¥

. efsam

European Food Safety Authority EFSA Journal 2014;12(11):3907

SCIENTIFIC OPINION

Scientific Opinion on Chloramphenicol in food and feed'
EFSA Panel on Contaminants in the Food Chain (CONTAM)z’3
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ABSTRACT

Chloramphenicol is an antibiotic not authorised for use in food-producing animals in the European Union (EU).
However, being produced by soil bacteria, it may occur in plants. The European Commission asked EFSA for a
scientific opinion on the risks to human and animal health related to the presence of chloramphenicol in food and
feed and whether a reference point for action (RPA) of 0.3 pg/kg is adequate to protect public and animal health.
Data on occurrence of chloramphenicol in food extracted from the national residue monitoring plan results and
from the Rapid Alert System for Food and Feed (RASFF) were too limited to carry out a reliable human dietary
exposure assessment. Instead, human dietary exposure was calculated for a scenario in which chloramphenicol is
present at 0.3 pg/kg in all foods of animal origin, foods containing enzyme preparations and foods which may be
contaminated naturally. The mean chronic dietary exposure for this worst-case scenario would range from 11 to
17 and 2.2 to 4.0 ng/kg b.w. per day for toddlers and adults, respectively. The potential dietary exposure of
livestock to chloramphenicol was estimated to be below 1 pg/kg b.w. per day. Chloramphenicol is implicated in
the generation of aplastic anaemia in humans and causes reproductive/hepatotoxic effects in animals. Margins of
exposure for these effects were calculated at 2.7 x 10° or greater and the CONTAM Panel concluded that it is
unlikely that exposure to food contaminated with chloramphenicol at or below 0.3 pg/kg is a health concern for
aplastic anaemia or reproductive/hepatotoxic effects. Chloramphenicol exhibits genotoxicity but, owing to the
lack of data, the risk of carcinogenicity cannot be assessed. The CONTAM Panel concluded that, when applied
to feed, the current RPA is also sufficiently protective for animal health and for public health, arising from
residues in animal derived products.
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SUMMARY

Chloramphenicol is a broad-spectrum antibiotic effective against Gram-positive and Gram-negative
bacteria and, in the past, has been widely used to treat infections in both humans and animals.
Chloramphenicol is not authorised for use in food-producing animals in the European Union (EU) but
may be used in human medicine and in treatments for non-food-producing animals. Apart from its
potential occurrence as a residue in food from illicit treatment of food-producing animals,
chloramphenicol has also been used in feed and food enzyme products and may occur naturally in
plants from its production by the soil bacterium Streptomyces venezuelae.

The EFSA Scientific Opinion entitled “Guidance on methodological principles and scientific methods
to be taken into account when establishing Reference Points for Action (RPAs) for non-allowed
pharmacologically active substances present in food of animal origin” identified an approach for
establishing RPAs for various categories of non-allowed pharmacologically active substances.
However, the opinion also identified certain categories of non-allowed pharmacologically active
substances that are considered to be outside the scope of the procedure, including substances causing
blood dyscrasias (aplastic anaemia) such as chloramphenicol. As chloramphenicol is excluded from
that opinion and taking into account its natural occurrence in the environment as a contaminant and its
incidental use in fermentation processes or to protect the consumer from food and feed deterioration,
the European Commission (EC) asked the European Food Safety Authority (EFSA) for a scientific
opinion on the risks to human and animal health related to the presence of chloramphenicol in food
and feed. The opinion should include an evaluation of the toxicity of chloramphenicol for humans,
considering all relevant toxicological endpoints and identification of the toxicological relevance of
chloramphenicol present in food, and an exposure assessment of the EU population to
chloramphenicol, including the consumption patterns of specific (vulnerable) groups of the population.
With regard to animals, the opinion should consider the exposure levels of chloramphenicol for the
different farm animal species above which signs of toxicity can be observed or the level of
transfer/carry-over of chloramphenicol from the feed to products of animal origin for human
consumption which results in unacceptable levels of chloramphenicol. The EC also requested that an
RPA of 0.3 pg/kg for chloramphenicol in food of animal origin be evaluated as to whether it is
adequate to protect public health, and that the appropriateness of applying the RPA for food of animal
origin to feed and food of non-animal origin for the protection of animal and public health be assessed.

Most of the sampling of food, and of related materials, for chloramphenicol testing in foods of animal
origin is undertaken in the context of the national residue monitoring plans. Suitable screening
methods measure chloramphenicol residues with sufficient sensitivity to satisfy the current regulatory
requirements, at the minimum required performance limit (MRPL) of 0.3 pg/kg, and include
immunoassay, biosensor and chromatographic techniques. Confirmatory methods, typically based on
gas chromatography—mass spectrometry (GC-MS) and liquid chromatography—tandem mass
spectrometry (LC-MS/MS) techniques, have been developed for determination of chloramphenicol in
a wide range of sample types and have decision limits (or limits of detection) in the range of < 0.01 to
0.15 pg/kg and detection capability (or limits of quantification) values in the range of 0.01 to
0.3 ng/kg.

Chloramphenicol has been found to occur in feed, such as straw, in a number of European Member
States, and also in herbs, grass and soil samples. Studies have shown the natural formation of
chloramphenicol by Streptomyces venezuelae in the soil, and its uptake into wheat stems and corn
stalks and, at lower levels, into spikes and cobs. These studies demonstrate that plant materials can
become contaminated as a result of the production of chloramphenicol by soil organisms.

Data on occurrence of chloramphenicol in food, reported by Member States from the national residue
monitoring plans, have been extracted for the period 2002 to 2012; there were 306 targeted samples
reported to be non-compliant for chloramphenicol. The animal species/food products in which
chloramphenicol was reported were pigs, poultry, bovines, aquaculture, sheep/goats, rabbit, farmed
game, honey and milk. Data were also extracted from the Rapid Alert System for Food and Feed
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(RASFF) database for the years 2002 to 2013; there were 440 notification events reported for
chloramphenicol, 402 for food and 38 for feed. The notifications related to a range of food products,
particularly the categories of crustaceans and products thereof, honey and royal jelly, meat and meat
products, milk and milk products and fish and fish products, and to feed. In addition, during 2013
there were 24 notification events relating to enzyme concentrates, enzyme preparations or foods
containing enzyme preparations; 19 for food and 5 for feed. Three of these 19 notification events for
food concerned enzyme-based food supplements.

The EFSA Panel on Contaminants in the Food Chain (CONTAM) concluded that these data, extracted
from the EC’s database relating to the national residue monitoring plan testing by Member States and
the RASFF database, were too limited to carry out a reliable human dietary exposure assessment.
Instead, the CONTAM Panel calculated the hypothetical human dietary exposure, considering as an
occurrence value the RPA of 0.3 pg/kg, for a scenario where chloramphenicol is present in specific
food groups (foods of animal origin, foods in which enzyme preparations, reported to be contaminated
with chloramphenicol, may be used during food production, and grains and grain-based products in
which chloramphenicol could occur naturally). The CONTAM Panel emphasises that this scenario
represents a worst-case situation.

Applying the EFSA Comprehensive European Food Consumption Database to this exposure scenario
would give mean chronic dietary exposure across the different European countries and dietary surveys
of 11 to 17 ng/kg body weight (b.w.) per day for toddlers and of 2.2 to 4.0 ng/kg b.w. per day for
adults.

The daily dietary exposure to chloramphenicol from enzyme-based food supplements at the
concentrations reported in RASFF notifications ranged between 0.1 and 12 ng/kg b.w. per day.

The CONTAM Panel considered the exposure to chloramphenicol via feed enzymes for pigs and
poultry and used a chloramphenicol concentration of 5.9 ug/kg compound feed. This level of
chloramphenicol contamination in compound feed would result in a dietary exposure of < 0.4 ug/kg
b.w. per day for various categories of pigs and poultry. Based on available data on chloramphenicol
levels in straw, the highest dietary exposure of cattle to chloramphenicol would be < 0.5 pg/kg b.w.
per day. Overall, potential dietary exposure of livestock to chloramphenicol from feed enzymes, straw
or soil was estimated to be below 1 pg/kg b.w. per day.

Information on the effect of food processing on chloramphenicol is limited; some decrease in
chloramphenicol has been reported due to processing, as well as the production of degradation
products, but the toxic potential of these compounds is unclear. In the case of feed, no studies on the
influence of feed processing (e.g. silage fermentation of grass, elevated temperatures and pressure in
compound feed production) on chloramphenicol were identified.

In humans, chloramphenicol is highly bioavailable upon oral exposure and may easily cross both
placental and mammary barriers. Under normal conditions, the drug is extensively biotransformed and
rapidly eliminated, mainly as glucuronide derivatives. However, conditions known to depress the
glucuronidation rate may allow the drug to enter reductive and/or oxidative pathways yielding
toxic/reactive metabolites, which have been implicated in the generation of blood dyscrasias and
possibly genotoxicity.

In ruminants, chloramphenicol is extensively metabolised in the rumen, resulting in poor absorption of
the parent compound. In pigs, the available data indicate that chloramphenicol is widely bioavailable
by the oral route and is distributed in all edible tissues. In avian species, chloramphenicol displays a
limited oral bioavailability (3545 %) and a remarkable first-pass effect. The parent drug and different
metabolites have been detected in liver, muscle and eggs up to several days after termination of
treatment. In horses, chloramphenicol is rapidly and extensively absorbed and widely distributed to
tissues. In fish, metabolism of chloramphenicol is dependent on species and a variety of environmental
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factors, such as water temperature and water flow. Cats exhibit a longer elimination half-life of the
drug compared to other domestic animal species investigated.

Exposure of farm animals to radiolabelled chloramphenicol at doses formerly used therapeutically,
typically around 50 mg/kg b.w., resulted in levels in meat, milk and eggs in the range of 1 to
100 mg/kg, expressed as chloramphenicol equivalents, during or shortly after the treatment. Linear
extrapolation of these exposure levels to maximal intakes calculated for recent findings in feed
enzymes, straw and soil indicate that levels in edible products would not exceed the current RPA of
0.3 ng/kg. Various metabolites were identified in carry-over studies with doses of chloramphenicol
formerly used therapeutically but there is uncertainty about potential occurrence of residues of
genotoxic metabolites in various animal species, with one study reporting their occurrence in broilers,
whereas unpublished studies submitted to FAO/WHO could not confirm their presence in meat and
organs of pigs, calves and broilers.

