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Abstract
This page draws on 20 peer-reviewed studies. The complete citation list is at the bottom of the page.

1  |  Overview

The cited evidence on bismuth consists of 20 papers, and most of them use bismuth as a material rather than 
study it as a contaminant. Seven describe electrochemical sensors in which a bismuth film or bismuth particles 
form part of the electrode used to detect lead, cadmium, nitrite, an antibiotic or glucose 1 2 3 4 5 6 7. Six more 
are energy, catalysis or other materials studies 8 9 10 11 12 13.

The remaining papers concern bismuth as a medicine and an antibacterial. Two clinical studies document oral 
bismuth doses used to treat Helicobacter pylori infection 14 15. Two mouse studies examine bismuth compounds 
as drugs, one for kidney protection and one against H. pylori 16 17. Others test bismuth against aquaculture 
pathogens, as an antibacterial nanomaterial, and as a water-treatment material 18 19 20.

None of the 20 papers measured bismuth in food, so this page cannot describe typical dietary bismuth levels 
or intake.

2  |  Toxicology

The cited evidence contains no human dose-response data for bismuth and no chronic toxicity study. What it 
does contain is short-term animal and clinical information on medicinal bismuth.
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In mice, a single oral dose of 50 mg/kg of the synthetic compound bismuth tetraphenylporphyrinate produced a 
peak plasma bismuth of 16.8 µg/L at one hour, with an estimated plasma half-life of about six hours, and bismuth 
then accumulated in the kidney 16. Given alone, this compound and two other bismuth compounds caused no or 
negligible increase in blood urea nitrogen, a marker of kidney injury, and the synthesized bismuth compounds 
had half-cytotoxic concentrations above 100 µM in two cell types 16. The same study found the compound 
protected mouse kidneys against the cancer drug cisplatin. Its authors state that bismuth reaches its highest 
internal concentrations in the kidney's proximal tubule cells, citing earlier work.

In a five-day mouse study of a bismuth nanoparticle drug, body weights stayed stable and no obvious lesions 
were seen in major organs, but the authors state that tissue accumulation, pharmacokinetics and long-term 
safety still need evaluation 17. Uninfected farmed sole injected with 65 µM bismuth showed no deaths or apparent 
side effects over the observation period 18.

In people treated for H. pylori with a regimen containing 1,048 mg bismuth subsalicylate twice daily plus three 
other drugs, common adverse events included nausea and vomiting, abdominal discomfort, bitter taste and black 
stool 14. In the 14-day arms, nausea and vomiting affected 26 percent of patients on placebo and 6 percent of 
those given a probiotic. These effects cannot be assigned to bismuth, because every patient also received two 
antibiotics and a proton pump inhibitor.

Several papers repeat background claims from earlier literature rather than testing them: that bismuth has low 
toxicity compared with neighboring heavy metals, with rat median lethal doses of about 5 g/kg for bismuth and 
many of its compounds 12, and that excessive intake can lead to tissue accumulation and kidney, liver and 
circulatory problems 20. These statements are reported here as the authors' background, not as findings.

3  |  Typical exposure routes

The route documented in the cited evidence is oral medicine. Patients in a Thai trial took 1,048 mg of bismuth 
subsalicylate twice daily for 7 or 14 days 14, and patients in a Hungarian clinic took bismuth oxide or bismuth 
citrate at 120 mg four times daily 15. Neither study measured bismuth in blood or urine.

Drinking water treatment is a second possible route. In laboratory reactors, metallic bismuth used to remove 
bromate left 10 to 20 µg/L of dissolved bismuth in the treated water, and mechanical stirring increased release 
20. This was a laboratory test, not a survey of water supplies.

Two further routes are proposed but not measured. Bismuth chelated with deferiprone was proposed as an 
antibiotic alternative in fish farming 18, and bismuth nitrate has been used as a reagent to make the flavor 
compound vanillin from curcumin 13. Neither paper measured bismuth left in fish or in the product.

Measured results

STUDY / LOCATION MATERIAL / 

DESIGN

METAL SPECIES VALUE (UNITS 

AND BASIS)

N INTERPRETATION 

/ LIMITATION

20 laboratory Water after 
bromate 
reduction by 
bismuth 
microspheres

Dissolved Bi 10 to 20 µg/L Not stated Laboratory 
reactor; 
per-condition 
values in a 
supplement not 
reviewed
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20 laboratory Same water 
after 
clinoptilolite 
filtration

Dissolved Bi Not detected 
(below 0.3 µg/L)

Not stated Removal 
demonstrated at 
laboratory scale 
only

16 laboratory Mouse plasma 
after one oral 
dose of 50 
mg/kg bismuth 
tetraphenylpor-
phyrinate

Bi from a 
synthetic drug 
compound

Peak 16.8 µg/L at 
1 hour; half-life 
about 6 hours

3 mice per time 
point

Animal 
pharmacokinetics 
of a drug 
candidate, not 
dietary exposure

4  |  Food sources

The cited evidence does not establish bismuth levels in any food. No paper measured bismuth in a food, 
beverage, supplement or feed.

Food appears in these papers only indirectly. Several sensors that use bismuth electrodes were applied to 
foods to measure other substances: lead and cadmium in herbal food supplements 1, cadmium in rice 3, and 
an antibiotic in milk 6. None of these tested whether bismuth from the electrode transfers to the sample. The 
proposed use of bismuth to treat bacterial disease in farmed fish could put bismuth into fish, but the study gave 
bismuth by injection and measured no residues in fish tissue 18.

