the other hand, restrictions on food production near point sources are often in place but there is no information to generalise the current situation in EU. 

It should also be reminded that very young children fed on a cereal-based infant formula may have higher Cd intake (up to 12 times) than breast-fed children (see exposure 4.1.1.3.5). The mean weekly intake of dietary cadmium was estimated to vary between 0.10 and 3.05 µg Cd/kg bw, if the recommended amount of formula were to be consumed at the recommended age, and if the child were of average weight. This condition might be relevant for possible neuro-developmental effects of cadmium (see conclusion (i) on hold, developmental toxicity below). 

Table 4.1.3.3.1: Estimated daily Cd uptake in adults through environmental exposure in areas at ambient Cd concentrations (scenario’s 1-2) and near point sources with largest atmospheric Cd emissions in EU (scenario 3). See sections 4.1.1.3.1. to 4.1.1.3.5. for more details).

	Scenario 1: adults with sufficient body iron stores 

	Source
	Cd uptake (µg day-1)
	Assumptions

	Air
	0.025 -0.075
	Air Cd 5-15 ng m-3; daily inhalation 20 m3; absorption rate = 0.25

	Soil and dust
	0.021
	Dust or soil Cd 7 mg kg-1; 100 mg dust or soil per day; absorption rate = 0.03

	Smoking
	0.5-2.0
	Smoking of 20 cigarettes; 1-2 µg Cd cigarette-1; absorbed fraction 0.025-0.05

	Drinking water
	<0.06
	Cd water<1 µg L-1; absorption rate = 0.03

2L day-1 consumption

	Dietary intake
	0.21-0.96
	Dietary Cd 7-32 µg day-1, absorption rate = 0.03

	Sum
	non smokers:     0.32-1.12     

smokers:            0.82-3.12     

	

	Scenario 2: adults with depleted body iron stores 

	Source
	Cd uptake (µg day-1)
	Assumptions

	
	
	As above, but absorption rate of 0.06 for dietary Cd, soil/dust/water Cd 

	Sum
	non smokers:    0.53-2.08    

smokers:           1.03-4.08    

	

	Scenario 3 : near point sources (adults with sufficient body iron stores)

	Source
	Cd uptake (µg day-1)
	Assumptions

	Air
	0.11-5.0
	Air Cd is 22
 -1000
 ng /m3; daily inhalation 20 m3; absorption rate = 0.25

	Soil and dust
	0.24
	Dust or soil Cd 70 mg kg-1; 100 mg dust or soil per day; absorption rate = 0.03

	Drinking water
	<0.06
	Cd water<1 µg L-1; absorption rate = 0.03

2L day-1 consumption

	Dietary intake
	0.51 –1.02
	Dietary Cd 17-34 µg day-1

	Sum
	non-smokers :  0.89 – 1.40 (22 ng.m-3)

non smokers:   5.9-6.4 (1000 ng.m-3)   




Relationship between Cd uptake and Cd-U:

Based on the data derived from the Nordberg-Kjellström model reported under 4.1.2.1 (t1/2 : 13.6 y; 1/3 of the body burden in the kidney and a daily urinary excretion of 0.016 % of Cd kidney content), it can be calculated that a continuous uptake of 1 µg Cd/day is equivalent to an urinary excretion of about 0.5 µg Cd/24 hours or 0.5 µg/g creat at the age of 50 years. The conversion in Cd-U values of the daily uptakes calculated in the different scenarios is reported below in table 4.1.3.2.2.

Table 4.1.3.3.2 : Conversion of Cd daily uptake in Cd-U for individuals indirectly exposed via the environment.

	Scenario
	Daily uptake (µg/day)
	Cd-U

(µg/g creat)

	
	
	
	

	1.
	Adults with sufficient body iron stores, non-smokers
	0.32-1.12 
	0.16-0.56 

	
	Adults with sufficient body iron stores, smokers
	0.82-3.12
	0.41-1.56

	
	
	
	

	2.
	Adults with depleted body iron stores, non-smokers
	0.53-2.08
	0.26-1.04

	
	Adults with depleted body iron stores, smokers
	1.03-4.08
	0.51-2.04

	
	
	
	

	3..
	Near point sources (adults with sufficient body iron stores), non-smokers
	5.9-6.4

0.89 – 1.40
	2.95-3.2

0.44 – 0.7


The Cd-U values calculated by this approach can be compared for validation with the data reported in large epidemiological studies conducted in Europe reported in tables 4.2.1.5.1 (Umwelt Bundes Amt 2000; Fiolet et al., 1999) and 4.2.6.3.6 (Buchet al. 1990, Hotz et al. 1999 and Järup et al. 2000):

Table 4.1.3.3.3:  : Measured Cd-U values in European samples of the general population.

	
	
	Cd-U (µg/24 h or nmol/mmol creat)

	Buchet et al. 1990

Hotz et al. 1999*

Scenarios1, 2 and 3
	Belgium
	Geometric mean 0.84

Geometric mean (GSD)

M: 0.6 (1.9) 95th percentile : 2.1

F:   0.9 (2.0) 95th percentile : 3.6

	Järup et al. 2000**

Scenarios1, 2 and 3
	Sweden
	Mean (10-90th percentile)

M : 0.82 (0.18-1.80)

F : 0.66 (0.21-1.30)

	Umwelt Bundes Amt. 2000

Scenarios 1 and 2
	Germany
	Median (10-90th percentile)

0.18 (0.06-0.55)

	Fiolet et al. 1999 (RIVM)

Scenarios 1 and 2
	The Netherlands
	Geometric mean: 0.44

Median: 0.34

P95: 1.35


*   : baseline before implementation of preventive measures

** : including occupationally exposed individuals

While the calculated values fit reasonably well with the measured data reported in Belgium and Sweden, they notably overestimate the values from Germany and The Netherlands. It should be noted that the studies by Buchet et al. (1990), Hotz et al. (1999) and Järup et al. (2000) were conducted, at least in part, in regions with known environmental contamination by Cd (scenarios 1, 2 and 3 ) whereas the German and Dutch surveys examined individuals from the general population with no specific source of environmental exposure (mainly scenario 1 and 2). It can therefore be concluded that the calculated Cd-U values in table 4.3.3.2 represent a conservative estimate of the general population exposure and can be used for a conservative characterisation of the health risk in the general population.

It must be remembered that no attempt is made in this risk assessment to evaluate the specific contribution of CdO in the contamination of the diet by cadmium.

Risk associated with repeated dose exposure in the general population

Except for scenario 3, exposure is mainly via the diet and the lung is not expected to be a target organ in the general population. The critical target organs for cadmium in the general population are the kidney and bone.

When inhalation exposure is significant (scenario 3, near point sources), the possible relevance of respiratory toxicity (including carcinogenicity by inhalation) cannot be excluded.
Kidney and bone :

· As stated in the conclusions of section 4.1.2.6.3,  an accurate risk estimate is presently not possible for several reasons. On the basis of the available studies, it appears probable, however, that the earliest renal effects (HC proteinuria), may occur in the general population at Cd-U<5 µg/g creatinine (LOAEL 2 µg/g creatinine). This figure is based on the association between Cd and not only LMW proteins but also calcium excretion in urine and its possible relationship with bone effects (see 4.1.2.6.3 Effect Assessment, Repeated dose toxicity, Kidney). Some scientists (including the rapporteurs of the present document) are convinced that clear adverse renal effects with demonstrated clinical relevance occur only at Cd-U levels 2.5-fold above this LOAEL (> 5 µg Cd/ g creat). 