In mice, the oral median lethal dose (LDsy) was estimated to be 2 640 mg/kg b.w. and neurotoxic
effects were observed after acute dosing at 1 250 mg/kg b.w. and higher. In dogs, neurotoxic effects
were observed at 300 mg/kg b.w. given orally. Chloramphenicol causes toxicity in liver, small
intestine, spleen and thymus of laboratory animals. Chloramphenicol also caused a concentration
dependent inhibition of the activity of some cytochrome P450 (CYP)-enzymes in rat liver microsomal
fractions. It also induced signs of haemolytic anaemia as well as an inhibitory action on the bone
marrow. The most sensitive endpoint was liver toxicity, with effects found at the lowest tested dose of
25 mg/kg b.w. per day in rats. Consequently, a no observed adverse effect level (NOAEL) for
repeated-dose toxicity could not be identified from these studies. Chloramphenicol caused dose-
dependent mild reversible anaemia in laboratory animals at oral doses of 825 mg/kg b.w. per day or
above, while severe non-reversible aplastic anaemia has not been observed. Chloramphenicol at doses
of 25-112 mg/kg b.w. per day caused testes degeneration and effects on sperm quality in rats.
Embryotoxicity and teratogenicity were found in laboratory animals orally exposed to
chloramphenicol doses in the range of 500-2 000 mg/kg b.w. per day. Chloramphenicol is neurotoxic
in certain species, shown by reduced learning ability in rats (50 mg/kg b.w. per day s.c.) and mice
(25 to 200 mg/kg b.w. per day orally) and disturbed sleeping pattern in rats (400 mg/kg b.w. i.p.) and
cats (165 mg/kg b.w. or higher orally).

While largely inactive in prokaryotic and lower eukaryotic genotoxicity test systems, chloramphenicol
displays mutagenic and clastogenic activity in vitro in different types of mammalian cells, although it
was negative in some tests. Moreover, several metabolites were shown to be much more active than
chloramphenicol itself in inducing DNA-strand breaks in human cells. /n vivo, chloramphenicol
induced chromosomal aberrations in bone marrow in mice and rats and in blood cells of calves,
following administration through different routes. Oral gavage studies showed clastogenic effects in
newborn rats exposed transplacentally. The genotoxic activity of chloramphenicol is likely to depend
on the metabolic competence of the exposed organism(s) in view of the higher toxic potencies of
certain metabolites. No conclusion can be drawn regarding the potential carcinogenicity of
chloramphenicol because of the lack of appropriate and well-documented long-term studies.

Although the mechanism for chloramphenicol-induced aplastic anaemia in humans has not been
elucidated, nitroreduction to nitroso-chloramphenicol and the production of reactive oxygen species
leading to DNA damage seem to be crucial factors in the induction of aplastic anaemia. Genetic
predisposition, enhancing the ability of the bone marrow to reduce chloramphenicol into its
myelotoxic derivative, also plays an important role.

The therapeutic use of chloramphenicol in humans has been reported to result in various adverse
effects, with haematotoxicity being most frequent and severe. Reversible anaemia with or without
leukopenia or thrombocytopenia, may be caused by an inhibitory effect of chloramphenicol on
mitochondria. Aplastic anaemia caused by chloramphenicol is an idiosyncratic adverse reaction only
observed in humans and for which no dose-response relationship has been established. While in case
studies it has been clearly demonstrated that chloramphenicol exposure can cause aplastic anaemia, a
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relationship could not be established in epidemiological studies. The CONTAM Panel noted that the
design of such studies, in particular retrospective studies, appears not to be appropriate to detect such a
relationship due to the low incidence of aplastic anaemia and the idiosyncratic nature of the disease. A
positive association of chloramphenicol exposure with an increased risk of developing leukaemia was
reported in one study but not observed in subsequent studies.

Despite the former widespread use of chloramphenicol as a veterinary drug, limited information is
available concerning adverse effects in livestock, especially after oral treatment. Some effects were
described in calves treated intramuscularly (i.m.) or intravenously (i.v.) with doses of 20—100 mg/kg
b.w., including chromosome aberrations in lymphocytes from treated animals. In cats and dogs,
prolonged treatment with high doses (more than 50 mg/kg b.w.) resulted in effects on the bone
marrow/blood system.

The available animal and human data indicate that the derivation of a health-based guidance value for
chloramphenicol is not appropriate. Three serious effects of chloramphenicol, i.e. aplastic anaemia in
humans and reproductive and liver toxicity in animals, were envisaged as providing a basis for
reference points for the risk characterisation. Clinical case studies addressing aplastic anaemia show
that doses in a range from 4 to 410 mg chloramphenicol/kg b.w. per day administered over periods
spanning from several days to months are associated with the development of aplastic anaemia. The
lowest dose of 4 mg/kg b.w. chloramphenicol per day was selected as a reference point from the case
studies on systemic exposure from which an exposure could be estimated. At a dose level of 25 mg/kg
b.w. per day, reproductive and liver toxicity were observed in rats; this effect dose was selected as a
reference point to assess the risk of possible reproductive/hepatotoxic effects of exposure to
chloramphenicol. Owing to the lack of appropriate data, the CONTAM Panel cannot assess the risk of
carcinogenicity.

In accordance with the exposure scenario in which specific food groups (foods of animal origin, foods
in which enzyme preparations, reported to be contaminated with chloramphenicol, may be used during
food production and grains and grain-based products in which chloramphenicol could occur naturally)
are considered to be contaminated with chloramphenicol at the RPA value of 0.3 pg/kg, the median
chronic dietary exposure across European countries and dietary surveys for the average consumer
results in a margin of exposure (MOE) for aplastic anaemia of approximately 2.7 x 10° for toddlers
and 1.3 x 10° for adults and an MOE for reproductive/hepatotoxic effects of approximately 1.7 x 10°
for toddlers and 8.1 x 10° for adults. Considering these large MOEs, and the relatively low frequency
of occurrence (1 in 20 000 to 40 000) of aplastic anaemia following systemic treatment of patients
with chloramphenicol (4 to 410 mg/kg b.w.), it is unlikely that exposure to food contaminated with
chloramphenicol at or below 0.3 pg/kg is a health concern with respect to the risk of developing
aplastic anaemia, or reproductive/hepatotoxic effects.

In the case of enzyme-based food supplements, considered to be contaminated with chloramphenicol
at the highest observed level of 1 800 pg/kg, MOEs of 3.3 x 10° for aplastic anaemia and 2.1 x 10° for
reproductive/hepatotoxic effects were calculated. Exposure to such an enzyme-based food supplement
is unlikely to represent a health concern with respect to aplastic anaemia or reproductive/hepatotoxic
effects.

Potential dietary exposure of livestock to chloramphenicol from feed enzymes, straw or soil was
estimated to be below 1 pg/kg b.w. per day. Some adverse effects were described in farm animals but
for dosages in the mg/kg b.w. range. It is unlikely that exposures around 1 pg/kg b.w. per day would
result in adverse effects.

The CONTAM Panel evaluated whether an RPA of 0.3 pg/kg for chloramphenicol in food of animal
origin is adequate to protect public health and concluded that the current RPA is adequate to protect
against potential adverse health effects of chloramphenicol with respect to aplastic anaemia or
reproductive/hepatotoxic effects. The CONTAM Panel also concluded that it is appropriate to apply

EFSA Journal 2014;12(11):3907 5


e.verdon
Texte surligné 

e.verdon
Texte surligné 

e.verdon
Texte surligné 

e.verdon
Texte surligné 

e.verdon
Texte surligné 

e.verdon
Texte surligné 


~. . aefsam

T P — Chloramphenicol in food and feed

the RPA for food of animal origin to food of non-animal origin and feed for the protection of animal
and public health.

The CONTAM Panel recommends that information be generated on the stereoselectivity of the
production routes used for chemical synthesis systems used to produce chloramphenicol and the extent
to which the potential presence of different enantiomers in the chloramphenicol preparation used may
have influenced the observed adverse effects. There is a need for information on the carcinogenicity of
chloramphenicol and on the mechanisms underlying the genotoxic effects of chloramphenicol. Further
studies are required on the presence of chloramphenicol in soil and on the possible uptake of
chloramphenicol by cereals and vegetables, including the formation of plant metabolites. The potential
formation of reactive intermediates of chloramphenicol, which could result in residues in foods of
animal origin, should be studied. Additional data are needed on the occurrence of toxic metabolites
and the formation of bound residues in edible tissues of food-producing animals.
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BACKGROUND AS PROVIDED BY THE EUROPEAN COMMISSION

Chloramphenicol is an antimicrobial that was originally derived from the bacterium Streptomyces
venezuelae, a species of soil-dwelling Gram-positive bacterium of the genus Streptomyces. It was
introduced into clinical practice in 1949. It was the first antibiotic to be manufactured synthetically on
a large scale. It is cheap and easy to produce.

Both the European Medicines Agency® and the WHO/FAO Joint Expert Committee on Food Additives
(JECFAY’ have concluded that it was not possible to derive an acceptable daily intake (ADI) for
chloramphenicol in the human diet. The International Agency for Research on Cancer (IARC) has
classified chloramphenicol in Group 2A° (likely carcinogenic to humans).

In human medicine, it has long been a first-line agent for treatment of infections. In developed nations,
resistance and safety concerns have largely reduced its use to topical treatment although it is still being
used for life threatening conditions in humans when other antibiotics are less effective. In low-income
countries, chloramphenicol is still widely used because it is inexpensive and readily available. Safety
concerns related to chloramphenicol relate to bone marrow toxicity (bone marrow suppression and
aplastic anaemia), leukaemia and grey baby syndrome.

In veterinary medicine in the European Union, chloramphenicol was included’ in Regulation (EEC)
No 2377/90% in Annex III “List of pharmacologically active substances used in veterinary medicinal
products for which provisional maximum residue limits have been fixed” for use in “all food
producing animals” with a provisional maximum residue limit (expiring in July 1994) of 10 pg/kg for
the target tissues muscle, liver, kidney and fat. Its use in food producing animals in the European
Union came to an end in 1994 by the reclassification of chloramphenicol to the list of prohibited
substances’. Formulations containing chloramphenicol currently authorised within the European
Union are restricted to use in non-food producing animals.

