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5
Bismuth
Aurora D. Neagoe

5.1

5.2

Introduction

Physical and Chemical Properties, and
Analytical Methods

Bismuth, one of the rarest of elements, was
discovered by miners of Saxonia in the 15th
century. The name of the element bismuth
was coined in the Ore Mountains (eastern
Germany), and then latinized by Georgius
Agricola (Schmutzer 1993). Bismuth was
first described in 1527 by the physician
and alchemist Paracelsius (1493-1541),
and the atomic symbol Bi was proposed by
J. J. Berzelius in 1814. Bismuth occurs less
rarely than mercury, but shows a more frequency of appearance as silver. It is found
in its native form, and also in minerals
such as bismuthite (bismuth sulfide) and
bismite (bismuth oxide). The main use of
bismuth is in pharmaceuticals and in lowmelting point alloys which are used as
fuses (- 4000 tons annually). Occupational
intoxication by these alloys are rare, and in
most instances the adverse effect is caused
by other metals present in the alloys such
as lead and cadmium. Bismuth as a metal
is classed as nontoxic.

Bismuth is a member of Group V of the
Periodic Table of the elements, but typically
has metallic properties and shows some
similarities to lead, arsenic, and antimony
(Emmerling et a1. 1986). The metal has an
atomic weight 208.98, atomic number 83,
density 9.79 gcm-3 (20°C), melting point
271.3 °C, boiling point 1560::1:5°C, hardness (Mohs) 2.5, electron configuration
[Xe]6 s24f45dt06p3, electronegativity 2.02
(Pauling), and radius 155 pm (atomic);
152 pm (covalent); 240 pm (Van der
Waals). Bismuth is the most diamagnetic
of all metals, and its thermal conductivity
is lower than that of any metal except mercury. It has a high electrical resistance, and
has the highest Hall effect of any metal
(i.e., greatest increase in electrical resistance
when placed in a magnetic field).
Pure Bi is a lustrous reddish white metal,
is the heaviest naturally occurring stable element, and is easily malleable. Only one natural isotope (atomic mass 209) is known,
though artificial isotopes are known with
masses between 199 and 215 and half-lives
ranging from 2.15 minutes to 3 million
years. Bi generally shows a valence of 3 +
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but also shows valencies of 5 + , 4 + , and 2 +
in its compounds. The stability of bismuth
solutions under a variety of conditions has
been investigated. Significant losses were
observed after only 24 hours when the pH
value was > 1.5, and hence all solutions
should be maintained at pH ~ 1 (Smith
1973). On solidification (solid state at
289 K with a monoclinic crystal structure),
bismuth expands; this makes it suitable
for the manufacture of sharp castings of
objects which are subject to damage at
high temperatures (Thomas 1991). Bismuth
metal burns in air with a blue flame, forming yellow fumes of the oxide (Bi20rbismite):
4Bi + 302 -+ 2Bi203
~HR = -1148.6kJmol-1
With chlorine, bismuth powder reacts under
warm conditions:
2 Bi + 3 Cl2 -+ 2 BiCl3
~HR = - 758.8kJmol-I
On heating, bismuth reacts also with bromine, iodine, sulfur, selenium, and tellurite,
but it does not react with nitrogen and phosphorus. With sulfuric acid and nitric acid,
bismuth forms salts:

2 Bi + 6 H2S04 -+ Bi2(S04h + 3 S02
+ 6 H20

Tab.5.l:

2 Bi + 6 HN03 -+ 2 Bi(N03h + N02
+ 3 H20
For analytical purposes, bismuth can be
determined without interference by use of
air-acetylene flame atomic absorption spectroscopy (FAAS) (Welz and Sperling 1998,
Ju 2002). The characteristic concentration
at the 222.8 nm resonance
line is
0.2 mg L-I; various other analytical lines
are compiled in Table 5.1. An improved
signal-to-noise (SIN) ratio can be obtained
in the air-hydrogen flame with a limit of
detection (LOD) of - 0.015 mgL-1.
In biological and environmental samples,
bismuth generally occurs at concentrations
too low to be determined using FAAS without prior pre-concentration. In such cases,
bismuth is monitored using either graphite
furnace (GF) AAS or hydride generation
(HG) AAS.
In order to determine Bi by GF AAS
under stabilized temperature platform furnace (STPF) conditions using the Pd-Mg
modifier, a pyrolysis temperature
of
1200°C must be applied (Hiltenkamp and
Werth 1988). The optimum atomization
temperature
under these conditions is
1900°C; the characteristic mass with
Zeeman effect background correction (BC)
is 28 pg, while in a non-Zeeman instrument
it is about 20 pg.
Without a modifier, Bi can be determined
at an optimum atomization temperature of

Bismuth analytical lines. (From Welz and Sperling 1998)

Wavelength

Energy level

Slit width

Characteristic concentration

[nmJ

[I<]

[nmJ

[mgL -'J

222.83
306.77
206.17
227.66

0-44865
0-32588
0-48489
0-43912

0.2
0.7
0.7
0.7

0.2
0.6
1.6
2.7

, Air-acetylene
flames.

flame, oxidizing

(lean, blue). .. With Zeeman-effect

.