· Bone effects (bone mineral density and increased risk of fractures) directly caused by Cd and/or secondary to kidney damage are seen at relatively low exposure (LOAEL 3 µg/g creatinine; see 4.1.2.6.2 Effect Assessment, Repeated dose toxicity, Bone).

Before defining the amplitude of a MOS that would be acceptable for health effects in the general population, a number of issues need consideration:

· These LOAEL values are derived from a large set of epidemiological data directly collected in the population at risk (including individuals exposed during their childhood, smokers, women with depleted iron stores, and individuals with possible predisposing conditions such as renal diseases or diabetes but also workers with previously high exposure),

· Ambient Cd-U levels in the European population are < 2 µg Cd/g creat (see Toxicokinetics table 4.2.1.5.1) with, in the most recent surveys (e.g. Umweltbundesamt 2000), a median around 0.20 and a 90th percentile around 0.50 µg Cd/g creat. Other values measured in Europe are reported in table 4.2.1.3.1 (Toxicokinetics). Mean Cd-U levels in the reference population against which odds ratios of increased urinary protein HC were calculated in the most sensitive study (Järup et al. 2000, table 3) is also 0.20 µg Cd/g creat.

It is therefore proposed that a MOS of 3 would be sufficient to protect the population in order to mainly take into account the conversion of a LOAEL→NOAEL. 

Other factors that are usually included in the definition of a MOS such as incompleteness of the database, inter-species extrapolation, variations in exposure route or particularities of the dose-response relationship do not need consideration here. Intra-species variation in sensitivity (e.g. renal disease, diabetes) is implicitly included in the LOAEL and variations in exposure are taken into account by the different scenarios examined.

Table 4.1.3.3.4:

	
	Critical dose : 2 µg/g creatinine

	Scenario
	Cd-U (µg/g creatinine)
	MOS

	1a.
	Adults non-smokers
	0.16-0.56 
	12.2-3.58 

	1b.
	Adult smokers
	0.41-1.56
	 4.88-1.28

	2a.
	Adults depl. iron stores, non-smokers
	0.26-1.04
	  7.72-2.00

	2b.
	Adults depl. iron stores, smokers
	0.51-2.04
	 3.92-0.98

	3.
	Adults, near point source, non-smokers
	2.95-3.20

0.44 – 0.7
	0.68-0.62

4.5 – 2.85

	Measured data
	
	

	Buchet et al. 1990

Hotz et al. 1999

Scenarios 1,2 and 3
	GM 0.84

GM M : 0.6 

  P95 2.1

GM F : 0.9

  P95 3.6
	2.4

3.4 

1.0

2.2 

0.6

	Järup et al. 2000

Scenarios 1,2 and 3
	Mean M : 0.82 

  P10 : 0.18

  P90 : 1.80

Mean F : 0.66 

  P10 : 0.21

  P90 : 1.30
	2.4 

11

1.2

3.0 

10

4.0

	Fiolet et al. 1999 (RIVM)

Scenarios 1 and 2
	GM : 0.44

Median : 0.34

P95 : 1.35
	4.6

5.8

1.4

	Umwelt Bundes Amt. 2000

Scenarios1 and 2
	Median 0.18 

  P10 : 0.06

  P90 : 0.55

  P95 : 0.74

  P98 : 1.10
	11.0 

33.4

3.6

2.8

1.8

	NHNES 1999 (CDC, US)

Scenarios 1 and 2
	GM : 0.29

  P10 : 0.11

  P25 : 0.17

  P50 : 0.27

  P75 : 0.46

  P90 : 0.74
	6.6

18

11.8

7.4

4.4

2.8


Calculations indicate that, the MOS may be below 3 in smokers with adequate iron stores or not, and borderline for non-smokers with depleted iron stores (scenario 2a). The MOS is clearly below 3 for scenario 3, and this would even more be the case for individuals with depleted iron stores and/or smokers in such a scenario.  Conclusion iii is proposed for all scenarios except scenario 1a (non-smokers).

When confronted with the measured data, the MOS are substantially greater but still below 3 for a significant fraction of the population in the studies conducted in polluted areas (Buchet et al. 1990, Hotz et al. 1999 and Järup et al. 2000; scenarios 1,2 and 3). Considering the data from the general German population (equivalent to scenarios 1 and 2), the amplitude of the MOS is >3 for more than 90 % of the population. It should be noted that these environmental population surveys included smokers and ex-smokers which, most likely, contributed largely to the highest values. The MOS for the non-smoking population cannot be estimated precisely and there is a need for data to characterise Cd exposure specifically in the non-smoking population. Data obtained in selected non-smoking women in Sweden indicated upper Cd-U values of about 0.60 µg/g creatinine (Berglund et al. 1994, n= 57 and Olsson et al. 2002, n=37 after exclusion of one outlying value, 0.99 µg/g creatinine). The average Cd-U in non-smoking pregnant Swedish women (with relative iron deficiency) was 0.31 (0.11-1.1, n=193) µg/L (Åkesson et al. 2002).
The same calculation is given, for comparison purpose, with the data from the recent NHNES survey conducted in 1999 in the US (CDC 2001).

For information, the same assessment is done below with a critical value of 3 µg/ g creatinine at which bone effects were detected. 

Table 4.1.3.3.5:

	
	Critical dose : 3 µg/g creatinine

	Scenario
	Cd-U (µg/g creatinine)
	MOS

	1a.
	Adults non-smokers
	0.16-0.56 
	19-5 

	1b.
	Adult smokers
	0.41-1.56
	7-2

	2a.
	Adults depl. iron stores, non-smokers
	0.26-1.04
	12-3

	2b.
	Adults depl. iron stores, smokers
	0.51-2.04
	6-1.5

	3.
	Adults, near point source, non-smokers
	2.95-3.20

0.44 – 0.7
	1

6.82 – 4.28

	Measured data
	
	

	Buchet et al. 1990

Hotz et al. 1999
	GM 0.84

GM M : 0.6 

  P95 2.1

GM F : 0.9

  P95 3.6
	3.6

5

1.5

3.3

0.8

	Järup et al. 2000
	Mean M : 0.82 

  P10 : 0.18

  P90 : 1.80

Mean F : 0.66 

  P10 : 0.21

  P90 : 1.30
	3.6

17

1.7

4.5

15

2.3

	Fiolet et al. 1999 (RIVM)
	GM : 0.44

Median : 0.34

P95 : 1.35
	6.8

8.8

2.2

	Umwelt Bundes Amt. 2000
	Median 0.18 

  P10 : 0.06

  P90 : 0.55

  P95 : 0.74

  P98 : 1.10
	17

50

5.5
4.1
2.7

	NHNES 1999 (CDC, US)
	GM : 0.29

  P10 : 0.11

  P25 : 0.17

  P50 : 0.27

  P75 : 0.46

  P90 : 0.74
	10

27

18

11

6.5

4


Respiratory toxicity

In the absence of specific information concerning Cd metal, a cross-reading with the CdO dossier and a conclusion (iii) are proposed for scenario 3.

Carcinogenicity/genotoxicity in the general population.

There is no evidence that Cd metal when given by the oral route increases the risk of cancer in the general population.

Conclusion (ii) for scenarios 1 and 2 was agreed by the TM.