Findings of chloramphenicol

From 2001 onwards, a wide presence of chloramphenicol was detected in fishery products mostly
originating in South-East Asia. Fishery products (shrimp, crayfish, crab...) were most affected with
levels of chloramphenicol mostly below 10 pug/kg, but with exceptional levels up to almost 300 pg/kg.
Less strict legislation related to veterinary medicinal products (VMPs) in South-East Asia (absence of
provisions related to general prohibition on the off-label use of VMPs and on the use of non-approved
VMPs) in combination with wide availability of pharmacologically active substances as chemicals has
been reported as a possible cause of this episode. Other tainted food commodities were fish (levels
below 5 pg/kg), honey, pollen and propolis (levels mostly below 10 pg/kg, exceptions up to
5000 pg/kg), milk powders (levels mostly below 1 pg/kg) and casings (levels mostly below 2 pg/kg).

4

Chloramphenicol Summary Report — Committee for Veterinary Medicinal Products — available online at
http://www.ema.europa.eu/docs/en_GB/document_library/Maximum_Residue_Limits - Report/2009/11/WC500012
060.pdf

5 12" JECFA, 1968; 32" JECFA 1987; 42™ JECFA, 1994.

® TARC vol. 50: 169, 1990.

7 Commission Regulation (EEC) No 675/92 of 18 March 1992 amending Annexes I and III of Council Regulation (EEC) No

2377/90 laying down a Community procedure for the establishment of maximum residue limits of veterinary medicinal

products in foodstufts of animal origin (OJ L 73, 19.3.1992, p. 8).

Council Regulation (EEC) No 2377/90 laying down a Community procedure for the establishment of maximum residue

limits of veterinary medicinal products in foodstuffs of animal origin (OJ No L 224, 18.8.1990, p.1), repealed by

Regulation (EC) No 470/2009 of the European Parliament and of the Council laying down Community procedures for the

establishment of residue limits of pharmacologically active substances in foodstuffs of animal origin, repealing Council

Regulation (EEC) No 2377/90 and amending Directive 2001/82/EC of the European Parliament and of the Council and

Regulation (EC) No 726/2004 of the European Parliament and of the Council (OJ L 152, 16.6.2009, p. 11) and

Commission Regulation (EU) No 37/2010 on pharmacologically active substances and their classification regarding

maximum residue limits in foodstuffs of animal origin (OJ L 15, 20.1.2010, p. 1).

’ Commission Regulation (EC) No 1430/94 amending annexes L, II, III and IV of Council Regulation (EEC) No 2377/90
laying down a Community procedure for the establishment of maximum residue limits of veterinary medicinal products in
foodstuffs of animal origin (OJ L 156, 23.6.1994, p. 6).
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As risk management tool, a reference point for action (RPA) was set'® specifying the actions to be
undertaken when analytical tests carried on imported consignments of products of animal origin
confirmed the presence of chloramphenicol at or above 0.3 pg/kg. All tested food containing residues
at or above the RPA was considered non-compliant and removed from the food chain (destruction, re-
dispatch, recall). The decision further contains provisions related to confirmed findings below the
RPA indicating a recurrent pattern. Several safeguard measures'' imposing obligatory testing on
imports were adopted in view of consumer protection. When import checks demonstrated that all
consignments were compliant as regards residues of chloramphenicol, these safeguard measures were
lifted or no longer prolonged.

The Commission and the Member States agreed'” to apply this approach including possible
enforcement actions, with the necessary changes, to food of animals origin produced within the Union.
As a consequence of this agreement, Member States perform follow-up investigations to determine the
cause of the residues and to prevent repetition and impose enforcement measures (recall, movement
restrictions...) in accordance with Directive 96/23/EC when confronted with cases of residues of
chloramphenicol in food of animal origin of intra-Union origin. As chloramphenicol is a prohibited
substance for inclusion in veterinary medicinal products for food producing animals, the expected
outcome of such findings is an illegal use/abuse of a veterinary medicinal product destined for
companion animals in food producing animals. However, on several occasions' these follow-up
investigations were unable to disclose the origin of the residues.

In December 2012, follow-up investigations launched following simultaneous confirmed findings of
chloramphenicol at or below 0.3 pg/kg in several pig farms in Sweden were unable to reveal illegal
use or abuse. Further enquiries revealed that straw supplied to the animals contained confirmed levels
of chloramphenicol'*. The affected farms were blocked. The straw was removed and animals were fed
animal feed containing no chloramphenicol. The farms remained blocked until monitoring of the
animals (urine) was no longer able to demonstrate the presence of residues of chloramphenicol, at
which time the restrictive measures were lifted. Findings of chloramphenicol in plant materials with
levels ranging from 1 to 50 pg/kg (with exceptions up to 450 pg/kg) have been reported'.

In summer 2013, investigations following findings of chloramphenicol in feed enzymes lead to
enzyme producers in Asia. The investigations revealed levels of chloramphenicol mostly below
55 pg/kg (with exceptions up to 47.000 pg/kg) in enzymes destined for feed production. Levels up to
1900 ng/kg were detected in enzymes destined for food production. In this incident, an the same action
level (0.3 ug/kg) applicable to products of animal origin was used as well to determine compliance in
all stages of the feed (feed enzymes, premixes, compound feed) and food chain (food enzymes, food).
The range of detected residues points towards the possible intentional addition during the fermentation
process (to suppress development of unwanted bacteria) or to the final product (for stabilisation /
protection reasons).

1% Commission Decision 2005/34/EC laying down harmonised standards for the testing for certain residues in products of

animal origin imported from third countries.

e.g. Commission Decision 2008/630/EC on emergency measures applicable to crustaceous imported from Bangladesh and

intended for human consumption (OJ L 205, 1.8.2008, p.49); Commission Decision 2002/994/EC concerning certain

protective measures with regard to the products of animal origin imported from China (OJ L 348, 21.12.2002, p.154);

Commission Decision 2010/381/EU on emergency measures applicable to consignments of aquaculture products imported

from India and intended for human consumption (OJ L 174, 9.7.2010, p.51).

2 SANCO -E.2(04)D/521927 available online at: http://ec.europa.eu/food/committees/regulatory/scfcah/controls_imports/
summary35_en.pdf

13 See "Questionnaires submitted by the Member States on the actions taken in case of non-compliant results” in the annual
reports on the implementation of national residue monitoring plans in the Member States (Council Directive 96/23/EC) for
the years 2008 to 2011 available at: http://ec.europa.eu/food/food/chemicalsafety/residues/monitoring_en.htm

4 If possible reference to be provided by Sweden (Ingrid Nordlander).

!5 Berendsen et al. Evidence of natural occurrence of the banned antibiotic chloramphenicol in herbs and grass. Anal Bioanal
Chem (2010) 397:1955-1963.

11
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In the Scientific Opinion “Guidance on methodological principles and scientific methods to be taken
into account when establishing Reference Points for Action (RPAs) for non-allowed
pharmacologically active substances present in food of animal origin”'°, the CONTAM Panel
proposed several criteria where the European Commission might consider it appropriate to consult
EFSA for a substance-specific risk assessment. One of proposed criteria was in case of residues of
substances causing blood dyscrasias (such as aplastic anaemia).

TERMS OF REFERENCE AS PROVIDED BY THE EUROPEAN COMMISSION

As chloramphenicol is excluded from this opinion and taking into account its natural occurrence in
environment as contaminant and its incidental use in fermentation processes or to protect food and
feed from deterioration, the Commission requests EFSA in accordance with Article 29 of Regulation
(EC) No 178/2002 for a scientific opinion on the risks to human and animal health related to the
presence of chloramphenicol in food and feed.

In particular this opinion should comprise the:

a) evaluation of the toxicity of chloramphenicol for humans, considering all relevant
toxicological endpoints and identification of the toxicological relevance of chloramphenicol
present in food;

b) exposure of the EU population to chloramphenicol, including the consumption patterns of
specific (vulnerable) groups of the population;

c) exposure levels of chloramphenicol for the different farm animal species (difference in
sensitivity between animal species) above which

e signs of toxicity can be observed (animal health/impact on animal health) or
o the level of transfer/carry-over of chloramphenicol from the feed to the products of
animal origin for human consumption results in unacceptable levels of chloramphenicol;

d) evaluation whether a reference point for action of 0.3 pg/kg for chloramphenicol in food of
animal origin is adequate to protect public health;

e) assessment of the appropriateness to apply the reference point for action for food of animal
origin to feed and food of non-animal origin for the protection of animal and public health

! EFSA CONTAM Panel (EFSA Panel on Contaminants in the Food Chain), 2013). Guidance on methodological principles
and scientific methods to be taken into account when establishing Reference Points for Action (RPAs) for non-allowed
pharmacologically active substances present in food of animal origin. EFSA Journal 2013;11(4):3195, 24 pp.
doi:10.2903/j.efsa.2013.3195
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ASSESSMENT

1. Introduction

Chloramphenicol, C;H;Cl,N,Os  (2,2-dichloro-N-[1,3-dihydroxy-1-(4-nitrophenyl)propan-2-yl]
acetamide), is a broad-spectrum antibiotic with bacteriostatic action. Chloramphenicol is effective
against Gram-positive and Gram-negative bacteria. Chloramphenicol was discovered in 1949 and has,
in the past, been widely used to treat infections in both humans and animals. In human medicine,
chloramphenicol was initially used in the treatment of typhoid and subsequently in the treatment of
bacterial meningitis, central nervous system (CNS) infections and as a topical treatment for bacterial
conjunctivitis.

Originally, chloramphenicol was obtained from the bacterium Streptomyces venezuelae. It may be
produced by chemical synthesis followed by a step to isolate stereoisomers; a fermentation process
also has been described (IARC, 1990) that does not require separation of stereoisomers (NTP, 2011).
In this opinion, only the stereoisomer with antibacterial activity, which is the one produced by bacteria
(the RR-p-chloramphenicol isomer) is considered.

Bone marrow toxicity is the most serious adverse effect associated with chloramphenicol treatment,
occurring either as bone marrow suppression or aplastic anaemia. Bone marrow suppression is a direct
toxic effect of chloramphenicol and is usually reversible, whereas aplastic anaemia is idiosyncratic,
being rare, unpredictable and unrelated to the dose, and is generally fatal. Owing to the safety and
bacterial resistance concerns, chloramphenicol is no longer used as a primary antibacterial in human
medicine in developed countries, with the exception of its use to treat bacterial meningitis and as a
topical treatment for bacterial conjunctivitis. However, because chloramphenicol is a very effective
antibacterial and may be easily and cheaply manufactured, it is still used widely in some developing
countries in treatments for both humans and animals.

