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Heavy Metals

e The term "Heavy metals” means metals
with a high density, e. g. W (Tungsten), Zn
(Zinc), Hg (Mercury), Pb (Lead), Cd
(Cadmium).

 This presentation deals with Hg and Cd,
with a focus on Cd.
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Mercury (Hg)

» Human exposure to mercury and its
compounds occur:

» As aresult of occupational exposure via air
(e. g dental use, fluorescent lamps etc).

» After release into the environment from
natural and man made sources with
subsequent conversion to methylated
chemical forms which are accumulating in
aguatic species consumed as human food.
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Mercury in Food

» Consumption of fish with high levels of methyl
mercury (up to 20mg/kg) caused the Minamata
Disease in Japan (1953) with severe neurological
Impairment and death in some cases (Study Group
of Minamata Disease, 1968)

 Levels of methyl mercury in fish 0.1-1 mg/kg
without water pollution. Different levels in
different species of fish
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Methyl Mercury:Toxicokinetics

Uptake >90 percent from food

Distributes to all tissues in human body. High
level in CNS, also in the fetus.

Biological half-time 65 days

Excreted mainly via feces (small part after
demethylation via urine)

Toxicokinetic model available
Levels in blood and hair good indicators of BB
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Adverse effects in Humans and DR relationships.

« Critical target organ: fetal brain
* High exposure Minamata: severe effect CP

* Intakes giving hair mercury levels in mothers of
1-500 mg/kg are related to increasing prevalence
of mental retardation in children (lrag data — IPCS
1990).

* Intakes giving hair mercury levels in mothers <1-
>12 mg/kg (Seychelles, Faroe Islands) indicate
slight neurodevelopmental effects in children
(Faroe) or no effects(Seychelles) .

11

(CP)
. 1-500 mg/kg
(Iraq data) — IPCS(
)1990)
. ( <1->12 mg/kg
( )
( )

12




Recommended Safe Intake level

» Based on the Faroe and Seyshelles evidence
a NOAEL of 14 mg/kg in maternal hair was
estimated by WHO/FAO/JECFA at their
61st meeting 2003. Using approritate safety
factors and conversion models between
levels in maternal hair and weekly intake, a
PTWI of 1.6 jug/kgbw/week was

recommended.
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Recommended Safe Intake level in Japan

» Based on the evidence from Seychelles and
Faroe Islands, The FSC of Japan (2005)
made the following risk assessment:

» 12 mg/kg of Hg in maternal hair estimated
as NOAEL.

* More than 99.9 % of Japanese women have
hair Hg < 10mg/kg

» Tolerable weekly intake of 2 jug/kg
bw/week
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Based on chapter in Handbook on the Toxicology of Metals 2nd ed :

Cadmium
by L. Friberg,T. Kjellstrom and G F Nordberg.

Updated version to be prepared for 3rd Ed by
G F Nordberg, K. Nogawa, M. Nordberg and L. Friberg

Physical and chemical properties
Methods and problems of analysis
Production and uses

Environmental levels and exposures
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Daily Cd intake pg/kg per day (JECFA 2003)

Australia 0.15 Italy 0.33
Belgium 0.1 Japan 0.34
Canada 0.22 Netherlands 0.36
China 0.25 Norway 0.14
Czechrep. 0.26 Portugal 0.26
Denmark 0.28 Spain 0.30
Finland 0.16 Sweden 0.13
France 0.22 UK 0.17
Germany 0.18 USA 0.14
Greece 0.84
Source: JECFA/WHO/FAO 21
Ha/kg
(FAO/WHO (JECFA) 2003 )
0.15 0.33
0.1 0.34
0.22 0.36
0.25 0.14
0.26 0.26
0.28 0.30
0.16 0.13
0.22 0.17
0.18 0.14
0.84
- JECFA/WHO/FAO 22




Occupational exposure limits

China 0.01 mg/m3
Japan 0.05 mg/m3
Sweden (total) 0.05 mg/m3

(resp.) 0.01 mg/m?3

USA (ACGIH) 0.01 mg/m3
(resp.)  0.002 mg/m?3
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Cadmium toxicokinetics

* Inhalation. Cd uptake depending on particle
size 10-50%

* Ingestion. Uptake in humans 5% maybe
10 % in women. Up to 20 % in women with
low iron stores.