In view of the possibility of significant inhalation exposure for populations living nearby certain emitting sources, conclusion (iii) was proposed by the TM for scenario 3. 
Following the decision of the CMR WG for Cd metal (cf section 1.4), a carcinogenic potential cannot be excluded irrespective of the route of exposure, and a conclusion (iii) applies to all scenarios. Along the same line, a conclusion (iii) also applies for genotoxicity.

Reprotoxicity

a. effects on fertility and reproductive organs

The NOAEL (1 mg Cd/kg/d) derived from experimental studies is based on effects noted both in male and female reproductive systems upon repeated exposure by the oral route (9 weeks). This level is three orders of magnitude greater than environmental exposure (µg/kg/d), which is judged sufficient to protect the general population (composite MOS of 100 to account for interspecies extrapolation (10) and variability in humans (10)).

Conclusion (ii)

b. developmental effects:

Based on the data available in the general population, there is no indication of a potential developmental effect of CdO/Cd metal. Further information is needed to better document the possible effect of low doses of CdO on neurobehavioural performances suggested in experimental animals (see 4.1.2.9). Conclusion (i) on hold.
Table 4.1.3.3.6 : Summary of the risk characterisation for the general population.

	Endpoint
	Conclusion
	Scenario

	Repeated toxicity
	
	

	kidney and bone
	iii
	all except 1a

	respiratory effects
	iii
	3 only

	Carcinogenicity/genotoxicity
	iii
	all

	Reprotoxicity
	
	

	Effects on fertility and reproductive organs
	ii
	All

	Developmental effects
	i (on hold)
	


4.1.3.3.3 Risk characterisation for future conditions: modelling.

The risk characterisation for current exposure (4.1.3.3.2) leads to conclusion iii, except for scenario 1a (non-smoking adults with sufficient iron stores). It might therefore be useful to examine whether a risk may be expected in the future for this scenario (1a).

The risk characterisation at the predicted exposure in the future is based on predicted future exposure via the food chain and applies specifically to adult non-smokers with sufficient body iron stores. No further calculations will be made for scenarios for which a concern was already identified at current exposure conditions. 

The assessment for future conditions is only made for the regional and continental scale and not for local sites. This risk characterisation is not a standard procedure and does not calculate MOS values between exposure and effect levels. Instead, this characterisation is based on the comparison of predicted soil concentrations (PEC, section 3.1) with a so-called critical soil Cd concentration. The critical soil Cd concentration is defined as that concentration in soil not causing excessive Cd exposure via the human diet.  This concentration will be derived below using food chain modelling and with a critical dietary Cd intake. 

This section describes the conversion of critical Cd body burden into critical soil Cd concentrations.

A critical soil Cd concentration (Cdsoil,crit) can be defined as the highest concentration in soil not causing excessive Cd exposure via the human diet. This concentration will be derived with foodchain modelling by changing the variable amount of dietary Cd until a critical dietary Cd intake is reached.  

The critical dietary Cd intake is defined as that value above which a tolerable systemic Cd dose (body burden) would be exceeded in humans. The critical target organs in humans are the kidney and bone and critical Cd body burdens are derived here from urinary Cd concentrations (Cd-U). A LOAEL of 2 µg/g creatinine is proposed  based on early renal and bone changes. The significance of this value is subject to contrasting views : while some scientists (including the rapporteurs of the present document) expressed the view that early renal effects associated with low levels of environmental exposure (Cd-U <5 µg/g creatinine) most likely reflect benign, non-adverse responses (Hotz et al. 1999; section 4.1.2.6.3: health significance of early renal changes and ESRD), other scientists (mainly Swedish experts) indicated that an elevated concentration of low molecular weight proteins in urine is widely accepted, as such, as an indicator of kidney damage. 

The NOAEL for urinary Cd can be estimated by dividing the LOAEL by an uncertainty factor

NOAEL Cd-U=LOAEL/3= 0.66 µg Cd/g creatinine

The uncertainty factor of 3 is the lowest value suggested by IPCS (Environmental Health Criteria 210: Principles for the assessment of risks to human health from exposure to chemicals, WHO, 1999).
The flow of information needed to derive critical soil Cd concentrations from the critical urinary Cd concentrations for the general population is depicted in Fig. 4.1.3.3.1

The critical dietary Cd intake can be calculated with a one compartment model assuming several toxicokinetic parameters, age and body weight. This one compartment model is a simplification of the 8 compartment model of Nordberg-Kjellström (Annex 1) and in which the contribution of air Cd to the body burden is neglected, in line with the figures discussed above (table 4.1.3.3.2, excluding scenario near point sources). 

The assumptions behind the model to convert critical urinary Cd values into critical dietary Cd intake values are:

1. Cd-U is proportional to kidney cortex Cd and Cd-U=2.5 µg/g creatinine  is equivalent to 50 mg Cd/kg FW in kidney cortex (section 4.1.2.1.3)

2. Kidney weight is 300 g FW at body weight 70 kg and 235 g FW at body weight 55 kg.

3. Fraction of body burden Cd retained in kidney (fk) is 1/3 (Annex 1).

4. Cd concentration in the renal cortex is 25% higher than renal average (section 4.1.2.1)

5. Constant daily Cd intake during the last 53 years

6. no contribution from smoking, i.e. the assessment is made for non-smokers
Table 4.1.3.3.7 shows the daily Cd intake that would be required to reach the critical urinary Cd concentrations of 0.66 µg/g creatinine for various parameter values. Critical Cd intake values largely depend on the assumed half-life and on the fraction of Cd that is absorbed by the GI tract (fu). 

critical urinary Cd





age dependent; NOAEL=LOAEL/3





conversion also depends on body weight, gastrointestinal





absorption rate, Cd biological half life and others

critical dietary Cd





dependent on soil type, dietary habits,





fraction of diet impacted by soil Cd;






assumes that soil/dust ingestion can be neglected

critical soil Cd

    PECsoil





section 3.1.2.4.2

Cd emission to soil

Fig. 4.1.3.3.1 Flow of information to derive critical soil Cd concentrations from critical urinary Cd in the general population not occupationally exposed to Cd. The risk characterisation of Cd in soil to protect the general population is based on the PECsoil and the critical soil Cd concentrations.

Table 4.1.3.3.7:The calculated Cd intake through ingestion (µg/day) to reach the NOAEL of urinary Cd concentrations (0.66 µg/g creatinine) at age 53 in non-smoking adults. Calculations are based on a one compartment model with various assumed parameter values. 

	
	t**1/2 (y)
	10
	
	13.6
	
	40

	F*u
	Body weight (kg)
	70
	55
	
	70
	55
	
	70
	55

	
	
	
	
	
	
	
	
	
	

	0.03
	
	62
	48
	
	 47†
	37†
	
	25
	20

	0.05
	
	37
	29
	
	28
	22
	
	15
	12

	0.10
	
	19
	15
	
	14
	11
	
	8
	6


* fraction of dietary Cd that is absorbed by the GI tract;**estimated half life of Cd in kidney; 

† selected for risk characterisation, see 4.1.2.1.5 and text.