Spectral
interferences
Fe [5894]*'
OH [3941r'

Be. ... With Zeemann-effect

BC in
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only 1400°C, with the sensitivity improved
by - 60%.However,this approach is not recommended in practice as the maximum
pyrolysis temperature is only 600°C and
the risk of interference is drastically
increased. In a transversally heated atomizer
the optimum atomization temperature is
1700°C and the characteristic mass with
Zeeman-effect BC is 60 pg. Under STPF
conditions, using the Pd-Mg modifier,
30 g L-1 sulfate and 1 g L-1 NaCl do not interfere with the determination of Bi. Higher
concentrations ofNaCl cause a loss in sensitivity by about 20%, but this does not
increase further up to a NaCl concentration
of 30 g L-1. A spectral interference has been
observed at the 223.1 nm line due to high
iron concentrations, as are found in metallurgical samples (Welz and Sperling 1998).
Barbosa et al. (2001) described a method
for the determination of Bi in whole blood
and urine using ET AAS. The method
used a pyrolytically coated integrated platform tube coated with a tungsten-rhodium
mixture, which acted as a permanent chemical modifier, and this improved the furnace
tube lifetime by 80%. Urine samples were
diluted 1 + 1 (v/v) and blood samples 1 + 4
(v/v) with 1% HN03 Triton X-100. Samples
(20 J.Ll) were injected into the modified
tube with a 10 ilL volume of Rh. Reported
LaDs were 3 f.LgL-1 and 8 f.LgL-1 for urine
and blood, respectively.
Bismuth can also be determined with

tion, and the addition of iron as a buffer
(Welz and Sperling 1998).
Bismuth is one of the elements most
easily determined with anodic stripping voltammetry (Florence 1972) as it can be deposited onto electrodes at potentials at which
most other elements are in solution.
Glassy carbon electrodes coated with films
of mercury, but also of gold, have been
used (Florence 1974). In biological materials
with low concentrations of Bi, interference
from other metals is not to be expected
because of the low levels of most metals in
these materials. Best results are reached
with solutions containing 0.1 M hydrochloric acid, with detection limits in the
range of 1 f.LgL-I(Iffiand 1993).
Together with some other metals such as
Cu, Hg, and Pb, bismuth may be identified
chromatographically as the dithiocarbamate
using reversed-phase liquid chromatography. The chelate is formed in a precolumn
packed with CIs-bonded silica and loaded
with a centrimide-dithiocarbamate ion pair.
The metal complexes are preconcentrated
on the precolumn and eluted with an acetonitrile/water
gradient. The dithiocarbamates are detected with a UV-Visible diode
array detector with a detection limit in the
subnanogram range (Iffiand 1993).
Shu et al. (2002) and Chen et al. (2002) described a method for to determine Bi using
flow injection-hydride generation. Bismuth
hydride gas was collected on-line and determined via a new flow injection-hydride generation collection-flame atomic absorption
spectrometry system. The performance of
the gas-liquid separator, hydride gas collection time, acidity of the sample solution,
NaBH4 concentration, and the effects of concomitant interferents were investigated, and
recoveries of94.7-105.3% for 10 ngmL -1 Bi
were obtained after the addition of 0.2%

excellent sensitivity using HG AAS; the
LaD of 0.03 f.LgL-Iis more than an order
of magnitude better than with GF AAS. Various interferences by transition metals have
been described which may be significant,
especially for the analysis of metallurgical
samples. Measures recommended to eliminate these interferences include the addition
of potassium iodide, 8-hydroxyquinoline,
thiosemicarbazide, or EDTA, performing
ascorbic acid-thiourea masking reagents.
the determination at higher acid concentraThe sensitivity of this new method was one
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order of magnitude higher than the continuous flow-HG-FAA method, with a detection limit of 0.25 ngmL -1 and a precision
of2.3%. The method was evaluated by determining trace bismuth in standard biological
reference material human hair GBW07601,
and the results were consistent with the certified value. The proposed method was then
employed to determine trace bismuth in ten
colored gelatin samples, and recoveries of
94.2-105.8% were obtained.
The main advantage of emission spectrometry is the possibility of determining
several elements
simultaneously.
One
method is the hydride generation of BiH]
in acid solutions by tetrahydroborate
together with other elements of Group 15
of the Periodic Table. The hydrides are carried by argon to the plasma sources of the
spectrometer. Moyano et al. (2001) described a method for the determination of
Bi in urine using flow injection (FI)-HGICp.OES with on-line pre-concentration.
Bismuth was concentrated by complexation
with quinolyn-8-o1 on an Amberlite anion
exchange column and eluted with HNO].
An LOD of 0.02 f.,IgL-1 was reported for Bi
pre-concentrated from a 100 f.Il. sample
volume.
Inductively coupled plasma-mass spectrometry (ICP-MS) is a modem and more
sensitive variation of MS detection of bismuth. Bismuthine is generated in a hydride
generator and swept by argon directly into
the ICP unit. The ions are then introduced
into the mass spectrometer. Optimization
of the mass spectrometer, reagent, and gas
flow parameters leads to a detection limit
of 20 ngL-1 (Ulland 1993). Phillips et al.
(2001) examined the safety aspects of colloidal bismuth subcitrate (CBS) quadruple
therapy for Helicobacterpylori. These authors
used ICP-MS to determine blood Bi levels in
34 patients receiving CBS quadruple therapy, with whole blood Bi levels being deter-

mined before and at 24 hours after treatment. Three patients were within the
"alarm level" for blood Bi of 50-100 f.,IgL-1.
The authors advised that caution should be
exercised in prescribing CBS with gastric
suppression, and that alternative Bi preparations should be investigated.

