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Regulatory assessments

Recommendations, Regulations and Guidelines applicable to Molybdenum

Agency Description Information Reference
USP Oral permitted daily exposure|Oral; 250 ug/day USP 2009
(PDE) Parenteral;
25 ug/day
EMA PDE Oral; 250 ug/day EMA 2000
Parenteral;
25 ug/day
MHLW tolerable upper intake level Oral; 450 ug/day MHLW 2010
U.S. EPA |Reference dose for chronic oral|Oral; 5 ug/kg/day US EPA 1993
exposure (RfD)
RIVM Tolerable daily intake (TDI) Oral; 10 ug/kg/day | RIVM 2001
WHO Drinking quality guideline 70 ug/L WHO 2003
Conclusion

Based on the experience of public regulations and the dietary exposure in humans, oral PDE is

set at 300 ug/day.
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RHODIUM (Rh)

Introduction

Rh is a platinum group VIII element of the second transition series. Its principal oxidation
states are LII and III, though Rh III is the most common state, especially in terms of aqua ion
formation. It is rarely contained in the earth crust at an average of 0.0002 ppm. However, Rh is
recently emerging in ambient air from 0.4 to 3.9 pg/m3 in the form of particulate matter at various
places in Europe, north, middle and south America because of increasing usage of platinum group

elements for automobile exhaust catalysts (Wiseman and Zereini, 2009).

Dietary intake
Mean UK intake: 0.2 ng/day; 97.5 percentile intake 0.4 png/day (Ysart et a, 1999). Upper-bound
of daily intake in UK was reported 0.3ug/day in 1994 and 2.3pg/day in 2006 (Rose et al, 2010).

Toxicological data

Oral uptake is reported to be very low. Single-dose rat toxicity data on RhCl3 indicate that the
1vioral LD50 values are ca 200 and > 500 mg/kg, respectively. Simple Rh compounds such as RhCl13
have been reported as genotoxic, e.g. in Salmonella typhimurium TA98, and others as cytotoxic. No
repeated-dose toxicity data were located. Cytotoxicity of Rh to human bronchial epitherial cells was
lower than Pt (Schmid et al 2007).

Conclusion
Insufficient animal/human toxicity data are available for risk evaluation purposes. Rh

compounds appear to be less toxic than their Pt counterparts.
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RUTHENIUM (Ru)

Introduction

Ru is a platinum group metal of the second transition series. It exhibits a wide range of
oxidation states, the most common being II, III and IV. Ruthenium tetraoxide, RuO4, is a more
volatile and vigorous oxidant than OsO4. Ru(OH)2, RuCl4 and RuO2 are stable and water soluble;
generally Ru III salts are insoluble in water. Ru is employed as a hardener in Pt/Ru alloys Which

are used in electrical contacts.

Dietary Intake
Mean UK intake: 4 pg/day; 97.5 percentile intake, 6 pg/day (Ysart et al, 1999). Daily intake had

decreased to 0.03-0.81pg/day in 2006 (Rose et al, 2010).

Toxicological Data
Oral absorption of Ru is low (up to 8.5% in rodents). Oral and intraperitoneal (ip) LD50 values

have been determined in rodent species for several Ru compounds:

Compound oral LD50(mg/kg) and ip LD50(mg/kg)

Species Oral LDso ip LDso Species

Ru chloride 463 225 Mouse
hydroxide (Ru(OH)CI13)

Ru oxide (Ru02) 5570 3050 Mouse

Ru oxide (Ru02) 4580 - Rat

Several Ru complexes with potential medical application have been reported to cause genotoxic
responses in vitro (e.g. in Salmonella typhimurium strains TA98 and TA100), although the
magnitude of the effects was much less than in the case of cis-platin. No data from repeated-dose
toxicity studies could be located.

Conclusion

Based on data from acute toxicity studies on simple Ru compounds, and on the genetic toxicity
of some complexes containing nitrogenous ligands, Ru compounds/complexes appear likely to be less

toxic than their Pt counterparts. However, insufficient data are available on which to base a reliable

assessment.