5  |  Regulatory limits

The cited evidence does not establish any food, water, feed or supplement limit for bismuth. One mouse study 
states that plasma bismuth stayed below a documented safety level of 50 µg/L and an alarm level of 100 µg/L, 
values it cites from earlier clinical literature rather than from a regulator 16. The water-treatment study argues 
that residual bismuth in treated drinking water should be regulated, but cites no existing limit 20.

6  |  Testing

Two methods for measuring bismuth itself appear in the cited papers. Dissolved bismuth in treated water was 
measured by ICP-AES, with water after filtration reported as not detected below 0.3 µg/L 20. Bismuth ion release 
from a nanodrug and intracellular metals in bacteria were measured by ICP-MS 17. Neither paper describes a 
validated method for bismuth in food.

Much more of the cited literature uses bismuth as part of the test for other metals. Bismuth films and particles 
are used as electrode coatings in anodic stripping voltammetry, where several authors chose them as a 
lower-toxicity replacement for mercury electrodes 3 4. Reported detection limits for these bismuth-based 
electrodes were 0.72 ppb for lead and 1.06 ppb for cadmium in herbal supplements 1, 0.05 µg/L for cadmium in 
soil extracts 2, 3.55 µg/L for cadmium in water and rice 3, and 5 and 7 µg/L for lead and cadmium in water 4. For 
a laboratory reviewing results, the presence of bismuth in a method description often refers to the electrode, 
not to the analyte.

7  |  Microbiome effects

Bismuth's antibacterial action is the main microbiome-related theme in the cited evidence. In culture, bismuth(III) 
inhibited many aquaculture pathogens, with minimum inhibitory concentrations from 13 µM to more than 780 µM 
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depending on species and strain, and most strains grew much less at 1.3 to 13 µM 18. Silica spheres coated with 
bismuth nanoparticles completely inhibited H. pylori and had minimum inhibitory concentrations of 74 to 595 
µg/mL against other bacteria 19.

In the gut, the cited evidence is limited to mice and to whole treatment regimens. A polyphenol-coated bismuth 
nanodrug left the fecal bacterial community of infected mice close to that of uninfected mice, while a standard 
quadruple therapy containing bismuth potassium citrate plus two antibiotics and a proton pump inhibitor clearly 
altered it and lowered fecal caproic, acetic and butyric acids 17. The authors attribute probiotic survival to lower 
iron dependence and higher bismuth tolerance than H. pylori; they also report activity against H. pylori biofilms, a 
theme covered more broadly under metals and biofilms. Because the comparison regimen contained antibiotics, 
this study does not show what bismuth alone does to gut bacteria.

In people, adding a probiotic to bismuth-containing H. pylori regimens raised cure rates in a Hungarian clinic 
review 15 and lowered nausea, abdominal discomfort and bitter taste in the 14-day arms of a Thai trial 14. Neither 
study measured the microbiota.

8  |  Vulnerable populations

The cited evidence does not identify populations at higher risk from bismuth. The clinical studies enrolled adults 
treated for H. pylori and reported no subgroup safety analysis 14 15. Kidney accumulation in mice 16 raises a 
question about people with reduced kidney function that the cited papers do not address.

9  |  Mitigation

The only removal method in the cited evidence concerns water. Dissolved bismuth released from bismuth 
microspheres during laboratory water treatment fell from 10 to 20 µg/L to below the 0.3 µg/L reporting threshold 
after filtration through natural clinoptilolite, and the authors suggest that reactor designs that reduce particle 
collisions would lower release in the first place 20. The cited evidence does not establish any method for reducing 
bismuth in food.

10  |  Open questions

• Food sources: no cited paper measured bismuth in any food, beverage, supplement or feed.

• Dietary intake: no estimate of bismuth intake from diet exists in the cited evidence.

• Toxicology: no human dose-response, chronic toxicity or reproductive data; animal data are short-term 
studies of drug compounds.

• Regulatory limits: no food, water or feed limit is established or cited; the plasma safety and alarm levels are 
cited from earlier clinical literature.

• Testing: no validated method for bismuth in food is described.

• Vulnerable populations: not established; kidney accumulation in mice has not been examined in people with 
kidney disease in the cited papers.

• Microbiome effects of bismuth alone, separated from antibiotics, in people or animals.

• Whether bismuth used in fish farming leaves residues in fish flesh.

• Whether bismuth reagents used in making flavor compounds leave residues in the product.

• Whether bismuth-based water-treatment materials release bismuth at full scale.
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• Mitigation for food: not established.

11  |  What remains uncertain

The cited evidence was assembled around the word bismuth, and most of it is about bismuth as a material in 
sensors, batteries and catalysts. These papers say nothing about how much bismuth people take in. The clinical 
and animal studies describe deliberate, short-term medicinal doses, which are far easier to quantify than dietary 
background exposure but tell us little about it.

The toxicology on this page rests on short mouse experiments with synthetic drug compounds, observation of 
injected fish, and a clinical trial in which bismuth was always given with other drugs. The repeated description 
of bismuth as a low-toxicity metal comes from background statements in these papers, not from new evidence 
in them, and the plasma safety and alarm levels are quoted from earlier literature. Until bismuth is measured in 
foods and in people with known dietary patterns, its place among food contaminants cannot be assessed from 
this evidence.
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