The following calculations will further be done for a body weight 70 and 55 kg and using the 3 % GI absorption rates. The model validation study reported under 4.1.2.1.5 indicates that a 3% absorption rate (at t1/2=13.6 y) most adequately describes Cd-U levels measured in the general population (predicted/observed ratio 0.9-1.3), even for upper percentile values. This 3% absorption rate as a ‘best fit’ parameter, while acknowledging that individuals with larger absorption rates exist, may indicate that it is incorrect to apply the largest absorption rates on also the largest dietary Cd intake values and for a constant period of 50 y. This indicates that the critical dietary Cd intake for non smokers with  body weights of 70kg and 55 kg respectively is:

Critical dietary Cd intake = 47-37 µg Cd/day 
(Table 4.3.3.7)
Conversion of dietary Cd intake to soil Cd

The relationship between soil Cd and dietary Cd intake can be calculated using food consumption data and food Cd concentrations that are predicted from soil Cd concentrations and the appropriate soil-plant transfer factors (TF’s
). The biotransfer of Cd from soil to the foodchain has been dicussed in 4.1.1.3.8. This calculation must consider the amount of dietary Cd that is impacted by the level of Cd in the soil. For a local risk assessment, it can be assumed that dietary Cd intake is only influenced by local soil Cd through locally produced food. For a regional or continental risk assessment, it can be assumed that most food groups are affected by soil Cd. This section only deals with the regional and continental risk assessment. Rather than making a single prediction for a risk assessment, dietary Cd intake is predicted for several scenarios of dietary habits and soil types.  Four scenarios are included for a continental risk assessment. These scenarios are chosen to represent a Scandinavian situation (Norway) with either neutral or acid soils, a central western European situation (Belgium) and a Mediterranean situation (Italy). 

The calculations assume that vegetables, potatoes and cereals are 100 % produced within the continent. The Cd in all other food groups (basal Cd intake) is assumed to be unaffected by the soil Cd content. There is only little error involved with this assumption since this basal Cd intake, diminished with Cd intake from fish and shellfish, is typically below 5 µg Cd day-1 (EUR 17527, 1997).  The basal Cd intake at a continental scale is calculated from dietary Cd intake excluding the contribution of vegetables, potatoes and cereals.  Market basket data of Norway, Belgium and Italy are selected from EUR 17527, 1997, similarly to the local calculations.

The soil-plant transfer factors were chosen from Tables 4.1.3.6 & 4.1.3.7 (section 4.1.1.3.8). The contribution of cereals was calculated from whole grain data. The Cd concentrations in white flour are, on average, 31 % less than that in wholemeal flour (Chaudri et al., 1995). The TF's of Scandinavian grain are based on the Swedish data in the table 4.1.1.4.7 and the other TF's of wheat grain were averaged to obtain representative TF's for grain for central Western Europe and for Mediterranean countries. The TF's for vegetables and potatoes were calculated as given above.

The dietary Cd intake is predicted for ambient soil Cd concentrations and for elevated soil Cd concentrations (Table 4.1.3.3.8). At ambient Cd concentrations, dietary Cd is predicted to range between 10 and 21 µg day-1, corresponding well with market basket studies in the respective countries (table 4.1.1.3.1). At an average soil Cd concentration of 1 mg Cd kg-1, dietary Cd intake is predicted to range between 36 and 59 µg Cd day-1. 

Table 4.1.3.3.8: calculated dietary Cd intake in 4 scenarios with either ambient soil Cd or elevated soil Cd (1 mg Cd kg-1) at a continental scale. Potatoes, vegetables and cereals (wheat grain) are 100 % grown within the continent.  Food consumption and basal Cd intake are based on data of European market basket studies (EUR 17527, 1997) and Cd soil-plant Transfer Factors (TF's) based on the compilation given in Tables 4.1.35 & 4.1.3.6. See text for more details.

	Scenario
	Food group
	Consumption

g fresh weight day-1
	TF

(dimensionless)
	dietary Cd intake (µg Cd day-1) at ambient soil Cd
	dietary Cd intake (µg Cd day-1) at Cdsoil=1 mg kg-1

	1. Scandinavian 

    neutral soils (pH 6.8, ambient soil Cd=0.25 mg kg-1)
	Potatoes

leafy vegetables

other vegetables

cereals


	
131


7


52


142
	
0.09


0.09


0.04


0.14
	
3.0


0.1


0.5


5.0

total continental
8.6

basal intake
1.7

total intake
10.3
	
11.8


0.7


2.1


19.6

total continental
34.2

basal intake
1.7

total intake
35.9


	2. Scandinavian

    acid soils (pH 5.8 ambient soil Cd=0.25 mg kg-1)
	Potatoes

leafy vegetables

other vegetables

cereals


	
131


7


52


142


	
0.18


0.18


0.08


0.17


	
5.9


0.3


1.0


6.0

total continental
13.3

basal intake
1.7

total intake
15.0
	
23.5


1.3


4.1


24.6

total continental
53.5

basal intake
1.7

total intake
55.2


	3. Central western Europe (ambient soil Cd=0.30 mg kg-1)


	Potatoes

leafy vegetables

other vegetables

cereals


	
240


47


155


224
	
0.08


0.12


0.03


0.11
	
5.8


1.7


1.4


7.4

total continental
16.2

basal intake
4.9

total intake
21.1

	
19.2


5.6


4.7


24.6

total continental
54.1

basal intake
4.9

total intake
59.0


	4. Mediterranean (ambient soil Cd=0.30 mg kg-1)
	Potatoes

leafy vegetables

other vegetables

cereals


	
54


27


175


266


	
0.08


0.12


0.03


0.11


	
1.3


1.0


1.6


8.8

total continental
12.6

basal intake
7.4

total intake
20.0

	
4.3


3.2


5.3


29.3

total continental
42.1

basal intake
7.4

total intake
49.5



The critical soil Cd concentrations are now derived for the proposed critical dietary Cd intake values (table 4.3.3.9). The Cdsoil, crit range for continental exposure is 0.59-1.32 mg Cd kg-1dw .

The Cdsoil,crit  values derived to protect the human food chain (table 4.1.3.3.9) are generally lower than the PNECsoil that was calculated in the environmental effects assessment (1.1-2.3 mg Cd kg-1, cfr. section 3.2.2) or than the critical soil Cd concentrations (0.9 mg Cd/kg) to prevent small mammals toxicity (section 3.2.6). It can therefore be concluded that protecting the human food chain is the most critical pathway of soil Cd. The derivation of the critical soil Cd values most critically depend on the choice of the actual ambient soil Cd concentration that is assiociated with the actual mean dietary Cd intake. This risk characterisation has however used identical choices for average ambient soil Cd concentrations at t=0 in both the exposure and the effects analysis and the conclusions of the risk characterization for future exposure are only marginally affected by the choice of the background. 

Table 4.1.3.3.9: The critical concentrations of Cd in soil that is predicted to protect the general population from Cd transferred through the foodchain.. 
	Scenario
	Cdsoil,crit (mg Cd kg-1dw)

	

	at critical dietary Cd intake = 47 µg/day (body weight 70 kg)

	
	

	1. Scandinavian neutral soils (pH 6.8)
	1.32

	2. Scandinavian acid soils (pH 5.8)
	0.85

	3. Central western Europe
	0.78

	4. Mediterranean
	0.94

	
	

	at critical dietary Cd intake = 37 µg/day (body weight, 55 kg) 

	
	

	1. Scandinavian neutral soils (pH 6.8)
	1.03

	2. Scandinavian acid soils (pH 5.8)
	0.66

	3. Central western Europe
	0.59

	4. Mediterranean
	0.70

	
	


Additional safety factors to account for the large group of individuals with low or depleted iron stores have been asked by some Member States at the TM on several occasions. The validation study discussed under 4.1.2.1.5, has shown that application of the 3% GI absorption rate adequately predicts the values observed in the population, including the upper percentiles. In this sense, an additional safety factor to protect Fe deficient individuals is not explicitly but implicitly included in the assessment. Therefore, the rapporteur proposes to minimise the accumulation of safety factors in the derivation of critical dietary Cd intake and it may become more transparent that only a safety factor of 3 is used in the conversion of LOAEL to NOAEL. The conversion of dietary Cd to soil Cd is obviously also uncertain but there are no data to predict if safety factors are embedded or not. The entire conversion of Cd-U to soil Cd leads to thresholds well below ambient or pre-industrial situations in some conditions. 

