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Abstract

In 2015 the German Commission for the Investigation of Health Hazards of Chemical Com-
pounds in the Work Area has evaluated iodine [CAS No. 7553-56-2] and inorganic iodides. 
Available publications are described in detail.
There is no reproducible quantitative relation between iodine exposure, absorption and resulting 
body burden. The association between iodine absorption and the incidence of thyroid dysfunc-
tion seems to be U-shaped. Therefore, no sharp boundary can be drawn between iodine oversup-
ply and iodine deficiency relating to individual health. No harmless range could be indicated, so 
a BAT value (biological tolerance value) for iodine and inorganic iodides could not be derived.
There are major regional differences due to different geological deposits of iodine, different con-
centrations of iodine in drinking water, iodine-containing aerosols and nutritional habits. Fur-
thermore, there is a high variability in the urinary analysis. Therefore, a BAR (“Biologischer Ar-
beitsstoff-Referenzwert”) for iodine and inorganic iodides could not be derived.
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Iodine and inorganic iodides

Chemical 
name

Molecular 
formula

CAS 
number

Molecular 
weight

Melting 
point

Vapour 
pressure

Solubility in 
water

[g/mol] [°C] [hPa] [g/l]

Iodine I2 7553-56-2 253.81 114* 0.31  
(at 25 °C)*

0.33*

Potassium 
iodide

KI 7681-11-0 166.00 686* 1.3  
(at 745 °C)*

1430*

Sodium 
iodide

NaI 7681-82-5 149.89 662* 1.3  
(at 767 °C)*

1793*

Ammonium 
iodide

NH4I 12027-06-4 144.94 405* 1.3  
(at 211 °C)*

1542*

Ammonium 
iodate

Magnesium 
iodide

MgI2 10377-58-9 278.11 637* no data 1480*

Calcium 
iodide

CaI2 10102-68-8 293.89 740* no data no data

* cited from Hartwig (2014), translated

BAR (2015) not established

MAK value (2014) not established

Peak limitation –

Absorption through the skin (2013) H

Sensitization –

Carcinogenicity –

Embryotoxicity –

Germ cell mutagenicity –

For iodine and inorganic iodides, a supplement to the MAK documentation is avail-
able, which in turn is based on an IPCS report by the WHO (Hartwig 2014, trans-
lated; WHO 2009).

The following general information on the metabolism and toxicokinetics of iodine 
are based on the data found in the above-mentioned documents.
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1    Metabolism and Toxicokinetics

1.1    Absorption and distribution

Inhaled iodine is rapidly absorbed and almost 100% of it is retained. In contrast, 
dermal absorption is very low (Greim 2006, translated).

After ingestion of organic and inorganic iodide, iodine is almost completely ab-
sorbed through the small intestine. The normal serum level is between 1 and 5 μg/l. 
The thyroid gland is the main storage organ for iodide, although it also accumulates 
in the salivary and mammary glands and in the stomach mucosa. A specific sodi-
um-dependent iodide transporter in the basolateral membrane of the thyroid follic-
ular cells (sodium-iodide symporters) is responsible for active transport into the 
thyroid gland (BfR 2004).

Transport and storage result in a thyroid:serum gradient of 40:1 (Burman and 
Wartofsky 2000). The thyroid-stimulating hormone (TSH) generated by the pitu-
itary gland stimulates the iodide transport (Spitzweg and Heufelder 1999). In the 
thyroid gland, iodide is oxidized by peroxidase and bound to tyrosine, forming 
3-monoiodotyrosine and 3,5-diiodotyrosine (iodination). In the case of iodine defi-
ciency, a relatively greater amount of monoiodotyrosine is formed. The thyroid 
gland hormones thyroxine (T4) and triiodothyronine (T3) are the products of a cou-
pling reaction of two molecules 3,5-diiodotyrosine (T4) or one molecule diiodoty-
rosine and one molecule 3-monoiodotyrosine (T3) (BfR 2004).

1.2    Metabolism and elimination

The iodine content in the body of a healthy adult is estimated to be 10–20 mg. In the 
thyroid gland, which acts as a storage organ, 70% to 80% of the total iodine quantity 
is found. In thyroid glands enlarged as a result of iodine deficiency, iodine contents 
of less than 1 mg were found (BfR 2004).