In veterinary medicine, chloramphenicol is not authorised for use in food-producing animals in the
European Union (EU) following an evaluation by the Committee for Medicinal Products for
Veterinary Use (CVMP) (CVMP, 1994). Chloramphenicol is still used for treatment of infections in
non-food-producing animals.

The EFSA scientific opinion entitled “Guidance on methodological principles and scientific methods
to be taken into account when establishing Reference Points for Action (RPAs) for non-allowed
pharmacologically active substances present in food of animal origin” (EFSA CONTAM Panel, 2013)
identified an approach based on both analytical and toxicological considerations for establishing RPAs
for various categories of non-allowed pharmacologically active substances. However, the opinion also
identified certain categories of non-allowed pharmacologically active substances for which
toxicological screening values based on the procedure described might not be sufficiently health
protective and such substances are considered to be outside the scope of the procedure. Such
substances include those causing blood dyscrasias (such as aplastic anaemia) or allergy or which are
high-potency carcinogens. For such substances, including chloramphenicol, a specific risk assessment
is required.

1.1. Previous assessments
Chloramphenicol has been the subject of several previous assessments by international, European and
national organisations.

1.1.1.  International and European agencies

Chloramphenicol was evaluated by the Joint FAO/WHO Expert Committee on Food Additives
(JECFA) at its 12", 32™, 42" and 62™ meetings (FAO/WHO, 1969, 1988, 1995, 2004a). In its most
recent evaluation, JECFA concluded from epidemiological data that treatment with chloramphenicol is
associated with the induction of aplastic anaemia, which may be fatal. However, no dose-response
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relationship or a threshold dose for the induction of aplastic anaemia was identified in humans. As is
the case with other idiosyncratic immune system-mediated adverse reactions, no animal model could
be developed for chloramphenicol. Based on the evidence that chloramphenicol is genotoxic in vivo,
JECFA considered it prudent to assume that chloramphenicol could cause some effects, such as
cancer, through a non-thresholded genotoxic mechanism. JECFA concluded that it was not appropriate
to establish an acceptable daily intake (ADI) for chloramphenicol. JECFA also evaluated the
possibility that foods are occasionally contaminated from environmental sources and concluded that
this source of contamination cannot be ruled out (FAO/WHO, 2004a). Since no ADI was established,
and because there was insufficient information on which to choose a suitable marker residue, JECFA
was unable to assign maximum residue limits (MRLs) for chloramphenicol (FAO/WHO, 2004b).

The International Agency for Research on Cancer (IARC) evaluated chloramphenicol in 1975, 1987
and most recently in 1990. During the evaluation in 1990, IARC concluded that there is limited
evidence for carcinogenicity of chloramphenicol in humans and inadequate evidence in experimental
animals. The overall evaluation was that chloramphenicol is probably carcinogenic to humans (Group
2A) (IARC, 1990).

The CVMP of the European Agency for the Evaluation of Medicinal Products (EMEA; now the
European Medicines Agency (EMA)) evaluated chloramphenicol in 1994 and concluded that no ADI
could be established for chloramphenicol due to the inability to identify a threshold level for the
induction of aplastic anaemia in humans, the genotoxicity in a number of in vitro and in vivo tests, the
lack of an adequate carcinogenicity study, the lack of a no observed effect level (NOEL) for
fetotoxicity and the lack of an adequate reproductive toxicity study. The CVMP concluded that no
MRLs for chloramphenicol could be elaborated because no ADI could be established, no information
about residues of toxicological concern was available and there was insufficient information to
confirm a “marker” residue that would reflect total residues (CVMP, 1994).

1.1.2.  National agencies

The National Institute for Public Health and Environment (RIVM; Rijksinstituut voor
Volksgezondheid en Milieu) evaluated the risk of chloramphenicol occurrence in shrimps in 2001.
Chloramphenicol was detected in shrimps at concentrations between 1 and 10 ug/kg. Based on a mean
shrimp consumption of 8.4 g per week and a chloramphenicol concentration of 10 pg/kg, the exposure
was estimated to be 0.17 ng’kg b.w. per day for a 70 kg b.w. person. From a two-year study in
C57BL/6N mice receiving chloramphenicol via drinking water (Sanguineti et al., 1983), an additional
lifetime cancer risk of 1in 10° was estimated to be associated with an oral intake in the range of
1-5 ug’kg b.w. per day. It was concluded that the consumption of shrimps at the observed
chloramphenicol concentrations is a negligible risk to public health (RIVM, 2001).

In 2004, I’Agence frangaise de sécurité sanitaire des aliments (AFSSA; now ANSES (Agence
nationale de sécurité sanitaire de 1’alimentation, de I’environnement et du travail)) evaluated the risk
of chloramphenicol occurrence in cheese. The source of contamination was the yeast used for cheese
making. Based on a maximum occurrence value of 0.2 pg/kg and a mean and 95™ percentile cheese
consumption, a mean and a highest exposure was estimated to be 0.15 and 0.49 ng/kg b.w. per day,
respectively, for children (2—14 years). AFSSA concluded that the highest exposure is 2 000 fold
lower than the intake of 1 000 ng/kg b.w. per day, which was according to the RIVM (2001)
associated with an additional cancer risk of 1:10°. It underlined, however, that this was a theoretical
approach (AFSSA, 2004).

In 2002, the German Federal Institute for Consumer Health Protection and Veterinary Medicine
(BgVV), now Federal Institute for Risk Assessment (BfR), evaluated the risk of low chloramphenicol
levels in food, such as muesli for consumers. The chloramphenicol levels in muesli, which were
contaminated by honey were 0.6 and 12.6 pg/kg'’. In its risk assessments, the BgVV, in principle,

' http://www.bfr.bund.de/cm/343/chloramphenicol_in_muesli.pdf
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followed the CVMP evaluation in 1994. However, based on epidemiological studies which showed
that the application of chloramphenicol as eye drops did not identify side effects in the form of aplastic
anaemia, the BgVV reinforced the conclusion of Woodward (1991) that “there are no data to
implicate the presence of residues of chloramphenicol in foods consumed by humans as a cause of
aplastic anaemia”. Moreover, the BgVV considered it unlikely, that microgram doses may reach
target organs to trigger toxic effects. In summary, the BgVV concluded that chloramphenicol
concentra‘%ons in food at the low pg/kg range constitute no quantifiable risk to the health of the
consumer .

The Subcommittee on the Classification of Reproduction Toxic Compounds of the Health Council of
the Netherlands evaluated the effects of chloramphenicol on reproduction, development and lactation.
The committee noted that available human data on the developmental effects of chloramphenicol were
insufficient to draw conclusions but, based on the prenatal and postnatal developmental effects in
laboratory animals (increased embryo lethality and fetal lethality, delayed development,
malformations, effects on neurobehaviour of offspring, effects on mitochondrial function and
morphology), the committee concluded that it is “a presumed human reproductive toxicant”. Owing to
the lack of appropriate human and animal data, no conclusion was drawn for effects on fertility. In the
absence of data on the toxicity of chloramphenicol in human milk, the committee was not able to
calculate a safe level for chloramphenicol in human milk (Health Council of the Netherlands, 2012).

The Netherlands Food and Consumer Product Safety Authority (NVWA; Nederlandse Voedsel- en
Warenautoriteit) evaluated the risks for human and animal health in relation to the occurrence of
chloramphenicol in straw given to veal calves. Based on the highest concentration of chloramphenicol
detected in straw (8.7 pg/kg) and a consumption of 100 g of straw per day, it was estimated that veal
calves are exposed to a maximum of 1 pg per day. Pharmacokinetic studies have shown that
chloramphenicol does not accumulate in edible tissue of calves and is excreted via the urine, primarily
as metabolites. However, no chloramphenicol was detected in the urine samples tested. Based on the
estimated low exposure of the veal calves and the absence of chloramphenicol in urine samples, the
NVWA concluded that the presence of chloramphenicol in straw did not result in an increased risk to
public or animal health. Since chloramphenicol is classified as probably carcinogenic to humans
(Group 2A) by IARC, the exposure should be limited to 0.15 pg per day according to the Threshold of
Toxicological Concern (TTC) approach. Therefore, the NVWA concluded that no increased risk to
public health should be expected when consuming, per day, less than 500 g of meat containing
chloramphenicol at a concentration of less than 0.3 pg/kg (NVWA, 2012).

1.2. Chemical characteristics

Chloramphenicol (2,2-dichloro-N-[1,3-dihydroxy-1-(4-nitrophenyl)propan-2-yl]acetamide; Chemical
Abstracts Service (CAS) No 56-75-7) is a white to greyish-white or yellowish-white fine crystalline
powder or consists of fine crystals, needles or elongated plates with the molecular formula
C,1H,ClLN,05 and a molecular weight of 323.13 g/mol (Figure 1). It has a bitter taste.

OH H H

1l 2l sl
OZNO?—?—?—OH

H NH H

H—CCl,

Figure 1: Chemical structure of p-chloramphenicol

'8 http://www.bfr.bund.de/cm/343/gesundheitliche_bewertung_von_chloramphenicol cap_in_lebensmitteln.pdf
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The main properties of chloramphenicol are summarised as follows (HSDB, 2011). The melting point
is 150.5-151.5 °C. Chloramphenicol is very soluble in methanol, ethanol, butanol, ethyl acetate,
acetone and chloroform, fairly soluble in ether and insoluble in benzene, petroleum ether and
vegetable oils. Solubility in water is 2.5 g/L at 25 °C. Aqueous solutions are neutral, and neutral and
acid solutions are stable on heating. The octanol/water partition coefficient (log K,,,) is 1.14 and the
vapour pressure is 1.7 x 10> mmHg at 25 °C (EPI Suite, estimated!?). Henry’s law constant is
estimated as 2.3 x 10"'® atm-m*/mol at 25 °C (EPI Suite, estimated).