References
Guideline on the specification limits for residues of metal, EMEA/CHMP/SWP/4446/2000.
Ysart G et al (1999) Dietary exposure estimates of 30 elements from the UK Total Diet Study, Food
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SELENIUM (Se)

Introduction

Selenium is present in the earth's crust, often in association with sulfur-containing minerals.
It can assume four oxidation states (-2, 0, +4, +6) and occurs in many forms, including elemental
selenium, selenites and selenates. Many selenium compounds are odoriferous, some having an
odour of garlic (WHO, 1987).

Acid and reducing conditions reduce inorganic selenites to elemental selenium, whereas
alkaline and oxidizing conditions favour the formation of selenates. Selenites and selenates are
usually soluble in water. Elemental selenium is insoluble in water and not rapidly reduced or
oxidized in nature. In alkaline soils, selenium is present as water-soluble selenate and is available
to plants; in acid soils, it is usually found as selenite bound to iron and aluminium oxides in
compounds of very low solubility (NRC, 1983).

The level of selenium (mostly bound to particles) in most urban air ranges from 0.1 to 10
ng/ms3, but higher levels may be found in certain areas, e.g. in the vicinity of copper smelters. The
levels of selenium in groundwater and surface water range from 0.06 to about 400 pg Se/litre (WHO,
2003).

Selenium is an essential trace element for many species, including humans (NRC, 1983,
1989). Selenium is incorporated into proteins via a specific selenocysteine tRNA. Selenium is found
as selenocysteine in glutathione peroxidase and is incorporated into other proteins (Boéck A et al.,

1991).

Dietary intake

Foodstuffs constitute the main source of selenium for the general population. Daily dietary
intake varies considerably according to geographical area, food supply, and dietary habits.
Recommended daily intakes by NRC have been set at 1.7 pg/kg of body weight in infants and 0.9
pg/kg of body weight in adults (NRC, 1989). In Japan, the average daily intake was estimated at
about 100 pg/day (Yoshida 1992), and the reference recommended daily intake of 24.2 pg/day for
adults has been calculated from a Yang’s report (1988) by using an average body weight of 60 kg
(WHO 1996, MHLW 2009).

Vegetables and fruits are mostly low in selenium content (<0.01 mg/kg). Levels of selenium in
meat and seafood are about 0.3-0.5 mg/kg. Grain and cereal products usually contain <0.01-0.67
mg/kg. Great variations of corn, rice, and soya beans in high- and low-selenium areas in China have
been reported (between 4-12 and 0.005—-0.01 mg/kg). Most drinking-water contains much less than
10 pgflitre, and the relative contribution of selenium from drinking-water may be small in

comparison with that from locally produced food (WHO, 2003).
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Kinetics

Most water-soluble selenium compounds and selenium from food are effectively absorbed in the
gastrointestinal tract, however, elemental selenium and selenium sulfide are poorly absorbed
(ATSDR 2003, Thomson and Stewart 1973 and 1974, Griffiths et al. 1976). After absorption, water-
soluble selenium compounds appear to be rapidly distributed to most organs, the highest
concentrations being in the kidney, liver, spleen, and testes (ATSDR 2003, Thomson and Stewart
1973 and 1974). ‘

Selenium compounds are biotransformed into excretable metabolites, including unknowns as
well as methylated selenides and trimethylselenonium ion at higher doses (WHO 1987, Hogberg et
al. 1986).

Most (49-70%) selenium is excreted in urine (19). In humans, selenite is eliminated in three
phases, with half- lives of 1, 8-20, and 100 days, respectively (Griffiths et al. 1976).

