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sulfite (E 221), sodium bisulfite (E 222), sodium metabisulfite (E 223), 
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ABSTRACT 

The EFSA Panel on Food Additives and Nutrient Sources added to Food (ANS) was asked to deliver a scientific 
opinion re-evaluating sulfur dioxide (E 220), sodium sulfite (E 221), sodium bisulfite (E 222), sodium 
metabisulfite (E 223), potassium metabisulfite (E 224), calcium sulfite (E 226), calcium bisulfite (E 227) and 
potassium bisulfite (E 228) when used as food additives. The Panel noted that sulfur dioxide, bisulfite and sulfite 
ions existed in a series of equilibria and that these would favour bisulfite ions at the pH of the stomach and 
sulfite ions at physiological pHs. Therefore, it was considered that once ingested, based on their capacity to form 
sulfite ions, read across between the different sulfite sources is possible; however, the Panel noted the 
uncertainties about the reactivity of sulfites in different foods and the resulting reaction products. The overall 
limited database did not indicate any concern for genotoxicity and did not report any effect in the available 
chronic, carcinogenicity and reprotoxicity studies after oral exposure in the diet, by gavage, or in the drinking 
water. A no observed adverse effect level (NOAEL) of 70 mg SO2 equivalent/kg body weight (bw) per day was 
identified from a long-term toxicity study in rats. However, the Panel noted several uncertainties and limitations 
in the database and concluded that the current group acceptable daily intake (ADI) of 0.7 mg SO2 equivalent/kg 
bw per day (derived using a default uncertainty factor) would remain adequate but should be considered 
temporary while the database was improved. The Panel recommended that the database and the temporary group 
ADI should be re-evaluated and noted that the recommended studies could require 5 years for completion. The 
Panel further concluded that exposure estimates to sulfur dioxide and sulfites were higher than the group ADI of 
0.7 mg SO2 equivalent/kg bw per day for all population groups.  
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SUMMARY 

Following a request from the European Commission to the European Food Safety Authority (EFSA), 
the Scientific Panel on Food Additives and Nutrient Sources added to Food (ANS) was asked to 
deliver a scientific opinion re-evaluating the safety of: sulfur dioxide (E 220), sodium sulfite (E 221), 
sodium bisulfite (E 222), sodium metabisulfite (E 223), potassium metabisulfite (E 224), calcium 
sulfite (E 226), calcium bisulfite (E 227) and potassium bisulfite (E 228). The term ‘sulfites’ will be 
used throughout this document whenever all these substances are referred to as a group. 

Sulfur dioxide and sulfites are authorised as food additives in the European Union (EU) in accordance 
with Annex II and Annex III to Regulation (EC) No 1333/2008. In 1986, the Joint FAO/WHO Expert 
Committee on Food Additives (JECFA) allocated a group acceptable daily intake (ADI) of 0–0.7 mg 
SO2 equivalent/kg body weight (bw) per day for sulfur dioxide and sulfites. In 1994, the Scientific 
Committee on Food (SCF) similarly allocated a group ADI of 0–0.7 mg SO2 equivalent/kg bw per day 
based on pigs and rats studies. The group ADI allocated by JECFA and the SCF has in both cases been 
determined mainly based on irritating local effects and set under the assumption that results from all 
sulfiting substances can be compared when taking into consideration the amount of SO2 being the 
theoretical result of dosing.  

The Panel noted that endogenous sulfites can be generated as a consequence of the body's normal 
processing of sulfur-containing amino acids and that sulfites may occur as a consequence of 
fermentation and are naturally present in a number of foods and beverages. 

Knowledge on the toxicokinetics of sulfites is primarily based on old data. Sulfites used in foods may 
be partially liberated as sulfur dioxide both during and after ingestion and the sulfur dioxide inhaled 
and absorbed through the lungs as sulfite. Sulfite is converted to sulfate, primarily in the liver, by the 
enzyme sulfite oxidase (SOX). The Panel noted that the activity of this enzyme is lower (10–20 times) 
in the human liver compared to the rat and that this was the rationale for using rats with a SOX-
deficient activity in some toxicity studies. Other studies showed that an alternative pathway of the 
metabolism of sulfites exists, so that intermediate formation of sulfur trioxide radicals may occur. The 
Panel noted the absence of specific absorption, distribution, metabolism and excretion (ADME) 
studies measuring reaction products from the different sulfites. Furthermore, the Panel noted that it 
was not possible to ascertain the relative contribution of the differing pathways of sulfite metabolism 
at realistic levels. 