» Transport and distribution. Via blood bound
to albumin and metallothionein (MT).
Model - Figure
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membrane

Source: 1986, Handbook on the Toxicology of Metals, © Elsevier Ltd. 31

Cd-MI ——f—= Cd-MT

: 1986, Handbook on the Toxicology of Metals, © Elsevier Ltd. 32




Biological half-time

» Muscle, kidney cortex and liver in humans
10-30 years

» Blood, humans 100days and 7-16 years
(Jarup et al 1983)
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Cadmium toxicokinetics

» One compartment model of Cd
accumulation in kindney cortex (Friberg et
al 1974, IPCS 1992)

e Multicompartment (PBTM) model
describing flow of Cd among 8
compartments can relate exposure to
biomonitoring data.
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(Friberg et al 1974, IPCS
1992)
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Source: Nordberg and Kjellstorm, Environmental Health Perspectives, vol. 28, P.211-217
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11 ( Nordberg and Kjellstorm,
1979)

: Nordberg and Kjellstorm, Environmental Health Perspectives, vol. 28, P.211-217
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Biological Monitoring

Biomarkers of exposure and internal dose

» Cd in blood: Reflects both ongoing
exposure and body burden(BB) of Cd.
Reference values

» Cd in Urine. Reflects BB and kidney level

« Cd in Kidney, liver, In vivo Neutron
Activation. Direct measurement of level in
Critical organ (Kidney).
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Biological Monitoring

Biomarkers of Effects

» Biomarkers of kidney effects:
Glomerular: GFR, UAIDb
Tubular: RBP,B2M, ProtHC, NAG A,B
CC16 etc.

» Biomarkers of bone effects: BMD
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Effects and Dose-Response
relationships

» Acute Effects:

* Inhalation: Acute respiratory and general effects
after exposure to >1mg/m3 for 8 h.

* Ingestion: concentrations in beverages of 15 mg/I
cause vomiting
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1mg/m3 8
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50




Chronic cadmium poisoning

» Oral intake in general population groups

* |tai-itai disease in Japan: Jinzu river
basin Toyama Prefecture after WWII.
Osteomalacia, osteoporosis and renal
disease
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Distribution of Itai-itai patients ~ Modified from

(per 1,000 subjects, 1967-1993) Kagamimori and
Naruse,1999

Source: 1999, Kagamimori, Naruse
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FIGURE 3. Cadmium concentration in urine of persons from dif-
ferent areas in Tovama Prefecture. (Modified from Ishizaki, A., J.
Jpn. Med. Soc., 62, 242-248, 1969b.)

Source: Japan Med Soc 63
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Total reported number of Itai-Itai disease
patients and similar Cd related bone diseas in
Japan

» Total No of cases of itai itai disease in Jinzu river
basin: 1967-2004: 188(3)

» Cases diagnosed 1967-1970: 124(3)
» Cases dignosed 2001-2004: 5
» Cases in other areas than Jinzu river basin:17

(No) male case
No female case

1967-2004: 188(3)

1967-1970: 124(3)
2001-2004: 5
J 17




Bone effects in Cd polluted areas in Japan

» Osteomalacia, osteoporosis and tubular
proteinuria in Jinzu river basin (Itai- itai
disease) Hagino etc. In 1970:ies Cd in rice:
up to 1.1 mg/kg

» Osteoporosis and tubular proteinuria in
Kakehashi river basin. Nogawa et al 1978,
Kido et al 1989. In 1970:ies Cd in rice: up
to 0.67 mg/kg
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( ) Hagino
1970 1.1 mg/kg

Nogawa et al 1978, Kido et al 1989 1970
0.67 mg/kg
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114 Cadmium and Health: A Toxicological and Epidemiological Appraisal
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Source: 1986, Handbook on the Toxicology of Metals, © Elsevier Ltd. 73

114 Cadmium and Health: A Toxicological and Epidemiological Appraisal
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Dose-response estimations for Cd

o TKTD modelling based on TK model and
population distribution of critical
concentration in kidney cortex (PCC).

10 percent response rate above background
estimated to occur at intake via food of 200
l1g/day and 50 jag/m3 in industrial air
(WHO/IPCS 1993).
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« TKTD (
) TK(
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(WHO/IPCS 1993)
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Conclusions, DR

* In order to avoid risks of increased B2M values,
urinary Cd below 2.5 jug/g crea are required.
Possibly even lower UCd may be needed
according to recent study, particularly if sensitive
biomarkers of tubular dysfunction like NAG are
considered.

» These values correspond to lower oral intake via
food than the JECFA (2003,2005) PTWI
recommendation of 7jag/kg body weight intake
per week i e 1 jug/kg per day.
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