4.1.3.3.4 Future exposure conditions: risk characterisation (soil contribution) 
Model 2 was proposed in section 3.1 to assess risk of Cd in agricultural soils at a regional and continental scale. The predicted soil Cd concentrations after 60 years with current input range from 0.2-0.4 mg Cd/kgdw (Table 4.3.3.11). As mentioned above, there is little effect of the choice of the soil background at t=0 for risk characterisation because identical choices were made for exposure and effects analyses at the current conditions. Risk factors between 0.2-0.7 are predicted depending on the scenario and the critical dietary Cd intake (depending on body weight). This suggests that a conclusions (ii) can be proposed for the average soil compartment in the environmental risk assessment taking risks to the non-smoking population into account. It should be noted that those risks factors were derived using a best fit GI-uptake of 3%. A higher uptake (6%) will increase the risk factor by a factor of two.

This assessment is based on PEC soil derived from mean measured Cd concentrations at t=0. A risk can, however, not be excluded for local/regional situations, i.e. when PECsoil calculations would be based on 90th percentiles of measured Cd concentrations. Moreover, even risk factors that are below 1.0 may not be protective enough for all sections of the general population because of the large variability in food Cd concentrations, dietary habits and nutritional status. This warrants that existing food surveillance programs should be continued. 

Table 4.1.3.3.11 Risk characterisation for agricultural soil to protect the human food chain. The factor risk = PEC/Cdsoilcrit. The PEC values are derived from table 3.1.22 in section 3.1: environmental exposure. 

	Exposure scenario
	PECsoil 
	Cdsoil,crit
	factor risk soil
	effect scenario*

	
	mg/kgdw
	
	

	at critical dietary Cd intake = 47 µg/day

	1. low input-low output (pH 6.8)
	0.257
	1.32
	0.2
	Scandinavian neutral soils 

	2. low input-high output (pH 5.8)
	0.203
	0.85
	0.2
	Scandinavian acid soils 

	3. average input-low output
	0.385
	0.78-0.94
	0.4-0.5
	Central western Europe and mediterranean

	4. average input-high output
	0.310
	0.78-0.94
	0.3-0.4
	Central western Europe and mediterranean

	5. high input-low output
	0.411
	0.78-0.94
	0.4-0.5
	Central western Europe and mediterranean

	6. high input-high output
	0.339
	0.78-0.94
	0.4
	Central western Europe and Mediterranean

	7. EU average
	0.318
	0.78-1.32
	0.2-0.5
	All

	
	
	
	
	

	at critical dietary Cd intake = 37 µg/day

	1. low input-low output (pH 6.8)
	0.257
	 1.03
	0.2
	Scandinavian neutral soils 

	2. low input-high output (pH 5.8)
	0.203
	0.66
	0.3
	Scandinavian acid soils 

	3. average input-low output
	0.385
	0.59-0.70
	0.5-0.7
	Central western Europe and mediterranean

	4. average input-high output
	0.310
	0.59-0.70
	0.4-0.5
	Central western Europe and mediterranean

	5. high input-low output
	0.411
	0.59-0.70
	0.6-0.7
	Central western Europe and mediterranean

	6. high input-high output
	0.339
	0.59-0.70
	0.5-0.6
	Central western Europe and Mediterranean

	7. EU average
	0.318
	0.59-1.03
	0.3-0.5
	All


*continental scenarios for deriving the critical soil Cd concentrations, see 4.1.1.4.8

4.1.3.4 combined exposure

For occupationally exposed people, all or not living nearby an emitting plant and possibly also exposed via consumer goods, the dominant exposure route is presumably the inhalation route especially when the occupational exposure is high.

In case the occupational exposure is low, the oral route may become predominant as this is the case in people indirectly exposed to the substance (generic) via the environment.

In all these cases, because of the use of biomarkers of exposure that integrate all possible routes, the risk characterisation conducted under 4.1.3.1 and 4.1.3.3. also includes “combined exposure”.  Thus, the results of risk characterisation for those populations will not differ from those already derived under the mentioned sections.

As cadmium is a cumulative toxicant, any additional source of significant exposure (e.g. jewellery see consumer exposure) should be avoided or reduced as much as possible.
4.2 HUMAN HEALTH (PHYSICOCHEMICAL PROPERTIES)  (risk assessment concerning the properties listed in annex IIa of regulation 1488:94

The physicochemical properties of cadmium metal and cadmium oxide are well known and there is a general consensus as to the values of the particular physicochemical parameters relating to each of these substances. Note that the testing on pyrophoric properties of cadmium metal powder
, as requested by the MSR and the TM, was recently performed by Industy on a voluntary basis. 

Due to the relatively low melting and boiling point, these substances, when heated sufficiently can give rise to irritative fumes. For exposure and risk related to this property, reference is made to the relevant sections in 4.1 (human toxicity). 

Given the level of control in manufacture and use – extensive legislative instruments being already in place e.g. at the workplace - the risks from physicochemical properties are small.

Overall risk assessment for physicochemical properties:

Conclusion ii): There is at present no need for further information and/or testing or for risk reduction measures beyond those which are being applied already.

5 Conclusions / Results

5.1 introduction

Remarks on the scope, the approach and the limitations of the study are given in section 0.1.

For the environment the results concern Cadmium metal and Cadmium oxide. 

For the life-cycle stages related to the use of cadmium metal and cadmium oxide in batteries reference is made to the study included in Annex X (currently available as stand-alone document i.e. TRAR final draft of May 2003).

In this document (file 303) the results of the risk assessment for human health relate to Cadmium metal only.

5.2 ENVIROment


revision under preparation
ENVIRONMENT: AQUATIC ECO-SYSTEM
(X)
i)
There is a need for further information and/or testing

(   )
ii)
There is at present no need for further information and/or testing or for


risk reduction measures beyond those which are being applied
(X)
iii) and iii)*
There is a need for limiting the risks: risk reduction measures which are already being applied shall be taken into account

Conclusion [i] is reached because:

· the AVS and oc based normalisation should be further validated to refine the risk characterisation to benthic organisms
 (on local as well as on regional level).  
· there is a need for testing the Cd toxicity in very soft waters (H below about 10 mg CaCO3/L). There are no data for the very soft waters and these areas may be unprotected by the proposed PNECwater for  soft water (0.08 µg Cd L-1) 
Conclusion [ii] is reached because:

· no risk is predicted for the aquatic ecosystem at all CdO production sites because there are no emissions to water in the CdO production process.