Four stereoisomers are possible, of which only the alphaR,betaR (1R,2R or D-threo) form is active
(see Section 3.4). It seems likely that chemical synthesis of the drug would lead to a mixture of all four
stereoisomers, in contrast to the production by bacteria. There is, however, no information to what
extent commercial preparations contained the different isomers.

In clinical practice, chloramphenicol is most commonly used in three applications: either as a
crystalline powder for oral administration, or palmitate ester as a suspension for oral administration, or
as a succinate ester for parenteral administration. As both esters are inactive, they require hydrolysis to
chloramphenicol for anti-bacterial activity. While the palmitate ester is hydrolysed in the small
intestine prior to absorption, the succinate ester acts as a prodrug which is converted to
chloramphenicol while it is circulating in the body (Ambrose, 1984).

1.3. Therapeutic use of chloramphenicol in humans

Despite its well-known side effects, chloramphenicol is a broad-spectrum antibiotic still used in the
treatment of serious infections, such as meningitis and brain abscesses, typhoid fever and severe
Haemophilus influenzae infections. The usual dosages and route of administration are the following:
25 mg/kg b.w. per day intravenously (i.v.) in four divided doses in neonates, 37.5-50 mg/kg b.w. per
day i.v. in four divided doses in infants over seven days, and 250-500 mg orally every six hours. In all
cases dosages must be adjusted to result in blood peak drug levels not higher than 25 pg/mL to avoid
adverse effects (Smyth and Pallett, 1988). Eye drops (0.5 % active principle) or ocular ointments
(1 % active principle) are available for the treatment of ocular infections. Capsulated crystalline
chloramphenicol and chloramphenicol palmitate are available for oral administration, while
chloramphenicol sodium succinate is the formulation of choice for parenteral use.

2. Legislation

According?? to Article 3 of Regulation (EC) No 470/2009 of the European Parliament and of the
Council®’ any pharmacologically active substance intended for use in the Union in veterinary
medicinal products (VMPs) which are to be administered to food-producing animals shall be subject to
an opinion of the EMA on the MRL, formulated by the CVMP. The opinion consists of a scientific
risk assessment and risk management recommendations. Pharmacologically active substances, for
which the opinion concludes that no MRL is needed or that a (provisional) MRL should be
established, are subsequently classified in Table 1 “allowed substances” of Regulation (EU) 37/2010%.
All use of other pharmacologically active substances in VMPs is not allowed. A specific group of the
non-allowed substances is the group of “prohibited substances”, listed in Table 2 of Regulation (EU)
37/2010. This group of “prohibited substances” includes, inter alia, chloramphenicol. For these
prohibited substances no MRL could be recommended because available data are not sufficient to

19
http://www.epa.gov/opptintr/exposure/pubs/episuite.htm

20 1n this scientific opinion, where reference is made to European legislation (regulations, directives, decisions), the reference

should be understood as relating to the most current amendment, unless otherwise stated.

2! Regulation (EC) No 470/2009 of the European Parliament and of the Council of 6 May 2009 laying down Community
procedures for the establishment of residue limits of pharmacologically active substances in foodstuffs of animal origin,
repealing Council Regulation (EEC) No 2377/90 and amending Directive 2001/82/EC of the European Parliament and of
the Council and Regulation (EC) No 726/2004 of the European Parliament and of the Council Text with EEA relevance.
OJL 152, 16.6.2009, p. 11-22.

22 Commission Regulation (EU) No 37/2010 of 22 December 2009 on pharmacologically active substances and their
classification regarding maximum residue limits in foodstuffs of animal origin. OJ L 15, 20.1.2010, p. 1-72.
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allow a safe limit to be identified or because a final conclusion concerning human health with regard
to residues of a substance could not be established, given the lack of scientific information.

Article 18 of Regulation (EC) No 470/2009 stipulates that, for substances which are not classified as
“allowed substances” in accordance with that Regulation, an RPA may be established in order to
ensure the functioning of controls for food of animal origin. Food of animal origin containing residues
of such substances at or above the RPA is considered not to comply with Union legislation. Until now,
RPAs have only been based on analytically driven minimum required performance limits (MRPLs),
and no consideration has been given to the toxicological profile of non-allowed substances. The
MRPLs for chloramphenicol and a few other prohibited substances are specified in Annex II of
Commission Decision 2002/657/EC*. For chloramphenicol, an MRPL value of 0.3 pg/kg is specified
for meat, eggs, milk, urine, aquaculture products and honey. Under the terms of Commission Decision
2005/34/EC*, these MRPLs are currently to be used as RPAs, irrespective of the matrix tested, for the
purpose of control of residues when analytical tests are being carried out in the framework of import
control. However, this decision regulated only imports from third countries and did not apply to food
produced within the Union. As a number of products of animal origin originating from Member States
were found to contain chloramphenicol and other prohibited substances below and above the MRPLs,
the European Commission and the Member States agreed to apply the approach laid down in Decision
2005/34/EC, with the necessary changes, also to food of animal origin produced within the Union.
This implies, in particular, that the MRPLs set according to Commission Decision 2002/657/EC shall
also be used as RPAs. This approach, moreover, means that any detection of substances whose use is
not authorised in the Union, regardless of the level found, shall be followed by an investigation into
the source of the substance in question and appropriate enforcement measures applied, in particular
aiming at the prevention of recurrence in the case of documented illegal use (SANCO-
E.2(04)D/521927).

Maximum limits for chloramphenicol in feed or food of non-animal origin, are not specified in the
European Union.

It should be emphasised that chloramphenicol is still authorised according to national legislation in
particular Member States for the treatment of animals not intended for food production and also as a
human drug (e.g. eye ointment).

3. Methods of analysis

3.1. Sampling and storage

Most of the sampling of food, and of related materials, for chloramphenicol testing in foods of animal
origin is undertaken in the context of the national residue monitoring plans as specified in Council
Directive 96/23/EC*, with residue testing undertaken in accordance with Commission Decision
2002/657/EC. For details of the protocols and procedures specified for such sampling and testing, see
Section 4.2.1.

Commission Decision 2002/657/EC states that samples shall be obtained, handled and processed in
such a way that there is a maximum chance of detecting the substance. Sample handling procedures
shall prevent the possibility of accidental contamination or loss of analytes. In the case of
chloramphenicol, the substance may be relatively rapidly metabolised in vitro in tissue samples,
particularly liver, due to oxidation catalysed by the cytochrome P450 (CYP) system followed by phase

2 Commission Decision 2002/657/EC implementing Council Directive 96/23/EC concerning the performance of analytical
methods and the interpretation of results. OJ L 221, 17.8.2002, p. 8-36.

2% Commission Decision 2005/34/EC laying down harmonised standards for the testing for certain residues in products of
animal origin imported from third countries. OJ L 16, 20.1.2005, p. 61-63.

25 http://ec.europa.eu/food/fs/rc/scfcah/biological/rap16_en.pdf

%6 Council Directive 96/23/EC of 29 April 1996 on measures to monitor certain substances and residues thereof in live
animals and animal products and repealing Directives 85/358/EEC and 86/469/EEC and Decisions 89/187/EEC and
91/664/EEC. OJ L 125, 23.5.1996, p. 10-32.
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II glucuronic acid conjugation. To prevent a decrease in chloramphenicol levels, tissue samples may
be frozen, immediately after sampling, and a CYP inhibitor, such as piperonyl butoxide, added during
sample homogenisation prior to residue extraction (Parker and Shaw, 1988; Sanders et al., 1991;
Cooper et al., 1998).

3.2, Determination of chloramphenicol

3.2.1. Extraction and sample clean-up

Extraction of chloramphenicol from sample matrices is most often carried out using solvent extraction,
commonly with ethyl acetate but also using aqueous/solvent mixtures such as dilute salt solution and
acetonitrile. Typically, the solvent extract is subjected to defatting by washing with hexane and further
clean-up is achieved using solid phase extraction (SPE). A wide range of SPE materials are used,
including reversed phase (such as C;s and polymeric sorbents), combination of reversed phase with
normal phase (such as silica or magnesium silicate) and cation exchange. Depending on both the
sample type and/or whether the method is a screening or confirmatory method, fewer or more sample
extract purification steps may be required. For example, in the case of urine samples the defatting step
may be omitted, while for some screening methods simple dilution of a honey sample may be
sufficient.

Other approaches have been applied to extraction/clean-up of chloramphenicol from samples such as
matrix solid phase dispersion (MSPD), supercritical fluid extraction (SFE), immunoaffinity
chromatography (IAC) and molecularly imprinted polymers (MIPs). MSPD and SFE provide
alternative systems to classical solvent extraction for chloramphenicol extraction and clean-up. MSPD
involves intimate mixing of sample and a sorbent, such as C;3 or a MIP, packing into a column and
washing and elution of chloramphenicol from the MSPD column. SFE involves use of solvents under
supercritical conditions to wash and elute chloramphenicol from the sample dispersed on an inert
material with subsequent trapping of the analyte on a sorbent. IAC and MIPs involve use of
chloramphenicol-specific antibodies immobilised on a support material, in the case of IAC, or a
chloramphenicol-specific imprinted polymer, in the case of MIPs, packed into a column to trap the
analyte from the sample extract and allow for washing steps prior to elution of the analyte from the
column.

Examples of the application of these extraction and sample clean-up approaches are described in the
following sections on screening and confirmatory methods.

3.2.2.  Screening methods

Screening methods are designed to identify the possible presence of chloramphenicol in test samples
using relatively simple, rapid and inexpensive techniques. The purpose of such screening methods is to
remove from further investigation those samples that do not contain measurable quantities of
chloramphenicol residues and concentrate confirmatory methods on the relatively small number of
samples that the results of the screening method suggest may contain chloramphenicol residues. Apart
from their relative simplicity, screening methods should measure chloramphenicol residues with
sufficient sensitivity to satisfy the current regulatory requirements, at the MRPL of 0.3 ug/kg
(Commission Decision 2002/657/EC), and should be designed to avoid false compliant results. A wide
range of screening methods have been described for determination of chloramphenicol in liquid and
solid samples (Samsonova et al., 2012; Zaidi, 2013). These screening methods may be grouped into
the categories of microbial inhibition tests, immunoassays (including radioimmunoassays, enzyme-
linked immunosorbent assays (ELISA), immunofiltration card and dipstick assays, biosensors, chip-
based assays), and assays based on direct measurement of chloramphenicol by electrochemistry, and
chromatographic (gas chromatography (GC) and high-performance liquid chromatography (HPLC))
techniques. Certain methods, particularly microbial inhibition tests, some immunofiltration card and
dipstick assays, methods based on capillary electrophoresis and some chromatographic techniques, do
not have sufficient sensitivity and, therefore, are not considered in detail in this opinion.
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Microbial inhibition tests, such as the EC four-plate test (Lynas et al., 1998; Tajik et al., 2010) and the
one-plate method (Koenen-Dierick et al., 1995) for chloramphenicol in tissue samples and some
commercially available tests for chloramphenicol in milk samples (Althaus et al., 2003), are not
sufficiently sensitive to determine chloramphenicol residues in test samples at the MRPL; the
sensitivity of these methods for chloramphenicol was reported to be 300 ug/kg, 30 000 g/kg and
12 000 pg/kg, respectively. The most sensitive microbial inhibition test method was reported by
Shakila et al. (2007) with a sensitivity of 1 ug/kg for shrimp tissue, but this involved an extraction
procedure using a 100-g sample.