5.3
Sources, Production, Important Compounds,
Uses, Waste Products, Recycling.
The most important ores for bismuth production are the sulfide ores of lead and
copper, and tin dioxide. The production of
metallic bismuth is linked to lead and
copper refming. Peru, Japan, Mexico, Bolivia, and Canada are major bismuth producers. while much of the bismuth produced in
the United States is obtained as a byproduct
in the refining lead, copper, tin. silver, and
gold ores.
In compounds of bismuth, the most
common oxidation number of bismuth is
3. Some binary compounds
are also
known: with halogens (known as halides
- BiF], BiFs, BiCI], BiBr. Bi12' BiI]). with
oxygen (known as oxides - Bip], BiPs).
and with hydrogen (known as hydrides BiH]). Bismuth hydride (BiH]) is toxic (like
arsenic hydride), but is technically unimpor.
tanto Many organic bismuth compounds are
not known, in contrast to those of arsenic.
Also of technological and toxicological
interest are bismuth sulfide. bismuth oxychloride, and salts of inorganic oxoacids
(carbonate. nitrate, sulfate) and of organic
acids (salicylate, triglycollate. bismuth citrate, gallate. lactate. or campforate). Many
of these salts have a basic form, such as
basic nitrate or subnitrate. Bismuth forms
trialkyls which are unstable in air but
stable and insoluble in water (e.g., trimethylbismuth). Bismuth sodium triglycolla-
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mate is the exception to the rule that bismuthyl salts are practically insoluble in
water. Thiobismuthite
compounds
are
formed by the reaction of Bi with sulfhydryl
groups. In the 5 + oxidation state, bismuth
is a strong oxidizing agent, for example,
NaBi06 or BiFs (KrUger et al. 1985). Bismuth subcitrate forms a colloidal solution

dicitratobismuthate) for some time to treat
stomach upsets, and is currently used in
combination with antibiotics to treat some

stomach ulcers. Bismuth is also used (as bismuth oxide) in hemorrhoid creams such as
Anusol@ and Hemocaneas@, and in
Anusol@ ointment (as bismuth subgallate).
Soluble salts such as bismuth subsalicylate,
with molecules of the formula [Bix(OH)y- sodium triglycollamate and trioglycolate
(C6Hs07)J depending of the acidity on the have been used parenterally to treat infecsolution. Bismuth potassium tartrate and tious diseases (notably syphilis). Bismuth
bismuth sodium tartrate are soluble in salicylate, subcarbonate, subcitrate, subnitrate, glycobiasol and other salts are used
water, but they decompose with time.
Worldwide, about 64.5% of the bismuth
orally, or have been reported for use in the
produced is consumed in United States in treatment of reflux esophagitis (Borkent
low-melting alloys and metallurgical addi- and Beker 1988), gastritis (McNulty et al.
tives, including electronic, photo- and ther1986), indigestion (Hailey and Newsom
1984), diarrhea, and other gastrointestinal
moelectronic applications
(Flower and
disorders. In particular, colloidal bismuth
Vouk 1986, Hocevar et al. 2002), in producsubcitrate (CBS), when given in combination
ing malleable irons, as a thermocouple
material (with the highest known negativ- with antibiotics, is very effective at concentraity), as an oxide catalyst (Cho et al. 2002), tions of 10-16 mg BiL-1 against mucosal
as a catalyst for making acrylic fibers, as Campylobacterpylori. This microorganism is
ceramics (Ng et al. 2002), glasses, and responsible for gastritis in 80 - 90% of
cases, and is an important cofactor for gastric
enamels. Pearlescent pigments in cosmetics
and paints contain bismuth. Bi2Te) is also and duodenal ulcers (Trueb 1989).
Several organometallic compounds of Bi
used as a peltier element (Fowler and Vouk
1986, Thomas et al. 1988, Falbe and Regitz have been used as bactericides and fungicides (Sharma et al. 2003), as well as dusting
1989, Tsalev and Zaprianov 1983). Bismuth
and radioopaque
is used in the preparation and recycling of powders, astringents
uranium nuclear fuel (Thomas 1991), and agents in X-radiographic diagnosis (now
has found application as a carrier for 23SU replaced by barium sulfate). One possible
or 233Ufuel in nuclear reactors. With other
problem for the future is that, if the use of
metals such as tin and cadmium, bismuth
bismuth increases, then difficulties may
arise with regard to waste disposal. Howforms low-melting alloys which are used
extensively for safety devices in fire detec- ever, as bismuth - when applied in such
tion and extinguishing systems. The Merck manner - is easily dissipated, recycling is
Index (Windholz et al. 1983) lists a total of not an important factor. On the other
37 bismuth compounds, 18 of which have hand, substitution of bismuth compounds
pharmaceutical uses. In the United States, is often possible, for instance, in therapeu.
tics by antibiotica and magnesium or alumi46% of the bismuth is used in the pharmaceutical and cosmetics industry, 26% in num oxides, in cosmetics by mica and fishscales, in low-melting point alloys by plastic
engineering, and 27% in various metal
materials, and in additions to steel by seleindustries (Saager 1984). In medical terms,
nium or tellurium (Saager 1984).
bismuth has been used (as tripotassium
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5.4
Distribution in the Environment, in Foods,
and in Living Organisms
Bismuth is one of the rarest of elements,
comprising only an estimated 0.00002% of
the Earth's crust. In general, Bi concentrations in argilous sediments do not exceed
0.5 f,lgg-I, though Bi accumulation in coals
and graphite shales to 5 f,Igg-I have been
reported (Kabata Pendias and Pendias
1992). Bi reveals chalcophilic properties that is, during weathering it is readily oxidized, but when it becomes carbonated
(e.g., as Biz01C03) it is very stable. Hence,
the Bi content of most surface soils is