· the 90th percentiles of measured Cd concentrations of European rivers and lakes have risk factors below 1 for a number of regions (e.g. large German water bodies).
· no risk is predicted for the local sediment compartment for CdO production (all sites), some Cd metal producers and some stabiliser producers and users because there are no emissions to water and no additional risk arises from their operations.
Conclusion [iii] is reached because:

· there is a local risk for the aquatic ecosystem at 10 production (cadmium metal) and processing (stabilisers, pigments, plating and alloy) sites. Three sites have emissions into the sea and one is a generic scenario (Cd plating). 
· regional risk for the aquatic ecosystem cannot be excluded in certain regions (90th percentiles of measured Cd concentrations of European rivers and lakes have risk factors 0.05-7.99, mean 0.65). Specific information on hardness and suspended solids content or fractionation (dissolved Cd vs. total) may refine this conclusion. As an example, no regional risk is predicted in The Netherlands if data with unknown fractionation are excluded (average of 90th percentiles in dissolved fraction have a risk factor of 0.8). In addition, predicted regional Cd concentrations are below the PNECwater. 

· there is a local risk for benthic organisms7 at sites that give risk based on local emissions, irrespective of the regional background concentration: 7 Cd-production sites and 7 Cd-processing sites (i.e. stabiliser production, pigment production and the generic scenario ‘Cd plating’). Measured local Cd concentrations (not available) and SEM/AVS analysis could remove concern.

· the limited number of 90th percentiles of measured Cd concentrations in sediments1 show average risk factors of about 2.2, suggesting regional risk. Averages of 90th percentiles could not be calculated for different regions. SEM/AVS analysis could remove the concern.

Conclusion [iii*] is reached because 

· there is a predicted local risk for benthic organisms7 at all production and processing sites Risk is always predicted even if emissions are zero because the regional Cd concentration in sediment is already above the PNECsediment. The regional Cd concentration in sediment is the 90th percentile of measured data. No risk is predicted when the EU average or median sediment Cd concentration is used as regional Cd concentration. No risk due to a local contribution is predicted for sites where emissions are zero (8 sites: 2 Cd producers; 2 (=all) CdO producers; 3 Cd stabilizers producers and 1 user) nor for 7 sites (3 Cd producers; 2 Cd stabilizer producers and 2 Cd pigment producers) with a low local contribution. 
ENVIRONMENT: TERRESTRIAL ECO-SYSTEM
( )
i)
There is a need for further information and/or testing

(X)
ii)
There is at present no need for further information and/or testing or for


risk reduction measures beyond those which are being applied
(X)
iii)
There is a need for limiting the risks: risk reduction measures which

are already being applied shall be taken into account

Conclusion [ii] is reached because

· predicted regional soil Cd concentrations that include different agricultural scenario’s are below the PNECsoil. The 90th percentiles of measured Cd concentrations in natural and agricultural soils of different European surveys have risk factors  below 1 in  most regions.

Conclusion [iii] is reached because:

(  anticipated long term risks at the local scale at 3 Cd metal production sites. Although modelled soil Cd concentrations indicate immediate risks for the soil organisms at only 1 site, current atmospheric emissions from 2 other sites may increase risk at the local scale within 50 years at current emissions. 

· there is a need for limiting the potential risks of cadmium plating and alloy production sites.
· regional risk for the terrestrial ecosystem cannot be excluded in some regions. The 90th percentiles of measured Cd concentrations in natural and agricultural soils of different European surveys have risk factors exceeding 1 in some regions (e.g. UK).
ENVIRONMENT: ASSESSMENT OF SECONDARY POISONING
( )
i)
There is a need for further information and/or testing

(X)
ii)
There is at present no need for further information and/or testing or for


risk reduction measures beyond those which are being applied
(X)
iii)
There is a need for limiting the risks: risk reduction measures which

are already being applied shall be taken into account

Conclusion [ii] is reached because

· field data (body burden: kidney and liver Cd data) of birds (excluding pelagic birds)  do not indicate Cd poisoning, even in contaminated areas and in top predators. No risk is predicted for terrestrial mammals using measured soil Cd concentrations (averages of 90th percentiles) or predicted regional soil Cd concentrations.
ENVIRONMENT: ATMOSPHERE

(  )
i)
There is a need for further information and/or testing

(  )
ii)
There is at present no need for further information and/or testing or for


risk reduction measures beyond those which are being applied
(  )
iii)
There is a need for limiting the risks: risk reduction measures which

are already being applied shall be taken into account

Conclusion (   ) is reached because:

 No risk characterisation was done for the atmosphere.
SEWAGE TREATMENT PLANT

(  )
i)
There is a need for further information and/or testing

(  )
ii)
There is at present no need for further information and/or testing or for


risk reduction measures beyond those which are being applied
(X )
iii)
There is a need for limiting the risks: risk reduction measures which

are already being applied shall be taken into account

Conclusion [iii] is reached because:

· risk to on-site and off-site STP cannot be excluded for Cd pigments, plating and alloy industry.

5.3 human health

5.4 occupational assessment

(X)
i)
There is need for further information and/or testing

(  )
ii)
There is at present no need for further information and/or testing or for risk 


reduction measures beyond those which are being applied

(X)       iii)
There is a need for limiting the risks: risk reduction measures which are 



already being applied shall be taken into account

Conclusion i) is reached because:

Further information is needed to better document the possible neurotoxic effects of Cd metal suggested in experimental animals, especially on the developing brain. The collection of this additional information should, however, not delay the implementation of appropriate control measures needed to address the concerns expressed for several other health endpoints including repeated dose toxicity and carcinogenicity (conclusion i on hold). 

The information requirements are:

Further epidemiological and experimental information to identify more precisely the nature of the effects, the characterisation of the exposure and the mechanism of action related to neurotoxicity. These investigations should mainly focus on effects on the developing brain (prenatal and early childhood exposure). Effects on the adult nervous system should also be characterised.

Conclusion iii) is reached because:

At the mentioned exposure levels, health risks (respiratory irritation; kidney & bone repeated dose toxicity; genotoxicity; carcinogenicity, effects on fertility and reproductive organs) cannot be excluded upon inhalation exposure.

Table 5.4.1 : Overview of the formal occupational health conclusions on cadmium metal as produced/used in the scenarios relevant for the life-cycle of cadmium metal i.e. Cd metal production’, ‘Ni-Cd batteries’, ‘Alloys’, ‘Pigments’, Plating’, ‘Stabilisers’, ‘Brazing’ and ‘Others’
	End point 
	Conclusions proposed for the occupational scenario’s

	
	Cd metal production
	Ni-Cd batteries
	Alloys
	Pigments
	Metal plating
	Stabilisers
	Brazing
	Others

	
	MOS
	Ccl
	MOS
	Ccl
	MOS
	Ccl
	MOS
	Ccl
	MOS
	Ccl
	MOS
	Ccl
	MOS
	Ccl
	MOS
	Ccl

	Acute toxicity 
	-
	(iii)
	-
	(ii)
	-
	(ii)
	-
	(ii)
	-
	(ii)
	-
	(ii)
	<<1
	(iii)
	-
	(ii)

	Irritation

eye

skin

respiratory tract
	-

-

-
	(ii)

(ii)

(iii)
	-

-

-
	(ii)

(ii)

(iii)
	-

-

-
	(ii)

(ii)

(iii)
	-

-

-
	(ii)

(ii)

(iii)
	-

-

-
	(ii)

(ii)

(iii)
	-

-

-
	(ii)

(ii)

(iii)
	-
-

-
	(ii)
(ii)
(iii)
	-

-

-
	(ii)

(ii)

(iii)

	Corrosivity
	-
	(ii)
	-
	(ii)
	-
	(ii)
	-
	(ii)
	-
	(ii)
	-
	(ii)
	-
	(ii)
	-
	(ii)