A part of the iodide is released again by deiodinases from the thyroid gland and 
the other tissues. Some hormone derivatives are excreted via the biliary pathway. 
Some of the iodine becomes thus available again via the enterohepatic circulation. 
Per day, about 20 μg is eliminated with the faeces (11%) and the major portion (89%) 
with the urine (BfR 2004). Absorption and elimination of iodine are in equilibrium 
(Burman and Wartofsky 2000; DeGroot 1966). During nursing, the mammary gland 
stores iodine to a greater extent and passes it on with the milk to supply the new-
born infant. When the supply of iodine is sufficient, the thyroid gland stores no 
more than 10% of the iodine intake. In an iodine deficiency situation, it can amount 
to as much as 80% (Zimmermann 2009).

2    Critical Toxicity

As a component of the thyroid hormones, iodine is an essential element. The daily 
requirement of an adult human is given as 150–200 μg (WHO 2009).

An increased ingestion of iodine can lead to disorders of the thyroid function. 
Possible pathological consequences are hyperthyreosis, autoimmune diseases 
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(Basedow’s disease and Hashimoto’s thyroiditis), but also hypothyreosis and goitre 
(Hartwig 2014, translated; WHO 2009) (see also Section 3.2).

Exposure to very high amounts of iodide aerosols can produce so-called “io-
dinism”, which may be accompanied by symptoms such as swelling of the salivary 
glands, gingivitis, metallic taste, irritation of the conjunctiva, eyelid oedema, iodine 
rhinitis, acneiform skin rashes and irritation of the gastrointestinal tract (Otto et al. 
2002).

Excessively high iodine doses (> 300 mg/day) can induce skin lesions (acneiform 
exanthema (iododerma)) in humans (WHO 2009).

3    Exposure and Effects

3.1    Relationship between external and internal exposure

There are no generalizable data available for inhalation exposure to iodine or inor-
ganic iodides and the resulting blood/plasma levels or urine concentrations. Intake 
of iodine by inhalation, however, increases total elimination (Smyth et al. 2011).

In a study (n = 85) involving inhalation and dermal exposure of workers to potas-
sium iodide aerosols, concentrations of 34–2710 μg iodine/l were measured in the 
blood and 52–48 696 μg iodine/g creatinine in the urine (Otto et al. 2002).

In a study with 117 surgeons and surgical nurses regularly using iodine-containing 
hand scrub solutions and 92 non-exposed control persons, higher concentrations 
were found in the first group (142  μg iodine/l  urine [12–822  μg/l  urine] versus 
89 μg/l urine [10–429 μg/l urine]) (Erdogan et al. 2013).

No other studies on this subject are available. No reproducible quantitative rela-
tionship between iodine exposure or intake and resultant internal exposure can 
therefore be derived.

3.2    Relationship between internal exposure and effects

The association between iodine intake and the presence of functional thyroid disor-
ders results in a U-shaped curve (Laurberg et al. 2010). Therefore, no clear-cut de-
lineation can be made between an oversupply or a deficiency of iodine with regard 
to related effects on individual health. Rather, the starting point for iodine supply is 
just as decisive a factor for the occurrence of iodine-associated disorders as the 
frequency of corresponding genetic predispositions in the affected population.

In populations, in which iodine deficiency has been prevalent for a long time, high 
rates of functional thyroid autonomy are associated with a lower tolerance thresh-
old when the iodine intake is increased. A sudden increase in iodine intake can thus 
lead to iodine-induced thyroid gland dysfunction, without the value recommended 
by the WHO being exceeded. In genetically predisposed persons, the increase in 
iodine intake can produce Hashimoto’s thyroiditis (autoimmune thyroiditis) via an 
increase in thyroid antibodies. The extent of this increase depends on the severity 
of an existing iodine deficiency and the amount of iodine supplementation. A rapid 
increase in iodine intake enhances the observed effects (Andersson et  al. 2010; 
Zimmermann 2009). According to Laurberg et al. (2010), the risk of some iodine-as-
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sociated diseases can, however, be correlated with the iodine intake, assessed from 
the mean iodine urinary excretion (see Table 1).

Table 1	 Association between the iodine intake of the general population and an increase of 
disease risk in the population (from Hartwig 2014, translated; according to Laurberg 
et al. 2010)

Iodine supply Mean urinary iodine 
concentration

[µg/l]

Disease/effect

Severe iodine 
deficiency

< 25 cretinism
goitre

hypothyroidism

Moderate iodine 
deficiency

25–50 low intelligence quotient
goiter

hypothyroidism
hyperthyroidism

Mild iodine 
deficiency

50–100 goitre
hyperthyroidism

Optimal 100–200

Higher than 
adequate

(high normal)

200–300 iodine-induced hyperthyroidism
immune hyperthyroidism (Basedow’s disease)

hypothyroidism
autoimmune thyroiditis (Hashimoto’s 

thyroiditis)

