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Abstract
In 2018 the German Commission for the Investigation of Health Hazards of Chemical
Compounds in theWork Area has re-evaluatedmolybdenum [7439-98-7] and its com-
pounds. Available publications are described in detail.

In recent publications since the last evaluation in 2005 some authors investigated
molybdenum concentrations in blood or urine with respect to occupational molyb-
denum exposure, however, without a conclusive outcome:The results of the different
studies were either contradictory or missed respective exposure data and/or quality
control measures. Therefore, no BAT value (biological tolerance value) was derived.
However, some studies reported background concentrations in men, women or chil-
dren, most of them with sufficiently applied quality control. In these studies, it was
found that nutrition is the most important contribution to molybdenum in urine. Sev-
eral studies with quality control means and with sufficient statistical power revealed
similar concentration ranges between 34–50 µg/l urine and/or 95th percentiles around
150 µg/l urine. In conclusion, a BAR (biological reference value) of 150 µg molybde-
num/l urine was derived.
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BAT value (2018) not established

BAR (2018) 150 µg molybdenum/l urine

MAK value (2000) not established

Absorption through the skin –

Carcinogenicity –

Prenatal toxicity –

In 2005, no BAT value (biological tolerance value) could be derived for molybdenum and its compounds due to the
data situation. In the present addendum, the data published since then are evaluated with regard to the possibility
of deriving a BAT value or a BAR.

The Commission’s working group “Analyses in Biological Material” has developed methods for the determination
of molybdenum in urine and plasma (Schramel et al. 2001, 2003; Seiler et al. 1997).

Re-evaluation
In the following, publications with publication dates from 2005 onwards are evaluated.

Molybdenum biomonitoring after occupational exposure
Ellingsen et al. (2017) investigated molybdenum concentrations in blood, blood cells, serum and urine of welders
from a shipyard in Russia (n = 70) and controls from metal works (fitters without exposure, n = 74). All test persons
were healthy according to companymedical examination. Exposure to welding smoke particles (SRP) was measured
by means of personal sampling of the workroom air during the entire shift. Spectral interference was minimized
by high-resolution measurement with inductively coupled plasma sector-field mass spectrometry (ICP-SF-MS);
reference materials (seronorm) were also measured. The detection limits in the different samples were 0.088 µg/l
(blood), 0.042 µg/l (serum), 0.097 µg/l (blood cells) and 0.048 µg/l (urine). Although the highest median concentration
of molybdenumwas measured in air (compared with the other elements), no association with the SRP concentration
was found for molybdenum.

The following molybdenum concentrations were determined (Table 1):

Tab. 1 Molybdenum concentrations in biological materials (according to Ellingsen et al. 2017)

Welders ♂ (n = 70) Controls ♂ (n = 74)

Median Min–Max 95th percentile Median Min–Max 95th percentile

Blood
[µg/l]

 0.74  0.28–5.7  2.7  0.52 0.19–2.8   1.1

Serum
[µg/l]

 1  0.5–3.3  1.7  0.77 0.16–3.5   2.2

Blood cells
[µg/l]

 1.7  1.1–2.4  2  1.4 1.1–2.5   1.8

Urine
[µg/g crea]

38 12–93 91 27 2.4–382 151

The MAK Collection for Occupational Health and Safety 2020, Vol 5, No 4 2



Assessment Values in Biological Material – Molybdenum and its compounds

The authors could not establish a statistically significant relationship between the molybdenum concentrations in
the biological samples and the molybdenum concentration in the air.

Zeneli et al. (2015) examined blood and serum from 27 unexposed controls of a rural area together with 70 samples
from workers of a thermo power plant in Kosovo who were “low to medium” occupationally exposed. The exposure
was not quantified inmore detail.There was exposure to aluminium, nickel, thallium and uranium, but not to molyb-
denum. Essential trace elements, including molybdenum, were determined in blood and serum and a relationship
with exposure to other elements was investigated. All measurements were performed with ICP-MS. The analytical
method was checked by analysis of 12 reference materials in different concentration ranges and matrices (serum,
plasma, blood). In both sample groups a very low molybdenum blood concentration was determined, but in the
group exposed to other elements the concentration of 0.81 ± 0.3 µg/l was statistically significantly lower (p = 0.05)
compared with the concentration of 0.94 ± 0.28 µg/l in the controls. The Spearman correlation showed a statistically
significant negative correlation between nickel and molybdenum and a statistically significant positive correlation
between molybdenum and aluminium.