	Sensitisation
	-
	(ii)
	-
	(ii)
	-
	(ii)
	-
	(ii)
	-
	(ii)
	-
	(ii)
	-
	(ii)
	-
	(ii)

	Repeated dose toxicity
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Kidney & bone
	0.66
	(iii)
	0.6
	(iii)
	-
	(iii)*
	0.50
	(iii)
	-
	(iii)*
	-
	(iii)*
	-
	(iii)*
	-
	(iii)*

	Neurotoxicity
	-
	(i)§
	-
	(i)§
	-
	(i)§
	-
	(i)§
	-
	(i)§
	-
	(i)§
	-
	(i)§
	-
	(i)§

	Genotoxicity
	-
	(iii)
	-
	(iii)
	-
	(iii)
	-
	(iii)
	-
	(iii)
	-
	(iii)
	-
	(iii)
	-
	(iii)

	Carcinogenicity
	-
	(iii)
	-
	(iii)
	-
	(iii)
	-
	(iii)
	-
	(iii)
	-
	(iii)
	-
	(iii)
	-
	(iii)

	Reprotoxicity
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Effects on fertility and sex organs
	0.25
	(iii)
	0.31
	(iii)
	(2)
	(iii)
	1.25
	(iii)
	10
	(ii)
	50
	(ii)
	0.35
	(iii)
	50
	(ii)

	Developmental effects
	-
	(i)§
	-
	(i)§
	-
	(i)§
	-
	(i)§
	-
	(i)§
	-
	(i)§
	-
	(i)§
	-
	(i)§


§ on hold

* by extrapolation from other scenarios

temporary explanatory note: the scenario ‘Brazing, welding and soldering’ has been moved from the CdO file and included into the Cd metal conclusions as it relates to the life-cycle of the latter substance
5.5 CONSUMER assessment

(  )
i)
There is need for further information and/or testing

(X)
ii)
There is at present no need for further information and/or testing or for risk 


reduction measures beyond those which are being applied

(X)       iii)
There is a need for limiting the risks: risk reduction measures which are already 


being applied shall be taken into account

Conclusion iii) is reached because:

among the examined scenarios, 

· acute respiratory effect cannot be excluded when using Cd-containing brazing sticks (DIY); 

· dermal exposure to Cd metal is possible when wearing (imported) jewellery and in this case, in a very conservative estimate, it cannot be excluded that consumer exposure may represent cause of concern for the relevant endpoints associated with , carcinogenicity/genotoxicity and possibly reprotoxicity.

Conclusion ii) is reached because:

among the examined scenarios, Cd metal is involved for the manufacture of Ni-Cd batteries and, in this case, consumer exposure is considered to be non-existent or negligible.

5.6 INDIRECT exposure VIA THE ENVIRONMENT

(X )
i)
There is need for further information and/or testing

(  )
ii)
There is at present no need for further information and/or testing or for risk 


reduction measures beyond those which are being applied

(X)       iii)
There is a need for limiting the risks: risk reduction measures which are 



already being applied shall be taken into account

Conclusion i) is reached because:

Further information is needed to better document the possible neurotoxic effects of Cd metal suggested in experimental animals, especially on the developing brain. The collection of this additional information should, however, not delay the implementation of appropriate control measures needed to address the concerns expressed for several other health endpoints including repeated dose toxicity and carcinogenicity (conclusion i on hold). 

The information requirements are:

Further epidemiological and experimental information to identify more precisely the nature of the effects, the characterisation of the exposure and the mechanism of action related to neurotoxicity. These investigations should mainly focus on effects on the developing brain (prenatal and  early childhood exposure). Effects on the adult nervous system should also be characterised.

Conclusion iii) is reached because:

At the mentioned exposure levels, health risks (kidney & bone (all scenarios except adult non-smokers with sufficient iron stores) and lung (scenario 3) repeated dose toxicity, carcinogenicity/genotoxicity) cannot be excluded upon environmental exposure.

Related to the scenario 3 (‘near point sources’): the conclusion iii) for kidney & bone repeated dose toxicity is based on RWC calculated estimates derived from the highest exposure data per life-cycle step i.e. data from 1996 (three Cd metal producers) or 1999 (one NiCd battery producer) and in the absence of more recent emission and/or reliable measured data from Industry. To date, some of the plants for which these values were reported may have ceased activity or changed their production process.

For the same scenario, the conclusion iii) for lung repeated dose toxicity is applicable to Cd metal producers only (RWC calculated estimate based on emission data of 1996 at three sites and in the absence of more recent emission and/or reliable measured data from Industry: to date, some of the plants for which these values were reported may have ceased activity or changed the production process).

Table 5.6.1: Overview of the conclusions with respect to environmental exposure

	End point
	Conclusions proposed for man exposed via the environment

	
	1a. adults non-smokers
	1b. adults smokers
	2a. adults with depleted iron stores, non-smokers
	2b. adults with depleted iron stores, smokers
	3.near point sources

	
	MOS
	Ccl
	MOS
	Ccl
	MOS
	Ccl
	MOS
	Ccl
	MOS
	Ccl

	Repeated dose toxicity
	
	
	
	
	
	
	
	
	
	

	Kidney and bone
	 12.5-3.58


	(ii)
	 4.88-1.28


	(iii)
	 7.72-2.00


	(iii)
	 3.92-0.98


	(iii)
	 0.62- 4.5 


	(iii)

	Lung
	-
	-
	-
	-
	-
	-
	-
	-
	~2
	(iii)

	Carcinogenicity/genotoxicity
	-
	(iii)
	-
	(iii)
	-
	(iii)
	-
	(iii)
	-
	(iii)

	Reprotoxicity
	
	
	
	
	
	
	
	
	
	

	Effects on fertility ands sex organs
	>100
	(ii)
	>100
	(ii)
	>100
	(ii)
	>100
	(ii)
	>100
	(ii)

	Developmental effects
	-
	(i)§
	-
	(i)§
	-
	(i)§
	-
	(i)§
	-
	(i)§


§ : on hold

5.7 COMBINED EXPOSURE

See Conclusions for Workers, for Consumers and/or for Man exposed indirectly via the environment.

5.8 HUMAN HEALTH (PHYSICOCHEMICAL PROPERTIES)

(  )
i)
There is need for further information and/or testing

(X)
ii)
There is at present no need for further information and/or testing or for risk 

reduction measures beyond those which are being applied

(  )       iii)
There is a need for limiting the risks: risk reduction measures which are 


already being applied shall be taken into account

Conclusion ii) is reached because:

Given the level of control in manufacture and use, the risks from physicochemical properties are small.
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	Standard term / Abbreviation
	Explanation/Remarks and Alternative Abbreviation(s)

	(1M
	alpha-1-microglobulin, protein HC or (-1 µglob

	Ag
	silver

	Ann.
	annex

	AF
	assessment factor

	Alb
	albumin

	ALT
	amino alanine transferase

	As
	arsenic

	AST
	aspartate amino transferase

	(2M
	beta-2-microglobulin, (-2µglob

	BAT
	Biologischer Arbeitsstoff-Toleranz-Wert 

	BCF
	bioconcentration factor

	BMD
	bone mass density

	BMI
	body mass index

	bw 
	body weight / Bw, b.w.