-

directly inherited from parent rocks. There
is a paucity of information on the Bi content
of soils. Vre et al. (1971) reported the mean
Bi content of arable Scottish soil derived
from different rocks to be 0.25 f,lgg-I
(range: 0.13-0.42 f,lgg-I), while Chattopadhyay and Jervis (1974) reported the range
of Bi in garden soils of Canada to be from
1.33 to 1.52 f,lgg-I. Aubert and Pinta (1977)
reported Bi levels of 10 f,lgg-I in the ferralitic calcareous soils of Madagascar. An
increase of Bi in soil horizons rich in Fe
oxides and organic matter should be
expected, and Bi levels of3 f,lgg-I were identified in sandstone (Fowler and Vouk 1986,
Tsalevand Zaprianov 1983).
The Bi content of plants has not been
studied widely. Shacklette et a1. (1978)
found Bi in only about 15% of Rocky Mountain trees, with levels ranging from 1 to
15 f,lgg-I air weight (AW). Similarly,
Bowen (1987) reported mean Bi concentrations of < 0.02 f,lgg-I dry weight (DW) in
land plants, and 0.06 ppm DW in the
edible parts of vegetables. Erametsa et al.
(1973) found a range of Bi in Lycopodium
sp. from < 1 to 11 ppm DW, with about
60% detectability. Bi is likely to be concentrated at polluted sites due to its high con-

centration in some coals and sewage
sludges. Air concentrations are low in rural
areas (0.1-0.6 ngm-3) in contrast to cities
(1-66 ngm-3), (Fowler and Vouk 1986). In
Ghent, Belgium, 0.12-0.78 ngm-3 was
measured (DeDoncker et a1. 1984). Annually, on a worldwide basis, 14 tons of Bi are
released on the environment as a result of
burning coals, and 190 tons by weathering
(Mueller 1989).
Although bismuth is not detectable in
drinking water, soil solutions, or river
water, it is detectable in sea water at low concentrations (Thomas 1991). At the sea surface and down to a depth of 1000 meters,
concentrations of 0.2-0.1 pmolL-1 (0.000040.00002 f,lgkg-I) are found, while at a depth
of 3000 meters
the concentration
is

-

0.015 pmolL-1 (0.000003 f,lgkg-I). This concentration profile is similar to that of manganese (Bruland 1983). Bismuth was also
detected in both rain water (3.2 ng L-I) and
lake water « 0.15 ngL-1) in the USA (Lee
1982).Bismuth concentrations in individual
dietary samples have not been reported. A
number of studies (e.g., Wolnik et al. 1981,
Hahn et a1. 1982) certified by the U.S.
National Bureau of Standards have included
analyses of rice flour, wheat flours, spinach
and orchard leaves. and have reported Bi
levels at < 80 f,lgkg-I. Similar values were
also reported for com, potatoes and soybeans.
Bismuth levels in land animals were generally below 4-20 f,lgkg-I, and in marine
animals and mammalian blood were considerably lower « 40 to 300 f,lgkg-I DWand
10 f,lgkg-I, respectively) (Fowler and Vouk
1986, Thomas et a1. 1988, Thomas 1991).
In man, small amounts of bismuth are
excreted in the urine, indicating some gastrointestinal absorption, and small amounts
are also detected in the blood (see Table 5.2)
(Thomas 1991).

...

5.5 Uptake, Absorption, Transport and Distribution, Metabolism
Tab. 5.2: Bismuth concentrations

in the blood and

urine of normal humans

Sample No. of samples Concentration'
Blood
Urine

.

67
64

Values are mean::l:

0.01 ::I:0.009 flIIlol L-1
0.06 ::I:0.14 flIIlol per day
SD (Thomas

1991).

5.5
Uptake, Absorption, Transport and
Distribution, Metabolism and Elimination in
Plant, Animals, and Humans
Although metallic bismuth is used in industry in different alloys, occupational intoxications by these alloys are rare and, in most
instances, are caused by the presence of
other metals such as lead or cadmium. In
this respect, it might be concluded that bismuth toxicity in an industrial setting is nonexistent (Fowler and Youk 1986).
An important source of exposure to bismuth for a specific segment of the population is the therapeutic use of bismuth compounds, mostly as injections or long-lasting
remedies. In recent years, bismuth compounds have been used as therapies and
have been well tolerated (Hiland 1993,
Pardi et al. 2002, Alizadeh-Naeeni et al.
2002, Olafsoons et al. 2002); cosmetics
remain a source of bismuth compounds
for specific groups of the population.
Bismuth is not considered to be an essential element for plants and animals. Bi was
found in low concentrations in marine animals (40-300 mgkg-1; molluscs may contain more - Bowen 1979) and in land
plants (60 mgkg-1) but it has a lesser
extend in land animals
(4 mgkg-1)
(Thomas 1991).
Bismuth compounds are considered to be
slightly to moderately absorbed via the respiratory and gastrointestinal tracts, depending
on their solubility; between 0.027 and 0.20%