From the set of the publications with occupational molybdenum exposure only the study by Ellingsen et al. (2017)
describes sufficient quality control criteria on the one hand and investigations of molybdenum concentrations of
controls and of workers exposed to molybdenum on the other.

Data on Background Exposure

Studies in children

There are studies in children on the molybdenum excretion in urine (Çelik et al. 2014; Moreno et al. 2010; Sievers
et al. 2001).

Studies in women

Barrios et al. (2017) report molybdenum concentrations in the urine of 124 pregnant Mexican women. The study
was conducted to investigate a possible association between maternal exposure to molybdenum and a possible
disruption of neuronal development in the children. Dietary habits were recorded by means of a questionnaire.
Urine samples were collected in each trimester of pregnancy. In the first and third trimesters of pregnancy, mean
molybdenum urine concentrations were determined to be 37.0–40.3 µg/l and 45.7–54.2 µg/g creatinine, respectively.
No association with body mass index, age, smoking or other socioeconomic factors was found. After examination
of 84 foods, a significant relationship was found only between high chili consumption and molybdenum in urine.

The team of authors led by Rentschler et al. (2018) analysed blood samples for precious metals and molybde-
num using high-resolution ICP-sf-MS from 248 women (47–61 years) from nine countries under quality-controlled
conditions. From each participating country 24 or 25 samples were available. For molybdenum a median of 2.0
(0.2–16) µg/l in blood samples was reported. Concentrations varied statistically significantly between countries
by a factor of 2.9, with Ecuador and China showing the highest values (analytical values not reported). A negative
correlation was found between smoking and molybdenum.

In the study by Yoshida et al. (2006), molybdenum intake from food and subsequent excretion was investigated.
Only healthy Japanese women aged 18–23 years participated in the study. During the 18-day study, the subjects
received only controlled food. The excretion of molybdenum in urine correlated with the molybdenum content in
the food consumed.
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Studies in men

In a study by Lewis and Meeker (2015), molybdenum concentrations in blood, urine and serum, and their possible
correlation to serum testosterone were described in 484 men (18–55 years). The collective and analysis data were
taken from the National Health and Nutrition Examination Survey (NHANES) database.

Studies in the general population

In another study by Lewis et al. (2016), data from 1496 adults (♂ 830; ♀ 666) from the NHANES study from the period
2007 to 2010 were used to investigate a potential relationship between bone density andmolybdenum concentration
in urine. Inmultivariate models, a statistically significant inverse relationship between ln(urinarymolybdenum) and
lumbar spine or femoral neck bone density was found in women (50–80+ years). The median urinary molybdenum
excretion of men was 49.8 µg/l (38.8 µg/g creatinine) in the age group 20–50 years, and 48.4 µg/l (38.2 µg/g creati-
nine) in the age group < 50 years; for women it was 45.4 µg/l (44.9 µg/g creatinine) in the age group 20–50 years,
and 33.7 µg/l (42.9 µg/g creatinine) in the age group < 50 years.

Saravanabhavan et al. (2017) report on a study in the Canadian Health Measures Survey (CHMS) in which blood and
urine of three age groups (3–5 years, 6–19 years, 20–79 years) were examined for background exposure to molybde-
num. From the 2009/2011 measurement period 95th percentiles for molybdenum in the blood of 2.7 µg/l (1.4–4.0 µg/l)
for the age group 3–5 years (n = 495), of 1.7 µg/l (1.3–2.0 µg/l) for the age group 6–19 years (n = 985) and of 1.6 µg/l
(1.4–1.7 µg/l) for the age group 20–79 years (n = 1759) were determined. For molybdenum in urine 95th percentiles
of 290 µg/l (200–380 µg/l) were determined for the age group 3–5 years (n = 465), of 230 µg/l (180–290 µg/l) for the
age group 6–19 years (n = 993) and of 170 µg/l (130–210 µg/l) for the age group 20–79 years (n = 1519).

Zeiner et al. (2006) investigated seven trace elements, including molybdenum, in urine samples of 100 (♂ 50 and
♀ 50; 17–88 years) healthy male and female volunteers from Vienna. The subjects had neither metal prostheses
nor occupational exposure. For the entire sample collective, a mean value of 57.7 µg/g creatinine (3.91–745 µg/g
creatinine) and a median of 46.2 µg/g creatinine is given. The urinary molybdenum concentrations of men did not
differ significantly from those of women (♂ mean value: 61.0 µg/g creatinine (3.91–745 µg/g creatinine), median:
42.3 mg/g creatinine; ♀ mean value: 54.4 µg/g creatinine (12–215 µg/g creatinine), median: 47.2 mg/g creatinine).