Toxicological data
Acute toxicity’ Selenite, selenate, selenocysteine, and selenomethionine are highly toxic and the
oral LDso of sodium selenite in rats is 4.8-7 mg Se/kg of body weight (WHO 1987, ATSDR 2003).
Repaeted dose toxicity: In up to thirteen-weeks studies of rats or mice, administration of selenite or
selenate at more than c.a.0.4 mg Se/kg bw/ day via drinking water or diet caused a dose related
decrease in body weight gain (Halverson et al. 1966; NTP 1994; Tsunoda et al. 2000). Reduced
secretion of growth hormone from the anterior pituitary gland, hepatic pathological changes,
anaemia, pancreatic enlargement were observed at a dose range of 0.6 — 0.8 mg Se/kg bw/ day of
selenite in the (3-8 weeks) rat diet studies (Thorlacius-Ussing 1990; Halverson et al. 1966; Chen et
al. 1993). Based on these studies results, the NOAEL of repeated dose toxicity was considered to be
0.2 mg Se/kg bw/day. However, small sporadic infiltrations of mononuclear cells in portal canals and
weak activation of Kupffer cells were observed at dose of 4 pg Se/kg bw/day of selenite for 3 months
in rats (Kolodzijeczyk et al. 2000).
Reproductive and development toxicity: Reproductive toxicities (increased number of stillborn,
decreased body weight and survival rate in pups etc.,) of selenate (3 mg/litre in drinking-water: 0.39
mg Se/kg bw/day) in mice and (15 mg/litre in drinking-water: 1.5 mg Se/kg bw/day) in rats have
been reported (Schroeder and Michener 1971, NTP 1996). No embriotoxic and teratogenic effects
except only retarded fetal growth in mice were observed at the concentration of up to 22.8nm/ml
(1.8 mg/litre) of selenite in drinking water (Nobunaga et al. 1979). The evidence of
selenomethionine-induced embryonic or fetal toxicity observed in rabbits and hamsters was
observed at only doses associated with overt maternal poisoning and nutritional deprivation
(Berschneider et al. 1977, Ferm VH et al. 1990).

In a study on monkeys (Macaca fascicularis) fed selenomethionine (25, 150 or 300 pg Se/kg of
body weight per day) during organogenesis, no signs of teratogenicity were observed (Tarantal et al.
1991).
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Genotoxicity: A weak mutagenic activity has been demonstrated for both selenite and selenate in
Salmonella typhimurium strain TA100 (Lofroth et al. 1978, Noda et al. 1979). Selenite, selenate,
and selenide induced unscheduled DNA synthesis, sister chromatid exchange, and chromosomal
aberrations in cell cultures in vitro, often in the presence of glutathione (Khalil et al. 1989, Ray et al.
1978, Whiting et al. 1980). In one in vivo study, chromosomal aberrations and increased sister
chromatid exchange were seen in hamster bone marrow cells after selenite treatment, but only at
toxic doses (Norppa et al. 1980).

Carcinogenicity: Early studies in which tumours were seen in test animals (Inne at al. 1969, Harr
et al. 1967) have been seriously questioned because of study limitations (IARC 1975), and several
evaluators have found the data to be inconclusive. In two studies on mice, there was either no
increase or decrease in the incidence of tumours after administration of selenite or selenate (3 mg of
selenium per litre of drinking-water: c.a.0.3 mg Se/kg bw/day) (Schroeder and Mitchener 1972) or
selenium oxide (2 mg of selenium per litre of drinking-water) (Schrauzer et al. 1974).

Effects on Human: A few reports of clinical signs of selenium deficiency are available. It has been
suggested that it may be a factor in endemic cardiomyopathia (Keshan disease) and possibly also in
the joint and muscle disease (Kaschin-Beck disease) in the Keshan region of China (WHO 1987,
Hogberg et al. 1986). |

Acute oral doses of selenite and other selenium compounds cause symptoms such as nausea,
diarrhoea, abdominal pain, chills, tremor, numbness in limbs, irregular menstrual bleeding, and
marked hair loss (Hégberg et al. 1986, Sioris et al. 1980).