Immunoassays have been very widely applied as screening methods for chloramphenicol. Initially,
radioimmunoassays were applied in the 1980s to a range of sample types and had limits of detection
(LODs) of 0.2-5 ng/kg (Arnold et al., 1984; Arnold and Somogyi, 1985; Boertz et al., 1985; Agthe
and Scherk, 1986; Beck et al., 1987; Freebairn et al., 1988). Subsequently, ELISAs, both in-house and
commercial kit methods, have been developed with LODs ranging from 0.1 to 10 pg/kg. Of these,
some of the more sensitive ELISAs are commercial kits for which LODs of < 0.3 ng/kg in seafood,
porcine muscle and kidney, eggs, honey and milk are reported (Impens et al., 2003; Posyniak et al.,
2003; Scortichini et al., 2005; Shen and Jiang, 2005). All of these methods require, as a minimum
sample pre-treatment, solvent extraction and clean-up steps such as SPE and/or defatting with hexane
to achieve LODs close to 0.1 pg/kg.

The sensitivity of the ELISA for chloramphenicol was significantly improved by using a biotin—
streptavidin system (Wang et al., 2010) or fluoroimmunoassay (Li et al., 2006), providing LODs much
lower than the MRPL for chloramphenicol of 0.3 pg/kg.

An immunofiltration/dipstick method for detection of chloramphenicol in milk was reported by Nouws
et al. (1988), with an LOD of 0.1 ug/kg, but this required relatively extensive sample pre-treatment
including deproteinisation, solvent extraction and SPE clean-up.

A number of biosensor-based assays have been developed for chloramphenicol using various systems
for measuring the response due to analyte-antibody interaction. Such biosensors include (a) an
amperometric system using a coated glassy carbon electrode and chloramphenicol labelled with
hydrazine, which was applied to chloramphenicol determination in beef, chicken and pork with an
LOD of 0.045 pg/kg (Kim et al., 2010); and (b) an impedimetric system using a modified gold
electrode that is label-free (change in resistance due to antibody/antigen binding on the electrode
surface is measured), which was applied to chloramphenicol determination in shrimp with an LOD of
0.0016 pg/kg (Chullasat et al., 2011).

The most commonly used biosensor technique validated and applied to analysis of chloramphenicol in
food samples is surface plasmon resonance (SPR). A number of applications of SPR biosensor
technology have been reported for chloramphenicol and chloramphenicol glucuronide in milk (Gaudin
and Maris, 2001), and in honey, poultry and pork tissues and prawns (Ashwin et al., 2005; Ferguson et
al., 2005); reported LOD and/or decision limit (CCa)*’ values were in the range of 0.005-0.1 pg/kg.
Typical sample pre-treatment steps required for SPR analysis range from no pre-treatment for milk
samples, to dilution with buffer for honey samples, to solvent extraction (with or without SPE clean-
up) for tissue samples. Further rapid and enhanced sensitivity (LOD <0.05 pg/kg) for
chloramphenicol determination in honey samples was reported by Yuan et al. (2008, 2009) through
use of large gold nanoparticles (40 nm) for signal enhancement and use of chloramphenicol-
carbamate-PEG-NH, as the covalently bound chloramphenicol derivative, which allows for fast
association/dissociation of the chloramphenicol antibody and does not require surface regeneration of
the sensor chip.

27 CCa is the decision limit at and above which it can be concluded with an error probability of o that a sample is non-
compliant.
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Microarrays allow for simultaneous detection of a number of substances, normally in miniaturised
formats. Peng and Bang-Ce (2006) described a microarray on a glass slide for chloramphenicol,
clenbuterol and tylosin using analyte-specific antibodies and a secondary antibody with a fluorescent
dye. Chloramphenicol, together with the other analytes, was determined in milk, cheese, chicken and
pork with an LOD of 0.03 pg/kg.

Thongchai et al. (2010) described a chemiluminescent technique, with pre-concentration of
chloramphenicol from honey using a MIP, all contained in a microfluidic system, to determine
chloramphenicol at a limit of quantification (LOQ) of 0.008 ug/L.

Gas chromatography with electron capture detection (GC—ECD) methods have been described for
chloramphenicol in porcine tissues (muscle, liver, kidney) and urine with LOD/LOQ values of
0.2/0.3 pg/kg for muscle, 2.0/3.0 pg/kg for kidney and liver and 0.4/0.6 pg/kg for urine (Gude et al.,
1995). More recently, GC-ECD methods for poultry muscle/liver tissues with an LOQ of
0.05/0.1 pg/kg (Zhang et al., 2006), for porcine, bovine, poultry, game and fish muscle with
CCa/detection capability (CCB)*® values of 0.07/0.12 pg/kg (Cerkvenik-Flajs, 2006) and for goat’s
milk with LOD/LOQ values of 0.03/0.10 pg/kg (da Silva et al., 2010) have been published. All of
these methods used solvent extraction (with salt/acetonitrile, basic ethyl acetate and acetonitrile, ethyl
acetate or water), defatting with hexane, clean-up by IAC or SPE and formation of silyl derivatives of
chloramphenicol prior to GC.

High-performance liquid chromatography (HPLC) with ultraviolet (UV) and diode-array detector
(DAD) methods for chloramphenicol, with sensitivity lower than 0.3 pg/kg, include an IAC-based
method for milk samples with a reported LOD of 0.02 ug/L (van de Water et al., 1989) and a method
for fish samples based on solvent extraction coupled with IAC clean-up and detection at 278 nm with
an LOQ of 0.25 pg/kg (Zhang et al., 2013). For animal feed, Vifias et al. (2006) described a method
involving ethyl acetate extraction, SPE clean-up and determination of chloramphenicol by HPLC—
DAD with an LOD of 0.7 pg/kg. A method for feed water, and for milk and honey samples, using a
single-step two-phase extraction system and determination of chloramphenicol by HPLC-UV reported
LOD/LOQ values of 0.3/1.0 pg/L (Han et al., 2011).

3.2.3.  Confirmatory methods

Commission Decision 2002/657/EC specifies the criteria required for confirmatory methods, that is
methods providing unequivocal identification and quantification of the analyte. The confirmatory
method must provide information on the chemical structure of the analyte and, in the case of a non-
allowed pharmacologically active substance, such as chloramphenicol, chromatographic techniques
combined with mass spectrometry (MS) are suitable. For the chromatographic separation, the ratio of
the chromatographic retention time of the analyte to that of the internal standard, i.e. the relative
retention time of the analyte, shall correspond to that of the calibration solution at a tolerance of
+ 0.5 % for GC and + 2.5 % for liquid chromatography (LC). The mass spectrometric detection may
be carried out by recording full mass spectra, for example in an ion trap, or by selected ion monitoring
(SIM) and selected reaction monitoring (SRM), for example in a triple quadrupole MS (Samanidou
and Nisyriou, 2008). Specifications for the type of diagnostic ions that are acceptable, their relative
intensities (for full scan spectra recorded in single MS, a minimum of four ions shall be present with a
relative intensity of > 10 % of the base peak) and correspondence with those of the calibration
standard (maximum permitted tolerances of 20-50 %, depending on the relative intensity to the base
peak) are laid down. The molecular ion shall be included if it is present in the reference spectrum with
a relative intensity of > 10 %. In the case of mass spectrometric techniques other than full-scan, the
system of identification points (IPs) is used for interpretation of the results. For non-allowed
pharmacologically active substances, such as chloramphenicol, a minimum of four IPs are required.
This requirement may be satisfied by application of low-resolution MS (GC-MS, LC-MS), measuring
four mass fragments, or by the very widely used techniques of liquid chromatography—tandem MS

2 CCB is the detection capability, meaning the smallest content of the substance that may be detected, identified and/or
quantified in a sample with an error probability of .
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(LC-MS/MS) and gas chromatography—tandem MS (GC-MS/MS), measuring one precursor ion and
two transition products. If the analyses are performed with high-resolution MS, only two mass
fragments are needed to earn four IPs. In any case, the relative ion intensities have to lie within the
maximum permitted tolerances, which are the same as those described above for analyses in full scan
mode.

A number of GC-MS methods, using negative chemical ionisation MS (NCI-MS), have been
described for chloramphenicol analysis. Two methods are described for chloramphenicol
determination in milk samples, both using acetonitrile extraction, and either defatting with hexane and
silica gel SPE clean-up (LOD/LOQ of 0.025/0.037 ng/L (Fiirst et al., 1988)) or dual SPE clean-up
(CCa/CCP values of 0.083/0.14 ng/kg (Sniegocki et al., 2007)). The former method was applied, also,
to the determination of chloramphenicol in meat and egg samples. A method developed for poultry
muscle and liver used ethyl acetate extraction, defatting by freezing and washing with hexane and SPE
clean-up with an LOD of 0.1 pg/kg (Shen et al., 2009). Two methods are described for determination
of chloramphenicol in urine, using ethyl acetate extraction, SPE clean-up and fractionation by HPLC,
one applied to bovine urine, muscle and egg samples with an LOD of 0.1 ug/kg (van der Heeft et al.,
1991) and the other applied to urine (CCo/CCP values of 0.05/0.3 pg/kg) and shrimp (CCo/CCp
values of 0.05/0.1 ug/kg) (van Rossum et al., 2003). A method for shellfish samples used extraction
with acetonitrile/4 % salt solution (1:1 v/v), defatting with hexane and dual SPE clean-up, reporting
CCao/CCp values of 0.07/0.09 ng/kg (Polzer et al., 2006). SFE, together with in situ derivatisation, was
used to determine chloramphenicol in shrimp with an LOD of <0.02 pg/kg (Liu et al., 2010).
Sanchez-Brunete et al. (2005) described a method for honey using dissolution of the sample in water
and SPE clean-up to obtain LOD/LOQ values of 0.05/0.2 pg/kg, with determination by electron
impact ionisation (EI)-MS. For feed water, Rejtharova and Rejthar (2009) report a method using MIP
with CCa/CCP values of 0.005/0.007 pg/L.