Heitland and Köster (2006 a) analysed 37 trace elements in blood samples of 130 (♂ 50; ♀ 80; 18–70 years) non-
exposed volunteers from northern Germany. The mean value for molybdenum in the blood is given as 0.43 µg/l
(0.06–4.0 µg/l), the 95th percentile with 1.1 µg molybdenum/l blood.

The analysis of 30 trace elements in urine samples from 87 non-exposed adults (Heitland and Köster 2006 b) showed
a mean value of 38 µg molybdenum/l urine (4–357 µg/l) and a 95th percentile of 94 µg/l urine.

Studies with sufficient quality control of the background exposure of adults to molybdenum are presented in Table 2.
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Tab. 2 Studies with sufficient quality control of the background exposure of adults to molybdenum

Molybdenum ReferencesCollective Matrix n
(age) Mean value Median  95th Percentile

Control collective
of an occupational
health study; ♂,
Russia

blood   74  0.52 µg/l   1.1 µg/l Ellingsen et al. 2017

♀ blood  248  2.0 µg/l Rentschler et al. 2018

CHMS, Canada blood 1759
(20–79 years)

  1.6 µg/l Saravanabhavan et al. 2017

General population,
Germany

blood  130  0.43 µg/l   1.1 µg/l Heitland and Köster 2006 a

General population,
Germany

urine   87
(18–65 years)

38 µg/l  94 µg/l Heitland and Köster 2006 b

Control collective
of an occupational
health study; ♂,
Russia

urine   74 27 µg/g crea 151 µg/g crea Ellingsen et al. 2017

Pregnant ♀, Mexico urine  124 37–40.3 µg/l
45.7–54.2 µg/g crea

Barrios et al. 2017

NHANES, USA, ♂ urine  484 41.54 µg/l 46.05 µg/l 141 µg/l Lewis und Meeker 2015

 830

 541
(20–50 years)

49.8 µg/l
38.8 µg/g crea

NHANES, USA, ♂ urine

 289
(50–80+ years)

48.4 µg/l
38.2 µg/g crea

Lewis et al. 2016

 666

 459
(20–50 years)

45.4 µg/l
44.9 µg/g crea

NHANES, USA, ♀ urine

 207
(50–80+ years)

33.7 µg/l
42.9 µg/g crea

Lewis et al. 2016

CHMS, Canada urine 1519
(20–79 years)

170 µg/l Saravanabhavan et al. 2017

General population
Austria

 100 57.7 µg/g crea 46.2 µg/g crea

♂   50 61 µg/g crea 42.3 µg/g crea

♀

urine

  50 54.4 µg/g crea 47.2 µg/g crea

Zeiner et al. 2006

Re-evaluation of assessment values
In several of the new studies, large and well characterized sample collectives as well as sufficient information for
successful quality control of the determinations are available (Barrios et al. 2017; Ellingsen et al. 2017; Heitland
and Köster 2006 a, b; Lewis and Meeker 2015; Lewis et al. 2016; Rentschler et al. 2018; Saravanabhavan et al. 2017;
Yoshida et al. 2006; Zeiner et al. 2006). No significant differences between the genders were found.

Re-evaluation of a BAT value

Out of the three available publications, only the one of Ellingsen et al. (2017) can be used with regard to occu-
pational exposure. Only this publication mentions sufficient quality control criteria and examines molybdenum
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concentrations of controls and molybdenum-exposed workers. The urinary molybdenum concentration showed no
correlation with exposure. In the blood of welders, the determined values showed significantly higher molybde-
num concentrations, but the authors did not find a statistically significant association between molybdenum in the
biological fluids and the molybdenum concentration in the air (Ellingsen et al. 2017).

In the study by Zeneli et al. (2015), there was no exposure to molybdenum, but to other metals, so that no association
between molybdenum exposure and concentration in biological materials can be established.

Since no studies have been published which demonstrate a clear relationship between exposure and molybdenum
concentration in urine, and since values of up to 300 µg molybdenum/l urine can be achieved from predominantly
diet-related background exposure,

no BAT value is derived.