Children living in a seleniferous area in Venezuela exhibited more pathological nail changes, loss
of hair, and dermatitis than those living in Caracas (Jaffe 1972). Based on Chinese data on blood
level-intake relationships (Yang et al 1989a), their estimated daily intake was about 0.66 mg of
selenium. However, the groups concerned differed nutritionally in several ways. In a follow-up study,
Yang et al. studied a population of about 400 individuals with average daily intakes ranging from 62
to 1438 pg of selenium (Yang et al 1989a, 1989b). Clinical signs of selenosis (hair or nail loss, nail
abnormalities, mottled teeth, skin lesions, and changes in peripheral nerves) were observed in 5 of 439
adults having a mean blood selenium of 1346 pg/litre, corresponding to a daily intake of 1260 pg of
selenium. Decreases in prothrombin time and in the concentration of glutathione in blood were seen at
dietary intakes exceeding 750-850 pg of selenium. The authors suggested that the daily intake of
0.015 mg Se/kg bw/day (c.a. 800pg Se/day) would be NOAEL.

In a recent study, 142 subjects from geographical areas in U.S. where the average selenium intake
was 239 pg/day (68724 ug/day) were examined over 2 years (Longnecker et al. 1991). An association
between selenium intake and alanine aminotransferase (ALAT) levels in serum was observed but
considered to be clinically insignificant. None of the effects, including nail abnormalities, were related

to selenium intake.
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Regulatory assessments

Recommendations, Regulations and Guidelines applicable to Selenium

Agency Description Information Reference
NRC Recommended daily intake Infants: NRC 1989
1.7 pg Se/kg bw/day
Adults:
0.9 pg Se/kg bw/day
MHLW Reference recommended daily|24.2 pg Se/day MHLW 2009
intake (at 60 kg bw)
USP Oral permitted daily exposure
(PDE)
EMA PDE
MHLW Drinking water guideline 0.01 mg Se/LL MHLW 2003

'| Tolerable daily intake (TDI) 0.004 mg Se/kg bw,
U.S. EPA | Reference dose for chronic oral | Oral; 0.005 mg Se/kg bw | US EPA 1991
exposure (RfD)

ATSDR MINIMAL RISK LEVEL (MRL) | Oral, chronic ATSDR 2003
0.005 mg Se/kg bw
WHO Drinking quality guideline 0.01 mg Se/LL WHO 2008

Tolerable daily intake (TDI) 0.004 mg Se/kg bw,

Conclusion

Selenium does not appear to be carcinogenic. JARC has placed selenium and selenium
compounds in Group 8 (IARC 1987). Selenium compounds have been shown to be genotoxic in in
vitro systems with metabolic activation. There was no evidence of teratogenic effects in
experimental animals. Long-term exposure in rats may result in growth retardation and liver
pathology. In humans, the toxic effects of long-term selenium exposure are manifested in nails, hair,
and liver. Data from Chinese indicate that clinical and biochemical (decreased liver prothrombin
synthesis) signs occur at a daily intake above 0.8 mg. Daily intakes by Venezuelan children with
clinical signs were estimated at about 0.66 mg on the basis of their blood levels and the Chinese data
(Yang et al) on the relationships between blood levels and intakes. Based on the NOAEL of 0.015
mg Se/kg bw/day at the Yang et al.’s reports, U.S.EPA estimated the reference dose as 0.005 mg
Se/kg bw/day by using an uncertainty factor (UF) of 3. The NOAEL based on the clinical or
biochemical signs of selenium toxicity were also derived from the Longnecker’s data (a group of 142
persons) with a mean daily intake of 0.24 mg (maximum 0.72 mg) from food. WHO concluded that
the 0.004 mg Se/kg bw/day corresponding the average intake is a tolerable daily intake. The
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approach seems to be different from EPA assessment, but the average value is one third
(corresponding to UF:3) of the highest dose of 720 mg, which could be assessed as a NOAEL of
Longnecker’s data.

 On the basis of these data, the NOAEL of 4 pg Se/kg bw/day in humans was considered to be

appropriate from a standpoint of conservative assessment.
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