and Elimination in Plant, Animals, and 1677

of an administered Bi dose may be absorbed
(Thomas et al. 1988). Gastrointestinal
absorption of bismuth subnitrate has been
reported to increase with concomitant
administration of sulfhydryl compounds.
Pre-absorption between the cells of the gastrointestinal tract has been regarded as
absorption enhanced by promotory substances, or absorption in ionic form (Serfontein
and Mekel 1979). Although, in humans,
intestinal absorption is limited by the poor
solubility of bismuth and its propensity to
form insoluble oxychloride salts, some
degree of absorption must occur in order
to produce measurable Bi concentrations
in the blood and urine (Table 5.2).
Bismuth absorption through the skin is of
interest in relation to the use of its compounds in oil-based cosmetics. Toxic symptoms have been reported (Kriiger et al.
1976), but normally these are minimal.
The efficacy of intramuscular injections of
bismuth depends on the solubility of the
compounds in both body water and tissues.
Water-soluble compounds are readily absorbed within 24-48 hours (Prino and
Klantschnigg 1960); hence, bismuth thioglycollate, which is both water- and tissuesoluble, is rapidly absorbed. Oil suspensions
of insoluble bismuth compounds are often
precipitated locally, and this may cause a foreign body reaction and/or abscess formation, though the same effect can occur
with water-soluble compounds.
The body burden of bismuth is very low;
the daily oral intake of Bi, combined with
inhalational intake, is estimated at 5 20 J.Ig(Tsalev and Zaprianov 1983). Bismuth
is one of the trace elements present in tissues, with relatively high levels being
found in the nucleus ruber (Leonov 1956).
Following its absorption, bismuth is found
in all tissues, though no relationship
between tissue concentration and therapeutic effect has yet been established. It is
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unclear how the biological activity of an element is maintained when it is "stored" in
the tissues; an example is bismuth deposition in the metaphyses of bones of young
children,
apparently without affecting
normal bone growth (Goodmann and
Gilman 1965, Gaucher et al. 1979). Following the oral administration of bismuth, the
highest tissue levels are found in the kidneys (as inclusions in the epithelium of
the proximal renal tubules), followed by
the liver, brain, spleen, small intestine,
colon, and lung. Further deposits were
found in the enterocytes of the duodenum
and proximal jejunum (Zidenberg-Cherr
et a1.1987). There appears to be no correlation between the storage of Bi in tissues
and biliary excretion. Levels in the intravasal
compartment or urinary excretion depend
on the type of Bi compounds; its preparation as powder, liquid, or tablet its solubility;
and the amount ingested (Thomas et al.
1983).
There exist no reliable criteria to define Bi
absorption, but possible criteria are blood
and plasma levels or daily urinary excretion.
Blood levels of Bi > 300 f.IgL-I are diminished by hemodialysis in vitro, and this
may be explained by there being two different forms of bismuth, namely soluble and
bound (Allain 1976). Monitoring ofBi treatments should also include the determination of Bi in whole blood as well as in
plasma (Rao and Feldman 1990). Bismuth
administered subcutaneously to rats as
BiCI) is deposited in the kidneys, which
were found to contain > 50% of the "accessible poor' of bismuth. Retention in the kidneys was diminished, while levels in liver
and 12 other tissues were augmented (Jadwiga et al. 1979).
The intraperitoneal administration of tripotassium-dicitrato bismuthate (TBD) to
rats produced considerable amounts of bismuth in the blood, after both acute and sub-

chronic treatment. In both cases, blood
levels of Bi corresponded to measurable
levels in the brain; this indicated that bismuth

is able to cross the blood

- brain

bar-

rier, with cerebral Bi levels reaching approximately 10- 30% of blood levels. Under such
treatment conditions, the animals appeared
healthy and did not show any obvious signs
of neurotoxicity.
Acute parenteral administration of higher
doses ofTBD (e.g., 328 mgkg-I, equivalent
to 100 mgkg-I Bi20)) appears to induce
signs of neurotoxicity which manifest as
convulsive seizures
(Abbracchio et al.
1985). At 2 hours after injection of bismuth
citrate and sodium bismuth thioglycollate to
dogs and rabbits, about 3- 5% of the dose
was found in the kidneys, 6-10% in the
liver, and 0.4% in the lungs. Within
24 hours, the relative concentration in the
kidneys was increased to 7 -12%, but in
the liver was decreased to 1-4%. Within
one week, Bi concentrations in the kidneys
and liver were reduced to 2.5%. After 45 weeks, the concentration in liver has
risen again (1%) compared with the kidneys
(0.45%). Oral intubation of TBD to rats for
14 months produced highest tissue concentrations in the kidneys. Similar results
have been obtained in the kidneys of dogs
and rats, wherein the highest visceral concentrations of bismuth were found after
3 or 6 months, respectively. In rats, the
cecum also showed extensive bismuth accumulation (Fowler and Vouk 1986).
Rates of bismuth excretion after intramuscular injection into rabbits were monitored for 13 different bismuth compounds,
and water-soluble compounds were seen to
be excreted more rapidly than those suspended or dissolved in oil. Excretion of bismuth during 4 days ranged from 82.2% of
the dose for an aqueous solution of bismuth
thioglycollate to 1.9% for an oil suspension
of bismuth oleate, though excretion contin-
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ued for least 36 days in both cases. The
retention of bismuth in the kidney was
short-lived, and by day 17 after injection
almost 95% of the dose had been excreted
(Fowler and Vouk 1986).
Protein binding of bismuth may be seen
as a detoxification process and also as a
mechanism of metabolism (Fowler and
Vouk 1986, Thomas et aI. 1988). Nuclear
inclusion bodies of bismuth were found
within the proximal tubule cells of the kidneys in animal models by energy-dispersive
X-ray microanalysis (Fowler and Goyer
1975). Bi is bound in the nucleus to nonhistone proteins and released with time
(Fowler and Goyer 1975). High concentrations of bismuth lead to changes of the mitochondrial membranes
and activities of
enzymes with functional sulfhydryl groups
in the liver and renal proximal tubule cells
(Woods and Fowler 1987), and this may
explain the hepatic and renal toxicity effects
of bismuth (HIland 1993). These findings
have been confirmed with radiotracer measurements in animal models (ZidenbergCherr 1987). Bi induces the formation of
low molecular-weight metal-binding protein
similar to metallothioneins in the kidneys
and, to a lower extent, in liver for the binding of most intracellular