Evaluation of a BAR
The more recent studies on biomonitoring of molybdenum confirm the values of background exposure in the
general population (Schaller 2010). Relevant studies are presented in Table 2. For the derivation of the BAR, the
95th percentile of the study by Lewis and Meeker (2015) is used, who have analysed the molybdenum concentra-
tions in urine in a non-exposed population sample (NHANES) using modern, reliable analytical procedures with
sufficient quality control, as well as the 95th percentiles from the studies by Ellingsen et al. (2017), Heitland and
Köster (2006 b) and Saravanabhavan et al. (2017). These studies are additionally supported by similar median values
from the studies of Lewis et al. (2016) and Zeiner et al. (2006).

Studies with children (Çelik et al. 2014; Moreno et al. 2010; Sievers et al. 2001) are not considered for BAR evaluation
because children’s diet is atypical for adults.

From the studies of Ellingsen et al. (2017), Heitland and Köster (2006 b), Lewis and Meeker (2015) and
Saravanabhavan et al. (2017)

a BAR of 150 µg molybdenum/l urine

is derived.

The BAR in urine is expressed on a litre basis, as there is no evidence of an advantage of relating molybdenum
excretion to creatinine.

References
Barrios PL, Vázquez-Salas RA, López-Carrillo L, Menezes-Filho JA, Torres-Sánchez L (2017) Dietary determinants of urinary molybdenum levels

in Mexican women: a pilot study. Salud Publica Mex 59: 548–555. DOI: 10.21149/8162

Çelik T, Savaş N, Kurtoğlu S, Sangün Ö, Aydın Z, Mustafa D, Öztürk OH, Mısırlıoğlu S, Öktem M (2014) Iodine, copper, zinc, selenium and
molybdenum levels in children aged between 6 and 12 years in the rural area with iodine deficiency and in the city center without iodine
deficiency in Hatay. Turk Pediatri Ars 49: 111–116. DOI: 10.5152/tpa.2014.1209

Ellingsen DG, Chashchin M, Berlinger B, Fedorov V, Chashchin V, Thomassen Y (2017) Biological monitoring of welders’ exposure to chromium,
molybdenum, tungsten and vanadium. J Trace Elem Med Biol 41: 99–106. DOI: 10.1016/j.jtemb.2017.03.002

Heitland P, Köster HD (2006 a) Biomonitoring of 37 trace elements in blood samples from inhabitants of northern Germany by ICP-MS. J Trace
Elem Med Biol 20: 253–262. DOI: 10.1016/j.jtemb.2006.08.001

Heitland P, Köster HD (2006 b) Biomonitoring of 30 trace elements in urine of children and adults by ICP-MS. Clin Chim Acta 365: 310–318.
DOI: 10.1016/j.cca.2005.09.013

Lewis RC, Meeker JD (2015) Biomarkers of exposure to molybdenum and other metals in relation to testosterone among men from the United
States National Health and Nutrition Examination Survey 2011–2012. Fertil Steril 103: 172–178. DOI: 10.1016/j.fertnstert.2014.09.020

The MAK Collection for Occupational Health and Safety 2020, Vol 5, No 4 6

https://doi.org/10.21149/8162
https://doi.org/10.5152/tpa.2014.1209
https://doi.org/10.1016/j.jtemb.2017.03.002
https://doi.org/10.1016/j.jtemb.2006.08.001
https://doi.org/10.1016/j.cca.2005.09.013
https://doi.org/10.1016/j.fertnstert.2014.09.020


Assessment Values in Biological Material – Molybdenum and its compounds

Lewis RC, Johns LE, Meeker JD (2016) Exploratory analysis of the potential relationship between urinary molybdenum and bone mineral density
among adult men and women from NHANES 2007–2010. Chemosphere 164: 677–682. DOI: 10.1016/j.chemosphere.2016.08.142

Moreno ME, Acosta-Saavedra LC, Meza-Figueroa D, Vera E, Cebrian ME, Ostrosky-Wegman P, Calderon-Aranda ES (2010) Biomonitoring of
metal in children living in a mine tailings zone in Southern Mexico: a pilot study. Int J Hyg Environ Health 213: 252–258. DOI: 10.1016/j.
ijheh.2010.03.005