Short-term toxicity studies in SOX-competent or -deficient rats indicated a no observed adverse effect 
level (NOAEL) of 70 mg SO2 equivalent/kg bw per day. The critical effect was gastric lesions. In 
subchronic studies in pigs, a NOAEL of 72 mg SO2 equivalent/kg bw per day was identified, and 
higher levels caused mucosal lesions in the stomach and the first part of the large intestine. 

Based on the available genotoxicity data, the Panel considered that the use of sulfur dioxide and 
sulfites (sodium sulfite, sodium bisulfite, sodium metabisulfite, potassium metabisulfite, potassium 
bisulfite, calcium sulfite and calcium bisulfite) as food additives did not raise a concern with respect to 
genotoxicity. 

Only old long-term studies, restricted to sodium and potassium bisulfites, were available. No 
carcinogenic potential was detected in these studies and a NOAEL of 70 mg SO2 equivalent/kg bw per 
day was identified. The Panel noted that a possible tumour promoting activity of sulfites in the pylorus 
of the glandular stomach was reported in two initiation–promotion studies in rats, which may be 
related to hyperplasia of the fundic glands induced by sodium metabisulfite. 

The available two- and four-generation toxicity studies in rats with potassium sulfite were poorly 
reported, they did not meet the current requirements for end points tested and the doses used were low. 
Therefore, they were of limited use for this evaluation. Potassium sulfite has also been tested for 
induction of malformations in offspring in rats and mice with no apparent effects. In addition, sodium 
metabisulfite and sodium bisulfite have been tested in rats, mice and hamsters with no apparent effects 
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when dams were dosed during organogenesis with doses up to 262 mg SO2 equivalent/kg bw per day 
for 10 days. The Panel noted that studies on reproductive and developmental toxicity were lacking for 
calcium sulfite, calcium bisulfite and potassium bisulfite. 

Sulfite sensitivity occurs mostly in asthmatics and may occur in a small number of non-asthmatic 
individuals. Numerous studies confirm that sensitivity to sulfites is prevalent and, after oral intake, 
may present as asthmatic attacks in people suffering from asthma, but also as urticaria and 
angiooedema in other individuals. Most sulfite sensitivities are not true allergic reactions and the 
mechanisms of sulfite intolerance are unclear and likely due to various biological reactions, depending 
on the individual genetic background. The Panel considered that the minimal dose able to elicit a 
reaction is variable and dependent upon the individual physiological characteristics. 

To assess the dietary exposure to sulfur dioxide–sulfites (E 220–228) from their use as food additives, 
the exposure was calculated based on (1) the maximum permitted levels set out in the EU legislation 
(defined as the regulatory maximum level exposure assessment scenario) and (2) usage or analytical 
data (defined as the refined exposure assessment scenario). 

Considering all the analytical data received, the Panel decided to assess the refined exposure to sulfur 
dioxide–sulfites (E 220–228) considering two sets of concentration data: a) reported use levels and 
analytical results (not exceeding the MPLs) for food categories for which direct addition of sulfur 
dioxide–sulfites (E 220–228) is authorised, according to Annex II to Regulation (EC) No 1333/2008 
and Annex IB to Regulation (EC) No 606/2009; and b) in addition to the previous dataset, the 
available analytical data for foods categories which may contain sulfur dioxide–sulfites (E 220–228) 
due to carry-over and for food categories for which the direct addition of sulfur dioxide–sulfites 
(E 220–228) is not authorised and whose presence cannot be explained via carry-over. 

The Panel noted the following uncertainties as regards their chemistry and fate: 

 Differences in stability and reactivity of sulfites when used either in beverages, such as water, 
soft drink or wines, or in solid foods may exist. 

 The reaction products of sulfites appearing in various foods and beverages are not well 
characterised and information on their absorption and/or toxicity was limited. 

However, the Panel noted that the remaining sulfur dioxide, bisulfite and sulfite ions existed in a series 
of equilibria and that these would favour bisulfite ions at the pH of the stomach and sulfite ions at 
physiological pHs. Therefore, the Panel considered that once ingested, based on their capacity to form 
sulfite ions, read across between the different sulfite sources is possible. 