Tab. 5.3: Blood concentrations,

Bi (Slikkerveer
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and de Wolff 1989). The excretion of bismuth is rather rapid, and is dependent
upon the speed of absorption, with most of
the metal being excreted in the urine
within 24 hours of administration (Prino
and Klantschnigg 1960). Studies in patients
receiving Bi subgallate, Bi subcitrate or colloidal CBS by the oral route showed significant urinary excretion of Bi (Table 5.3), suggesting that this is the main route of elimination of absorbed bismuth. The daily elimination of bismuth in untreated people has
been estimated at 12 J.1g(Mueller 1989),
including 2.9 J.1g excreted via the urine
(Gavey et al. 1989). The elimination of bismuth via the biliary/fecal route is only half
of that via the urine (Fowler and Vouk 1986).
Bismuth
ingested
from therapeutic
agents is mainly eliminated in the feces as
bismuth sulfide. In general, 10-20% is
excreted within 5 days, but elimination is
still incomplete after 10 days (Iffland
1993). Overall, 99% of ingested bismuth
may be eliminated in this way (Fowler and
Vouk 1986, Mueller 1989). In cases of encephalopathy, with remarkably high urine and
blood levels (2000 and 1500 J.1gL-1, respectively), the half-lives of bismuth were calculated for urine (4.5 days) and blood
(5.2 days) (Iffland 1993). Cerebrospinalis

urinary excretion and renal clearance of bismuth

and in those with "neurotoxicity"

after ingestion

of bismuth

in asymptomatic

patients

salts

Blood concentration

Urinary excretion

Renal clearance

implicated

[pmol L-IJ

[pmolL -IJ

{mLmin-IJ

Asymptomatic
Bismuth subgallate'
Bismuth subnitrate b

0.18:i: 0.11 (10)
0.17:i: 0.10 (9)

1.61 :i: 1.74 (10)

0.05 :i: 0.03 (8)

1.20 :i: 0.61 (8)

Clinical

Bismuth

state and salt

subcitrate'

0.97 :i: 0.61 (9)

6.2
4.0<
16.7

Neurotoxic
Bismuth subgallate'
Bismuth subnitrateb
, Values are mean:i:
only. Values

1.00 :i: 0.93 (8)

1.52 :i: 0.72 (8)

1.1

4.27 :i: 3.39 (93)

7.74:i: 10.90 (21)

1.3<

SD (from Thomas

in parentheses

indicate

et al. 1977). b Mean:i:

numbers

of patients.

range, various literature

sources.

<

Estimate
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liquor levels decreased more slowly, with a
half-life of 15.9 days (Allain 1976).
The elimination kinetics of bismuth have
been described as a three-compartment
model with half-lives of 3.5 minutes,
0.25 hour, and 3.2 hours (Slikkerveer and
de Wolff 1989). Biological half-times in
human have also been reported: whole
body retention 5 days, kidney 6 days, liver
15 days, spleen 10 days, and bone 13.3 days
(IRCP 1960, Fowler and Wouk 1986).

5.6
Effects on Plants, Animals and Humans

The form in which Bi is ingested is important, and indicates the tenuous nature of
proposed safe and toxic values for concentrations of bismuth in blood. For pharmaceutical use of Bi-containing compounds, the
lower limit of Bi toxicity in blood has been
proposed at 0.48 JJgL-1. Patients who had
been ingesting bismuth subgallate but not
showing any toxic symptoms, had a mean
blood
bismuth
concentration
of
0.18 J.UIloIL-1,with an overall range of 0.10
to 0.48 J.UIloiL-I (Thomas et al. 1977).
Except for one patient, all values were
< 0.24 J.UIlolL-I. Leonhardt and Klotz
(1991) identified blood lower levels in treatments with Bi subgallate/nitrate (plasma
level ~ 60 JJgL-I), Bi subsalicylate (plasma
levels < 6 JJgL-I) (Raedesch et al. 1990,
Nwokolo et al. 1990), or Bi subnitrate
« 30 JJgL-1) (Conso etal. 1975). Bismuth
subcitrate, in different forms, is the most
extensively studied bismuth compound.
"Alarm' levels can be exceeded for a short
time after investigation, without toxic consequences (Nwokolo et al. 1990, Raedesch
et al. 1990, Nwokolo et al. 1990). At
2 hours after a single dose of 108 mg Bi as
colloidal subcitrate, plasma levels in two volunteers were measured as 1.62 and