Rentschler G, Rodushkin I, Cerna M, Chen C, Harari F, Harari R, Horvat M, Hruba F, Kasparova L, Koppova K, Krskova A, Krsnik M, Laamech J,
Li Y-F, Löfmark L, Lundh T, Lundström N-G, Lyoussi B, Mazej D, Osredkar J, Pawlas K, Pawlas N, Prokopowicz A, Skerfving S, Snoj
Tratnik J, Spevackova V, Spiric Z, Sundkvist A, Strömberg U, Vadla D, Wranova K, Zizi S, Bergdahl IA (2018) Platinum, palladium, rhodium,
molybdenum and strontium in blood of urban women in nine countries. Int J Hyg Environ Health 221: 223–230. DOI: 10.1016/j.ijheh.2017.
10.017

Saravanabhavan G, Werry K, Walker M, Haines D, Malowany M, Khoury C (2017) Human biomonitoring reference values for metals and trace
elements in blood and urine derived from the Canadian Health Measures Survey 2007–2013. Int J Hyg Environ Health 220: 189–200. DOI:
10.1016/j.ijheh.2016.10.006

Schaller KH (2010) Molybdenum and its compounds, except molybdenum trioxide. BAT Value Documentation, 2006. In: Drexler H, Greim H,
Hartwig A (eds)TheMAK-Collection for Occupational Health and Safety, Part II: BAT Value Documentations, vol 5. Wiley-VCH,Weinheim,
109–113. Also available from DOI: 10.1002/3527600418.bb743998e0005

Schramel P, Dunemann L, Caroli S, Emons H (2001) Aluminium, chromium, cobalt, copper, manganese, molybdenum, nickel, vanadium. Biomoni-
toringMethod, 2000. In: Angerer J, Schaller KH, GreimH (eds) Analyses of Hazardous Substances in Biological Materials, vol 7. Wiley-VCH,
Weinheim, 73–96. Also available from DOI: 10.1002/3527600418.bi0hricpmse0007

Schramel P, Dunemann L, Begerow P, Brätter P (2003) Molybdenum. Biomonitoring Method, 2003. In: Angerer J, Schaller KH, Greim H (eds)
Analyses of Hazardous Substances in Biological Materials, vol 8. Wiley-VCH, Weinheim, 167–186. Also available from DOI: 10.1002/
3527600418.bi743998e0008

Seiler HG, Seiler M, Alt F (1997) Molybdenum. Biomonitoring Method, 1996. In: Angerer J, Schaller KH, Greim H (eds) Analyses of Hazardous
Substances in Biological Materials, vol 5. VCH, Weinheim, 109–123. Also available from DOI: 10.1002/3527600418.bi743998e0005

Sievers E, Schleyerbach U, Schaub J (2001) Molybdenum in infancy: methodical investigation of urinary excretion. J Trace Elem Med Biol 15:
149–154. DOI: 10.1016/S0946-672X(01)80059-6

Yoshida M, Hattori H, Ôta S, Yoshihara K, Kodama N, Yoshitake Y, Nishimuta M (2006) Molybdenum balance in healthy young Japanese women.
J Trace Elem Med Biol 20: 245–252. DOI: 10.1016/j.jtemb.2006.07.004

Zeiner M, Ovari M, Zaray G, Steffan I (2006) Selected urinary metal reference concentrations of the Viennese population – urinary metal
reference values (Vienna). J Trace Elem Med Biol 20: 240–244. DOI: 10.1016/j.jtemb.2006.07.001

Zeneli L, Sekovanić A, Daci N (2015) Chronic exposure to aluminum, nickel, thallium and uranium and their relationship with essential elements
in human whole blood and blood serum. J Environ Sci Health A Tox Hazard Subst Environ Eng 50: 540–546

The MAK Collection for Occupational Health and Safety 2020, Vol 5, No 4 7

https://doi.org/10.1016/j.chemosphere.2016.08.142
https://doi.org/10.1016/j.ijheh.2010.03.005
https://doi.org/10.1016/j.ijheh.2010.03.005
https://doi.org/10.1016/j.ijheh.2017.10.017
https://doi.org/10.1016/j.ijheh.2017.10.017
https://doi.org/10.1016/j.ijheh.2016.10.006
https://doi.org/10.1002/3527600418.bb743998e0005
https://doi.org/10.1002/3527600418.bi0hricpmse0007
https://doi.org/10.1002/3527600418.bi743998e0008
https://doi.org/10.1002/3527600418.bi743998e0008
https://doi.org/10.1002/3527600418.bi743998e0005
https://doi.org/10.1016/S0946-672X(01)80059-6
https://doi.org/10.1016/j.jtemb.2006.07.004
https://doi.org/10.1016/j.jtemb.2006.07.001