Excessive > 300 iodine-induced hyperthyroidism
immune hyperthyroidism (Basedow’s disease)

hypothyroidism
autoimmune thyroiditis (Hashimoto’s 

thyroiditis)
goitre

thyrotoxicosis

4    Selection of Indicators

In all available studies on iodine intake and elimination, the determination of iodine 
was mostly from spot urine, sometimes from the morning urine, rarely from the 
24-hour urine. In a study on spontaneous urine samples, the analytical values in the 
spot urine correlated poorly with the determined iodine excretion in the 
24-hour urine (Ohira et al. 2008) even after creatinine adjustment. In one study, a 
good correlation between the iodine concentration in the morning urine (mg/l) and 
the iodine concentration in the 24-hour  urine (mg/day  and  mg/l) was observed 
(Nagata et al. 1998).

No relevant publications are available for the concentrations of iodine in serum or 
plasma.
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5    Methods

For the analysis of urinary iodine concentrations various methods are available 
(Moreda-Piñeiro et al. 2011). Some studies use the Sandell-Kolthoff method, which 
is based on a colorimetric measurement of the reduction of Cer(+IV) by As(+III) 
(cerium-arsenite method) catalysed by iodine after acidic or basic digestion 
(Fallouch et al. 2003; Matthes et al. 1973). In other studies methods applying ICP-
MS are used (for example Michalke and Witte 2015), more rarely also direct poten-
tiometric measurement with an iodine-selective electrode.

6    Background Exposure

An overview of more recent studies, in which the iodine background exposure in 
Germany has been investigated, is given in Table 2. Generally valid statements on 
iodine excretion in the general population cannot be made. The individual iodine 
intake is influenced by geogenic iodine occurrence and the associated iodine con-
centration in the drinking water, dietary habits and even the presence of iodine-con-
taining aerosols (Smyth et al. 2011).

Figure 1	 Medians for iodine excretion [μg/l] in various regions of Germany (Hampel et al. 2010)

Abbreviations: MV: Mecklenburg/Vorpommern (Western Pomerania); NRW: North 
Rhine-Westphalia; SH: Schleswig-Holstein
Niedersachsen: Lower Saxony; Sachsen-Anhalt: Saxony-Anhalt; Hessen: Hesse; Thüringen: 
Thuringia; Bayern: Bavaria; Rheinland-Pfalz: Rhinland-Palatinate
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The mean values of the iodine concentrations determined mostly in morning spot 
urine samples were, on a worldwide basis, given in the range of 59 μg/l in New Zea-
land (Thomson et al. 2001) up to 1500 μg/l in Japan (Nagata et al. 1998). In Germa-
ny, there are also considerable regional differences (see Table 2 and Figure 1). A 
general reference value for background exposure to iodine for Germany not be es-
tablished. Regional variation up to 100% must here be taken into account. The table 
does not provide ranges of 95th percentiles, because all studies referenced here only 
report standard deviations of the mean, medians or interquartile ranges.

7    Evaluation

As, from a toxicological view point, no safe range can be given, the derivation of a 
BAT value for iodine is not possible. On account of the great regional differences, 
the derivation of a BAR (“Biologischer Arbeitsstoff-Referenzwert”) is also not pos-
sible. In addition, there is also a high variability in urinalysis. The iodine concentra-
tion in urine permits no reliable statement to be made on the concrete status of the 
iodine supply in an individual. In a study undertaken once a month over one year, 
the iodine concentrations in spot urine varied by a factor of up to 26 times (Ander-
sen et al. 2001, 2008), with variation coefficients of up to 86%, although variance 
could be reduced by creatinine correction and extrapolation to 24-hour urinary ex-
cretion. In a similar study with women from Switzerland, it was estimated that 10 
consecutive spot urine or 24-hour urine samples would be necessary to establish 
the individual iodine status with an only 20% precision (König et  al. 2011). Mil-
horansa et al. (2010) reported partly considerable variations in the 24-hour urinary 
iodine excretion on three different days within a week.

In the light of these uncertainties, a BAR for iodine and inorganic iodides 
cannot be established.

8    Interpretation of Data

A reference range for the iodine concentration in urine would have to be estab-
lished on a regional basis; even within Germany, no uniform reference value can be 
derived.

Iodine intake and excretion correlate closely with each other with food being the 
main source of intake. In the light of the large variability of iodine excretion both 
during a single day and from day to day, no individual assessment of analytical val-
ues can be undertaken. Even if a reference range could be given, no reliable state-
ment as to whether it has been met could be made from a single measurement (spot 
urine or 24-hour urine).
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