24.7 JJgL-I (Versieck et al. 1992), while
steady-state plasma levels after treatment
for 4-8 weeks ranged between 3 and
58JJgL-1 (Serfontein 1979). Urine levels
were significantly increased at the end of
treatment,
from
100-130 JJgL-I
to
530 JJgL-1 (Nwokolo etal. 1990). Bowen
(1979) reported that 160 mg Bi per day was
lethal to rats. The oral LDso for bismuth
was 20 gkg-I for rats and 484 mgkg-I for
rabbits (KrUger et al. 1985). The lowest published oral lethal dose for humans was
221 mgkg-I (KrUger et al. 1985).
Bismuth appears to have an adverse effect
an microorganisms by interfering with their
growth, and this is most likely the basis of
oral pharmaceutical preparations containing bismuth to treat various gastrointestinal
disorders, including reduction of fecal odor
in patients with colostomies (Burns et al.
1974) and treatment
of peptic ulcer
(McNulty et al. 1986).
Different Bi complexes may be expected
to affect different tissues, and in general a
specific "dangerous" or "toxic" level may be
expected to be associated with each individual compound. A variety of toxic effects
have been described in man after intramuscular injection of soluble Bi compounds
(Heyman 1944). With large doses, or with
smaller doses repeated over longer periods
of time, toxic effects involved the kidney,
liver, and skin, as well as epithelial surfaces
in intimate contact with body fluids. One of
the most common toxic effects was that of
renal tubular damage, extending in some
cases to acute tubular necrosis (Urizar and
Vernier 1966, Randal et al. 1972). Epithelial
damage and tissue necrosis indicate a predilection for bismuth accumulation at sites of
fluid and electrolyte transport. The similarity with toxic effects of lead are striking,
with the notable exceptions of peripheral
neuropathy and encephalopathy associated
with lead toxicity. There appears to be lim-

,
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ited penetration of the "blood-brain barrier" when bismuth is administered parenterally. Mainly bismuth subnitrate, but also
other salts such as subsalicylate, subcarbonate, or sub silicate, were ingested in amounts
between 5 and 20 g daily over periods of
years before the disease was attributed to
bismuth (Iffland 1993). Not all subjects
ingesting Bi subgallate or Bi subnitrate
develop "neurotoxicity", but blood levels in
patients who had been ingesting Bi subnitrate and. exhibiting "neurotoxicity" were
generally higher (see Table 5.3). Wide differences in bismuth blood levels (72 to
2360 JlgL-1) were reported by several investigating groups (Allain et al. 1976, Buge
et al. 1977, Martin-Boyer et al. 1978, Indekeu and Laterre 1978, Aimez et al. 1975,
Bes et al. 1976, Escourolle et al. 1977).
There appears to be no relationship between
blood level, age, duration, and the amount of
Bi ingested and the severity of clinical symptoms. Both cerebrospinal fluid levels (10100 JlgL-1) (Chaleil and Allain 1980, Indekeu and Laterre 1978, Buge et al. 1977, Bes
et al. 1976, Emile et al. 1981) and urinary
levels (200-9600 JlgL-1) were also significantly increased (Chaleil and Allain 1980).
The application of trimethyl and triethylbismuth to the skin of rats and rabbits has been
reported to produce intense inflammation
and edema; localized necrosis at the injection sites was also observed. Acute local
effects of inhalation of trimethylbismuth
by rats, cats and dogs included pulmonary
edema, while eye irritation was observed
after inhalational exposure to alkyl-bismuth
(Fowler and Vouk 1986). Kidney damage
was produced in rats by single intramuscular injections (0.03 to 1.5 gkg-1) of 13 different bismuth
compounds;
histological
examination of 104 rats showed that 36 or
37 animals which died before 21 days had
nephritis of varying degrees of severity, as
had 11 of the 67 surviving rats. The proximal

tubules constituted the most markedly
affected site of bismuth toxicity. Immediately following inhalation exposure to trimethylbismuth (10-20 minutes, concentration
not stated), cats and dogs showed ataxia,
restlessness, and convulsive seizures, while
between attacks the animals were clearly
depressed. Disturbances in conditioned
reflexes occurred in rats and rabbits treated
with potassium bismuthate. The blood pressure of dogs given hypodermic or intramuscular injections of trimethylbismuth (four
doses, 350 mgkg-1 body weight) fell progressively to shock level, without any significant change in heart rate, arrhythmia or
heart block (Fowler and Vouk 1986).
A conspicuous feature of Bi toxicity in
man is the apparent complete reversibility
of the condition which occurs on cessation
of administration of a bismuth-containing
drug. Recorded fatalities occurred mostly
in children (a prominent feature of bismuth
nephropathy) (Gryboski and Gotoff 1961),
and in many cases were due to the fact
that the cause of the condition was recognized too late. Deaths of children occurred
within 2-5 days after the use of suppositories containing the bismuth salt of heptadiencarboxylic acid (Weinstein 1947). Likewise, in a 45-year-old man with acquired
immunodeficiency syndrome was hospitalized for dehydration and water diarrhea,
the only successful treatment was with bismuth subsalicylate solution (lffland 1993).
The daily oral doses ranged from 5.2 to
4.9 g, but after 7 days the patient showed
symptoms of heavy Bi encephalopathy, and
died 3 days later. The post-mortem Bi
blood level was 200 JlgL-1 (Mendelowitz
et al. 1990). Bi levels were seen to be
extremely high in different regions of the
brain in cases of encephalopathy, with
means of 6-10 gkg-1 wet weight (Bes
et al. 1976, Escourole et al. 1977) or 1254 mgkg-1 dry weight (Liessens et al. 1978).
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The application of trimethylbismuth to
intact human skin produced no marked
effect, but intensive irritation was noted if
the skin had been scratched. Irritation of
the upper respiratory airways and of the
eye were also observed (Sollman and Seifter
1939). Although the toxic effects of bismuth
depend on the route of administration, systemic involvement may became very serious. Intramuscular injection may cause
pain, foreign body reaction (to precipitated
Bi), and rarely abscess formation. Oral
administration may cause swelling of the
mucosa, vesiculation of the tongue and
mucosa, and pigmentation. The symptomatology of systemic bismuth intoxication is
similar to those of lead and mercury.
Increased salivation is usually one of the
first symptoms (Moeschlin 1959). The typical "bismuth line" develops as a bluish discoloration of the gums caused by deposition
of Bi sulfide in the fibrous tissue, and pyorrhea might occur with subsequent loss of
the teeth. Generalized permanent discoloration of the skin has been described as a rare
incidence (Plisek et al. 1970). Ulcerative stomatitis and/or colitis with bloody diarrhea
are serious, but rare, complications. The
major toxic manifestations are seen in the
kidneys, with renal lesions perhaps progressing to severe nephrosis with resultant
renal failure and death. Other toxic manifestations
include
hepatic
degeneration,
peripheral neuritis, and bone lesions,
which in adults include osteoporosis and
osteomalacia. The highly characteristic and
reversible form of encephalopathy, after
ingestion of bismuth subgallate and bismuth subnitrate and other salts, manifests
through typical symptoms: confusion, hallucinations, concentration incapacity, tremulousness, inability to walk, clumsiness,
myoclonus, bone features, and ataxia. In
the severe cases, coma, epilepsy and death
eventually occurred (Hiland 1993). Some