Among the uncertainties from the biological and toxicological data, the Panel considered that:  

 many data were obtained from toxicity studies with possible confounding factors, which were 
not adequately evaluated: diet with thiamine supplementation, which may induce formation of 
complexes with sulfites and a resulting modification of their biological effects; or sulfites 
administered in solution in water, which might modify their stability and/or reactivity; 

 numerous publications, from non-regulatory studies, have reported biological effects of SO2, 
sulfites and bisulfites in various cell models and in vivo, which may indicate the possibility of 
adverse effects. Although knowledge of the biological effects of sulfites has improved since 
their last evaluations, further research is needed to determine the mode of action and relative 
contributions of the different forms and their different metabolic pathways. 

However, the Panel noted that: 

 the overall available database was limited;  

 this database did not indicate any concern for genotoxicity and did not report effects in 
chronic, carcinogenicity and reprotoxicity studies after oral exposure in the diet, by 
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gavage, or in the drinking water. A NOAEL of 70 mg SO2 equivalent/kg bw per day was 
identified from a long-term toxicity study in rats; 

 although the majority of the available toxicological studies were performed using sodium 
or potassium metabisulfite, because exposure is predominantly to the sulfite ion 
irrespective of its source, read across of these data to other sulfites and sulfur dioxide is 
feasible. 

In addition, the Panel observed that:  

 the exposure to sulfur dioxide–sulfites was: 

- above the group ADI of 0.7 SO2 equivalent/mg kg per bw in all population groups 
at both the mean and the high level in the brand-loyal scenario, and at the high 
level in the non-brand-loyal scenario, when calculated in the refined exposure 
scenario considering only direct addition of sulfur dioxide–sulfites to food;  

- above the group ADI in all populations at the high level for the non-brand loyal 
scenario in the refined exposure scenario considering additional exposure taking 
into account the available analytical data for foods categories which may contain 
sulfur dioxide–sulfites (E 220–228) due to carry-over and for food categories for 
which the direct addition of sulfur dioxide–sulfites (E 220–228) is not authorised 
and whose presence cannot be explained via carry-over. 

 there are numerous reports of sensitivity/intolerance reactions in humans exposed to 
sulfited solid foods and beverages. 

 

Overall, considering that: 

 the group ADI allocated by JECFA and the SCF of 0–0.7 mg SO2 equivalent/kg bw per day 
based on a NOAEL in both the pigs and rats studies was on the assumption that they can result 
from all sulfiting substances; 

 the toxicological database on sulfites and their reaction products with food components was 
limited; 

 based on the common exposure to sulfite ions, extrapolation between studies using various 
sulfite sources was possible; 

 there were data suggesting that the critical effects of sulfites (and particularly sulfur dioxide) 
were site of contact effects, however, it was not possible to ascertain whether there were no 
systemic effects; 

 improving the toxicological database might result in either an increase or a decrease in the 
group ADI, depending on, for example, the effects detected, the identified point of departure 
and the use of chemical specific rather than default uncertainty factors. 

The Panel concluded that the current group ADI of 0.7 mg SO2 equivalent/kg bw per day (derived 
using a default uncertainty factor of 100) would remain adequate but should be considered temporary 
whilst the database was improved. 

The Panel further concluded that exposure estimates to sulfur dioxide–sulfites were higher than the 
group ADI of 0.7 mg SO2 equivalent/kg bw per day for all population groups. 

The Panel recommended that: 

 the database and the temporary group ADI should be re-evaluated. The Panel noted that the 
studies recommended below could require 5 years for completion; 
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 additional studies performed according to recent internationally recognised Organisation for 
Economic Co-operation and Development (OECD) guidelines would allow more adequate 
risk assessment of the sulfites that are used as food additives: 

- ADME data for all the sulfites, including identification of their forms and reaction 
products when they are used to treat beverages and solid foods. Depending on the 
outcome of these ADME studies, additional toxicity studies may be required, such as 
those described in the Guidance for submission of food additives (EFSA ANS Panel, 
2012). 

 a mode of action analysis should be conducted when the knowledge permits; 

 studies on the origin and mechanisms (forms of sulfites involved) of the reactions of 
individuals who are sensitive or intolerant to sulfites should be conducted;  

 the labelling ‘contains sulfites’ should provide information on the amount of SO2 equivalent 
present in solid foods and beverages. 

 the maximum limits for the impurities of toxic elements (arsenic, lead and mercury) in the EU 
specification for sulfur dioxide–sulfites (E 220–228) should be revised in order to ensure that 
sulfur dioxide–sulfites (E 220–228) as food additives will not be a significant source of 
exposure to these toxic elements in food. 
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