LC-MS/MS has become the most widely used methodology for confirmatory analysis of
chloramphenicol in a broad range of sample types.

An overview of LC-MS/MS methods for determination of chloramphenicol in liquid milk and milk
powders shows a variety of approaches to extraction and clean-up. Simple extraction with acetonitrile
or acetonitrile/salt solution may be used (Renning et al., 2006; Cronly et al., 2010a; Wang et al., 2011;
Freitas et al., 2013) with, in some cases, further clean-up by C;s SPE (Sniegocki et al., 2007), or
extraction with a 10 % trichloroacetic acid solution and clean-up by SPE on a reversed phase
polymeric sorbent (Guy et al., 2004). Other published methods use ethyl acetate extraction with clean-
up either by liquid/liquid partitioning with hexane (Rodziewicz and Zawadzka, 2008) or by MSPD
(Rezende et al., 2012). Centrifugation, to remove fat, has been used followed by extraction and clean-
up using SPE on C;g and on neutral aluminium oxide sorbents (Sorensen et al., 2003) or using a MIP
sorbent (Mohamed et al., 2007). Direct SPE on reversed phase polymeric sorbent has also been used
(Chen et al., 2011). The CCa values reported for these methods range from 0.007 to 0.13 pg/kg and
the CCP values range from 0.01 to 0.21 pg/kg.

Methods for honey and associated products (such as propolis and bee pollen) typically involve
extraction of honey diluted in water with ethyl acetate (Bononi and Tateo, 2008; Taka et al., 2012;
Douny et al., 2013), acetonitrile or acetonitrile/salt solution (Renning et al., 2006; Cronly et al.,
2010a), or methanol/1 % metaphosphoric acid (Fujita et al., 2008). Some methods describe direct
extraction and clean-up of chloramphenicol from honey with C;3 SPE (Bogusz et al., 2004) or use of
Cigs SPE for further clean-up of an ethyl acetate extract (Ortelli et al.,, 2004) or of a
dichloromethane/acetone extract (Forti et al., 2005) of the honey samples. Other methods involve use
of supported liquid—liquid extraction (LLE) on diatomaceous earth cartridges (Kaufmann and Butcher,
2005; Vivekanandan et al., 2005), MIP (Shi et al., 2010) and IAC (Mackie et al., 2013) techniques.
The CCoa. values reported for these methods range from 0.007 to 0.08 pg/kg and the CCp values range
from 0.013 to 0.12 pg/kg.

EFSA Journal 2014;12(11):3907 20



g
- efsam

T P — Chloramphenicol in food and feed

For animal tissues, fish and shellfish and egg samples, extraction with ethyl acetate (Bogusz et al.,
2004), with basic (2 % ammonium hydroxide) ethyl acetate (Zhang et al., 2008) or with acetonitrile
(Renning et al., 2006) is used, together with liquid/liquid partitioning with hexane (Hammack et al.,
2003; Vinci et al., 2005; Yibar et al., 2011; Douny et al., 2013) or with petroleum ether and isooctane
(Tyagi et al., 2008) to remove fat. Further clean-up of the extract is carried out using SPE on silica
(Mottier et al., 2003), on a reversed phase polymeric sorbent (Gikas et al., 2004), on C;g (Gantverg et
al., 2003), on a cation exchange sorbent (Xia et al., 2013) or on graphene (Wu et al., 2012). Other
methods developed for the determination of chloramphenicol in tissue samples include
hexane/chloroform (1:1, v/v) washing to remove fat, followed by MIP extraction and clean-up
(Rejthar et al., 2012), ethyl acetate extraction followed by MSPD (Rezende et al., 2012), and
homogenisation in buffer followed by IAC (Mackie et al., 2013). A method for determination of
chloramphenicol in kidney tissue involved extraction with sodium acetate solution followed by
deconjugation of the chloramphenicol glucuronide metabolite with B-glucuronidase, prior to supported
LLE on a diatomaceous earth column (Kaufmann and Butcher, 2005). Lu et al. (2012) described an
on-line MSPD procedure for extraction and clean-up of soft-shelled turtle tissues. The CCa values
reported for these methods range from 0.01 to 0.15 pg/kg and the CCp values range from 0.02 to
0.26 pg/kg. Cronly et al. (2010b) describe an LC-MS/MS method for prohibited medicinal additives,
including chloramphenicol, in pig and poultry compound feed, validated at a level of 100 pg/kg.

In addition, there are a number of published methods using a single quadrupole MS detector (Ramos et
al., 2003; Takino et al., 2003; van de Riet et al., 2003; Penney et al., 2005; Marghitas et al., 2010;
Ozcan and Aycan, 2013), covering the analysis of samples such as milk, honey, eggs, fish and
shellfish and muscle, liver and kidney tissues, with reported LOD and/or LOQ values generally below
the MRPL of 0.3 pg/kg. A number of methods based on use of an ion-trap detector have been applied
for the determination of chloramphenicol in milk (Gallo et al., 2005), in feed water (Ardsoongnearn et
al., 2014) and in animal feed (Moragues et al., 2012); the method for feed water, using SPE on a
reversed phase polymeric sorbent, reports LOD/LOQ values of 0.01/0.025 pg/L while the method for
feed, using dual extraction with ethyl acetate and C,3 SPE clean-up, reports CCa/CCp values of 6 and
8 ng/kg. Another method used high-resolution MS (HRMS) for determination of chloramphenicol in
pork, poultry and fish products with an LOQ value of 0.1 pg/kg (Xu et al., 2011).

3.3. Analytical quality assurance: performance criteria, reference materials and proficiency
testing

The performance criteria for methods used to test for chloramphenicol are those laid down in
Commission Decision 2002/657/EC for screening and confirmatory methods to be used for Group A
substances. Methods must have satisfactory performance for the characteristics of specificity, trueness,
ruggedness, and stability of the analyte in standard solutions and in test matrices. The methods must be
validated for recovery, repeatability, within-laboratory reproducibility, calibration curves, CCa and
CCpB according to procedures specified in the Decision or equivalent procedures.

The Joint Research Centre—Institute for Reference Materials and Measurements (JRC-IRMM) has
produced a number of reference materials for chloramphenicol in meat. The original certified
reference material (CRM) was BCR-445, a porcine muscle sample produced in 1997 with a certified
chloramphenicol content of 8.9 + 0.9 ug/kg. The concentration of chloramphenicol in this CRM was
relatively high and, therefore, largely unsuitable for method validation and method performance
control for testing at the MRPL of 0.3 pg/kg. In 2010, the JRC-IRMM replaced BCR-445 with a new
CRM, ERM-BB130 which is an incurred porcine muscle material with a certified chloramphenicol
mass fraction of 0.230 = 0.021 pg/kg. A study on the suitability of ERM-BB130 for use as a quality
control tool for screening methods for chloramphenicol was undertaken by Zeleny et al. (2010). While
differences among the assays were observed, in terms of bias, repeatability or goodness of fit, ERM-
BB130 was found to be suitable as a quality control sample for the screening assays.

Several proficiency tests and interlaboratory studies have been reported for chloramphenicol in various
food products. In 2001, the European Union Reference Laboratory (ANSES—EU RL) prepared three
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samples of incurred porcine muscle and a blank sample for distribution to 14 laboratories for analysis
by GC- or LC-MS methods. Three of the laboratories reported false positive results, none reported
false negative results and the Z-scores for the incurred samples were satisfactory (< 2) for all but one
participant; the assigned chloramphenicol contents in the incurred samples were 2.1, 4.9 and 6.5 pg/kg
(Hurtaud-Pessel et al., 2002). In 2006, incurred samples of shrimp, crayfish and prawns were prepared
containing chloramphenicol and distributed to 20 official control laboratories in Germany; the results
obtained were very good, with reproducibility standard deviation for five samples ranging from 17 to
24 % and the median concentrations lying between 0.43 and 0.51 pg/kg chloramphenicol (Polzer et
al.,, 2006). In the United Kingdom (UK), the Food Analysis Performance Assessment Scheme
(FAPAS) provides samples of honey, milk, prawns and animal tissue (bovine kidney) containing
chloramphenicol for testing®.

34. Enantiomeric analyses

A method based on chiral liquid chromatography in combination with tandem mass spectrometric
detection was developed to discriminate between the four (RR, SS, RS, SR) para-stereoisomers of
chloramphenicol (Berendsen et al., 2011a, b), of which, in principle, only the RR-p-chloramphenicol
isomer has antimicrobial properties (Maxwell and Nickel, 1954; Hahn et al., 1954). However, it
remains to be determined whether other stereoisomers than the RR-p-isomer can be expected since,
contrary to the production by bacteria, it is unclear whether the chemical synthesis results in the
selective production of only the RR-p-isomer. The method has been applied to urine samples using
clean-up by SPE and liquid-liquid extraction and separation of isomers on a chiral al-acid
glycoprotein (AGP) LC column with detection by negative electrospray ionisation (ESI) MS/MS;
CCao/CCp values were 0.005/0.13 pg/L (Berendsen et al., 2011a).

4. Occurrence of chloramphenicol

Linked to the previous use of chloramphenicol as a veterinary medicine, most controls on the presence
of chloramphenicol are focused on food of animal origin. However, more recently chloramphenicol
has also been detected in plant material and in food and feed enzymes. Because the current MRPL of
0.3 pg/kg was established in November 2001 (see Section 2), the EFSA Scientific Panel on
Contaminants in the Food Chain (CONTAM Panel) considered occurrence data for samples that were
collected since 2002. It should be noted that some of the studies described in Section 4.1, for studies
reported in the scientific literature, may also be included in the databases described in Section 4.2,
relating to samples taken in national residue monitoring plans.