cases of intoxication were also reported
with bismuth subcitrate (Playford et al.
1990). Renal damage is a prominent feature
of the toxicity syndrome in man of bismuth
triglycollamate, and possibly hepatotoxic
effects with bismuth subgallate (Serfontein
and MekeI1979).
With large bismuth doses, or with smaller
doses repeated over a long period of time,
toxic effects involved the kidney, liver, skin,
and epithelial surfaces in intimate contact
with body fluids. Subjects complained of
anorexia, nausea, vomiting, colicky abdominal pain and diarrhea. Cervicovaginitis associated with vaginal pigmentation occurred
in females. An exfoliative dermatitis has
also been described (Friedman et al. 2002),
and nephrotic syndrome has been recorded.
Jaundice and various bleeding disorders
have been described, with multifocal hepatic
necrosis as their most likely origin. The only
central nervous system effect observed in
this "epithelial-cutaneous" form of toxicity.
was that of headache. There was no evidence
of carcinogenicity, mutagenicity, and/or teratogenicity of bismuth compounds (KrUger
et al. 1985).
According to Arena (1974), dimercaprol
(British Anti-Lewisite; BAL) and D-penicillamine are either questionable (Slikkerveer
and de Wolff 1989, Nwokolo and Pounder
1990, Goule et al. 1975) or contradictory
(Liessens et al. 1978) in the treatment ofbismuth toxicity. In severe bismuth poisonings, BAL and 2,2-dimercaptolpropane-1sulfonate (DMPS) seemed to be successful
(Molina et al. 1979, Playford et al. 1990).
Other methods used have included the
administration of atropine and meperidine
to relieve gastrointestinal discomfort. Caution is required in fluid administration
during anuric and oliguric phases of nephrosis, but loss of fluid and electrolytes
should be covered in the subsequent diuric
phase
(Karlitz and Freedman
1951).
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Basinger et al. (1983) reported comparative
studies on nine chelating agents with
regard to bismuth toxicity. The use of chelating agents was proposed to antagonize the
toxicity of bismuth.
At present, the ecotoxicological properties
of Bi are not known, the main reason being
the low concentration of the element in the
environment (HIland 1993). One problem
may be foreseen in the increased Bi content
in the vicinity of purification plants where
bismuth salts are prepared for use in therapeutics (Mueller 1989).

5.7
Hazard Evaluation and Limiting
Concentrations
Few data are available on the safety limits of
exposure to metallic bismuth or any of its
compounds (Thomas 1991), and the MAK
Report XXIV (1988) does not list bismuth
compounds. A threshold limit value (TLV)
of 5 mgm-3 was set for bismuth telluride
by the American Conference of Governmental Industrial Hygienists in 1971 (Plunkett
1987). Blood concentrations of Bi in asymptomatic subjects were well below the currently
stated
upper
safe limit
of

0.24 /illlolL-I

(50 IJgL-I) (see Table5.3).

Other authors reported blood levels of
-1IJgL-1
(Lee 1981), <3IJgL-1 (Bruce
and Vouk 1986), 1-9IJgL-1 (Dekker et al.
1986); and in serum, levels of 4.2 IJgL-I (Iffland 1993), - 2 /lgL-I (Nwokolo et al. 1990),
< 0.5 IJgL-I (Raedesch et al. 1990), and
< 11JgL-1 (range 1-8IJgL-1)
(Nwokolo
et al. 1991). The highest mean concentration in healthy human tissue (400/lgkg-1
wet weight) was found in the kidney, fol-

lowed by bone

«

200 IJgkg-I). The brain,

lung, and lymph nodes contained Bi in concentrations from 10 to 40 IJgkg-I, while concentrations ranging from 2 to 8lJgkg-1 were

found in the testis, muscle, liver, and basal
ganglia. All forms of bismuth should be
withheld when blood bismuth concentrations are > 100 IJgL-I. Those individuals
in whom blood levels lie between 50 and
100 IJgL-I should
(Thomas 1991).

be carefully reviewed
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