	°C
	degrees Celsius (centigrade)

	Ca
	calcium

	CA
	Competent Authority

	CA
	chromosomal aberrations

	CAS
	chemical abstract system

	Cd-B
	cadmium in blood

	CdCl2
	cadmium chloride

	Cd-H
	cadmium in hair

	Cd-MT
	cadmium metallothionein

	Cd-P
	placental cadmium

	Cd-S
	cadmium sulfide

	Cd-U
	cadmium in urine

	CEC
	Commission of the European Communities

	CEN
	European Committee for Normalisation

	CEPE
	European Council of the Paint, Printing Ink and Artists’ Colours Industry

	CI
	confidence interval

	creat
	creatinine

	CT50
	concentration x time , causing death in 50% of a defined experimental animal population

	Cu
	copper

	d 
	day(s), day

	DNA
	deoxyribonucleic acid

	d.wt
	dry weight / dw

	DG 
	Directorate General

	E
	expected, Exp.

	EC
	European Communities

	EC
	European Commission

	EC50
	median effective concentration

	EEC
	European Economic Community

	EINECS 
	European Inventory of Existing Commercial Chemical Substances 

	EPO
	erythropoietin

	ESRD
	end-stage renal disease

	EU 
	European Union

	EUSES 
	European Union System for the Evaluation of Substances

	Fe
	iron

	FEV
	forced expiratory volume

	FVC
	forced vital capacity

	G
	gram(s)

	GI
	gastro-intestinal

	GFR
	glomerular filtration rate

	GLP
	good laboratory practice

	GM
	geometric mean

	GSD
	geometric standard deviation

	h, hr
	hour(s)

	ha
	hectares / h

	Hb
	hemoglobin

	Hg
	mercury

	HMW
	high molecular weight

	HPLC
	high pressure liquid chromatography

	IARC
	International Agency for Research on Cancer

	inhal.
	inhalable

	ISO
	International Standards Organisation

	IUPAC
	International Union for Pure Applied Chemistry

	KCO
	carbon monoxide transfer coefficient

	kDa
	kilodalton

	kg
	kilogram(s)

	kPa
	kilo Pascals

	Koc
	organic carbon adsorption coefficient

	Kow
	octanol-water partition coefficient

	Kp
	solids water partition coefficient 

	l
	litre(s)

	LMW
	low molecular weight

	LOAEL
	lowest observed adverse effect level

	LOEL
	lowest observed effect level

	log
	logarithm to the basis 10

	LD50
	lethal dose, causing the death in 50% of a defined experimental animal population

	L(E)C50
	lethal concentration, median

	LEV
	local exhaust ventilation

	m
	meter

	µg
	microgram(s)

	µm
	micrometer (s)

	µM
	micromolar

	MEF
	maximum expiratory flow

	mg
	milligram(s) 

	Mg
	magnesium

	min
	minute

	MMAD
	mass median aerodynamic diameter

	Mn
	manganese

	MN
	micronucleus

	MOS
	margins of safety

	MT
	metallothionein

	MT-I
	metallothionein-I

	MT-II
	metallothionein-II

	mU
	milliunits

	NAG
	N-acetyl-beta-D-glucosaminidase

	N.D.
	not determined

	ng
	nanograms

	Ni
	nickel

	nmol
	nanomole

	N.I.
	no information available

	Ni-Cd
	nickel-cadmium

	NOAEL
	no observed adverse effect level

	NOEC
	no observed effect concentration

	NOEL
	no observed effect level 

	O
	observed, obs.

	OR
	odds ratio

	OEL
	occupational exposure limit

	OECD
	Organisation for Economic Co-operation and Development

	OJ
	Official Journal

	OR
	odds ratio

	p
	p-value

	PEF(R)
	peak expiratory flow (rate)

	pH
	potential hydrogen -logarithm (to the base 10) of the hydrogen ion 

concentration {H+}

	pKa
	-logarithm (to the base 10) of the acid dissociation constant

	pKb
	-logarithm (to the base 10) of the base dissociation constant

	Pa
	Pascal unit(s)

	pmol
	picomole

	PEC
	predicted environmental concentration

	PEL
	permissible exposure limit

	PNEC(s)
	predicted no effect concentration(s)

	PNECwater
	predicted no effect concentration in water

	ppb
	parts per billion

	ppm
	parts per million

	(Q)SAR 
	quantitative structure activity relationship

	r
	correlation coefficient

	r²
	determination coefficient

	RBP
	retinol binding protein

	Respir.
	respirable

	RR
	relative risk

	RRT
	renal replacement therapy

	RV
	residual volume

	SCE
	sister chromatid exchange

	SCR
	standardised cause ratio

	SD, S
	standard deviation

	Se
	selenium

	SE
	standard error

	SIR
	standardised incidence ratio

	SMR
	standardised Mortality Ratio

	STEL
	short-term exposure limit

	STP
	sewage treatment plant

	TF
	transfer factor

	TGD
	Technical Guidance Document


	TLCO
	single breath carbon monoxide transfer factor

	TLV
	threshold limit value

	TWA
	time-weighted average

	UV
	ultraviolet region of spectrum

	UVCB
	unknown or variable composition, complex reaction

products or Biological material

	v/v
	volume per volume ratio

	w/w
	weight per weight ratio

	w
	gram weight

	wk
	week(s)

	Zn
	zinc

	>
	greater than

	(
	greater than or equal to

	< 
	less than

	(
	less than or equal to

	%
	percent

	(
	alpha

	(
	beta

	(
	gamma
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Annex 1.4.2.A: 
Dissolution/transformation test: cadmium metal powder: Summarised description of test parameters in LISEC tests with cadmium metal powder
Annex 1.4.2.B: 
Dissolution/transformation test: cadmium metal powder: Results of all LISEC tests (1-3) with cadmium metal powder
Annex 1.4.2.C: 
Dissolution/transformation test: massive cadmium metal: Summarised description of test parameters in LISEC tests with cadmium metal (massive form: shots)
Annex 1.4.2.D: 
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� O.J. No L 084, 05/04/199 p. 0001 - 0075


� O.J. No. L 161, 29/06/1994 p. 0003 – 0011


3 Technical Guidance Document, Part I-V, ISBN 92-827-801[1234]


� 22 ng.m-3 : the NiCd producing plant for which this value was reported may have ceased its activity during the preparation of this report. Figure based on RWC calculated estimate for the year 1999 and in the absence of more recent Industry's exposure data. 


� 1000 ng.m-3 : some of the Cd producing plants for which these values were reported may have ceased their activities during the preparation of this report. Figure based on RWC calculated estimate for the year 1996 and in the absence of more recent Industry’s exposure data.





� TF, plant to soil Cd concentration ratio: (predicted Cd crop concentration)/soil Cd; cfr section 4.1.1.3.8





� The outcome of these studies is: commercial cadmium ‘powder’ is found to be non pyrophoric: the criteria for flammability, self-ignition and explosivity are not met (cfr section 1).





� After the TMIV’02 last visit discussion on cadmium in sediment a number of MSs (UK, F, DE) and Industry commented on the sediment assessment and the current conclusions drawn in line with the outcome of that last TM (for more details, see effects assessment and risk characterisation).





� Commission of the European Communities, 1996. Technical Guidance Documents in Support of the  Commission Directive 93/67/EEC on risk assessment for new substances and the Commission Regulation (EC) No 1488/94 on risk assessment for existing substances. Commission of the European Communities, Brussels, Belgium. 


ISBN 92-827-801[1234]
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