4.1. Previously reported occurrence data

4.1.1.  Occurrence in plants, feed and food of non-animal origin

Recent data show that chloramphenicol may be present in feed and food of non-animal origin, possibly
due to natural occurrence. Hanekamp et al. (2003) reported the presence of chloramphenicol in a
sample of Spanish white wine at a level of 2.7 ng/L. Berendsen et al. (2010) showed the presence of
chloramphenicol in various herbs (Thalictrum, Artemisia, Thermopsis species) collected in 2006 from
Mongolia, but also herbs bought in the Netherlands (Parusahaan Jamu herbs) or the USA (4rtemisia
frigida). In general, levels were in the range of 0.3-50 pg/kg, but three Mongolian samples contained
substantially higher levels of 160, 175 and 450 ng/kg. Whether these herbs are also sold for direct
consumption or whether such high levels can be expected in other herbs commercially sold is unclear.
A second set of Mongolian samples collected in 2009 also showed the presence of chloramphenicol
but at much lower levels (0.2-3.8 ug/kg). These samples included several grass samples, both leaves
and roots as well as soil samples. Stolker et al. (2012) reported the presence of chloramphenicol in
12 of 21 samples of straw collected in the Netherlands with levels in a range of 0.1-11 pg/kg.
According to Berendsen et al. (2013), another 37 of 104 straw samples, primarily from the
Netherlands, tested positive, with 7 above 0.3 pg/kg, the highest level of which was 6.8 pg/kg.

% http://fapas.com/proficiency-testing-schemes/fapas/
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Nordkvist (2013) examined 209 samples of Swedish straw and detected chloramphenicol in
117 (56 %) of the samples but only in 26 was the level higher than 2 pg/kg. The highest amounts,
about 20 and 32 pg/kg, were found in straw from the south (Skéne) and the east (the Baltic island
Gotland) of Sweden, respectively.

To further examine the origin of the chloramphenicol in herbs and plants, Berendsen et al. (2013)
performed studies demonstrating its natural formation by Streptomyces venezuelae in the soil but also
its degradation by other soil organisms, thus explaining the previously observed presence in soil but at
low levels. When wheat and maize were cultivated under experimental conditions and provided once a
week with water containing chloramphenicol (7.5 or 75mg in 100 mL, added weekly for
10 consecutive weeks), the antibiotic was detected in wheat stems and maize stalks at levels ranging
from several pg/kg to several hundreds of ug/kg. Levels in the spikes and cobs were 30 and 15 times
lower, respectively. Overall, the amount of chloramphenicol that was detected in the plants varied
between 0.001 and 0.19 % of the applied dose. This study offers an explanation for the contamination
of plant materials with chloramphenicol.

4.1.2.  Occurrence in food of animal origin

No comprehensive reviews on the occurrence of chloramphenicol in food of animal origin were
identified in the scientific literature. The information presented below provides examples of the
occurrence of chloramphenicol in food of animal origin. In general, the available information does not
allow for identification of the origin of the chloramphenicol found.

4.1.2.1. Honey and royal jelly

Several studies on the occurrence of chloramphenicol in honey have been conducted. The Food
Standards Agency (FSA, 2002) analysed 16 honey samples collected at retail level in the UK in
January and February 2002 (reporting limit: 0.3 pg/kg). Chloramphenicol was reported in 10 samples
with concentrations ranging from 0.9 to 7.2 pug/kg.

In Belgium, locally produced and imported honeys were analysed in 2002 by ELISA
(LOD = 0.1 pg/kg) and confirmation was performed by LC-MS (LOQ = 0.1 pg/kg). Chloramphenicol
was not detected in the locally produced honeys (n=93) but, for the imported honey, 40 out of
85 samples contained chloramphenicol. Of these 40 positive samples, 31 were from China and the
other nine samples were of unknown origin (Reybroeck, 2003).

Raw honey samples from Argentina (n = 25), Australia (n = 35), Cuba (n = 64), China (n =32) and
Thailand (n = 20) were analysed by LC-MS/MS (both CCo, and CCP were quoted as < 0.1 pg/kg; year
of sample collection not indicated). None of the Australian honeys contained chloramphenicol, while
97 % of the Chinese samples contained chloramphenicol with an average chloramphenicol
concentration of 4.8 ug/kg (range: 0.1-75 ug/kg). Intermediate results were observed for the samples
from Argentina (8 % positive samples, mean concentration 0.1 ug/kg), Cuba (6.3 % positive samples,
mean concentration 0.3 pg/kg) and Thailand (15 % positive samples, mean concentration 1.4 pg/kg)
(Verzegnassi et al., 2003).

Honey samples collected in Switzerland, including honey originating from Asian countries, were
analysed by LC-MS/MS (LOD/LOQ =0.2/0.5 pg/kg; year of sample collection not reported).
Chloramphenicol was detected in 13 of 75 samples (17 %; maximum concentration: 6.0 pg/kg)
(Ortelli et al., 2004).

In India, 17 honey samples originating from different geographical regions were analysed using an
LC-MS/MS method (LOD = 0.05 pg/kg; year of sample collection not reported). Three samples
contained more than 2 pg/kg and six samples contained between 0.3 and 1.7 ug/kg (Vivekanandan et
al., 2005).
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Between 2003 and 2004, 35 royal jelly samples imported into Italy were analysed by LC-MS/MS
(LOD/LOQ = 0.15/0.3 pg/kg). Chloramphenicol was quantified in 83 % of the samples with a mean
concentration of 6.1 pg/kg and the highest chloramphenicol concentration detected was 28 pg/kg
(Calvarese et al., 2006).

Sheridan et al. (2008) analysed 126 honey samples, collected between 2005 and 2007, originating
from 25 countries, by LC-MS/MS (LOD/LOQ = 0.2/0.6 pg/kg). Chloramphenicol was detected in
9 % of the samples and the highest concentration detected was 91 pg/kg. The samples containing
chloramphenicol originated from China, Russia, Georgia and Moldova.

In Italy, Baggio et al. (2009) reported on the analysis of chloramphenicol in honey samples (n = 505)
collected between 2003 and 2007. A first screening was done using ELISA (CCP =0.1 pg/kg) and
positive results were confirmed by LC-MS/MS (CCa/CCB =0.11/0.12 pg/kg). Chloramphenicol was
detected in eight samples and the highest concentration was 20 pg/kg.

Bonvehi and Gutiérrez (2009) reported on 567 Basque honey samples (year of collection not reported)
analysed by a commercial radioimmunoassay kit method (reported CCa = 0.3 pug/kg) and no positive
samples were detected.

Chloramphenicol was detected in three of 12 honey samples analysed with HPLC-DAD
(LOD/LOQ = 0.87/2.92 ng/kg). The samples were collected in July 2009. The positive samples
originated from India (4.4 pg/kg), Australia (3.6 pg/kg) and Switzerland (3.7 ug/kg) (Johnson and
Jadon, 2010).

In Romania, 12 honey samples (year of collection not reported) collected from beekeepers in Romania
were analysed by LC-MS (LOD/LOQ = 0.13/0.27 pg/kg) and chloramphenicol was detected in one
sample (1.4 pg/kg) (Marghitas et al., 2010). In addition, Simion et al. (2011) analysed 82 honey
samples, collected from beekeepers, using ELISA (LOD/LOQ/CCo/CCB not reported). The samples
were collected between 2007 and 2010. Chloramphenicol was detected in three samples, but the
concentrations were below the RPA (range: 0.06-0.212 pg/kg).

4.1.2.2. Milk

In 2002, 27 samples of raw milk were collected in Slovenia and analysed by a GC-ECD method
(CCa/CCP =0.18/0.21 png/kg) and/or an immunoassay (CCa = 0.2-0.25 ug/kg). Confirmation was via
LC-MS (LOD/LOQ =0.1/0.2 pg/kg). Chloramphenicol was detected in two samples (reported
concentrations: 0.5 pg/kg and < 0.2 pg/kg) (Dolajs et al., 2007).

Bilandzi¢ et al. (2011b) reported the results for raw milk samples collected in the framework of the
National Residue Monitoring plan in the Republic of Croatia between 2008 and 2010. Analysis was
carried out using ELISA (LOD/LOQ/CCB =<10.01/<0.01/0.23 pg/kg). In 2008, 299 samples were
analysed for chloramphenicol and a mean concentration of 0.012 pg/L. (maximum concentration:
0.118 ug/L) was reported. For 2009 and 2010, 356 and 146 samples were analysed with mean
concentrations of 0.006 and 0.005 pg/L (maximum concentrations: 0.092 and 0.026 pg/L),
respectively. In addition, in 2011, the same authors collected 119 samples of raw milk in Croatia and
reported a mean concentration of 0.005 pg/L (maximum concentration: 0.05 pg/L) (Bilandzi¢ et al.,
2011a). The CONTAM Panel consider that these data should not be used as a reliable measure for the
occurrence of chloramphenicol in milk since all values reported were below the CCP of 0.23 pg/kg.

In Former Yugoslav Republic of Macedonia (FYROM), 497 raw milk samples collected between 2008
and 2011 were analysed by ELISA (LOD/LOQ/CCB =< 0.01/0.014/0.18 ug/kg). The authors reported
a mean concentration of 0.019 pg/kg (maximum concentration: 0.074 pg/kg) (Dimitrieska-Stojkovic et
al., 2011). The CONTAM Panel consider that these data should not be used as a reliable measure for
the occurrence of chloramphenicol in milk since all values reported were below the CCP of
0.18 pg/kg.
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Azzouz et al. (2011) analysed cow’s milk (n = 13; raw, whole, semi-skimmed and skimmed), goat’s
milk (n=2; whole and semi-skimmed) and powdered milk (n = 2) collected in Spain and Morocco
(year of sample collection not reported). GC—-MS (LOD = 0.0002 ng/kg) was used for the analysis but
no chloramphenicol was detected in any of the samples.

4.1.2.3. Fish and other seafood

Chloramphenicol was measured in 19 fish and shrimp samples collected in China. Chloramphenicol
was detected by GC-ECD (LOD/LOQ = 0.04/0.1 pg/kg, year of sample collection not reported) in
nine samples with the highest concentration being 242 pg/kg (Ding et al., 2005).

Shen et al. (2006) analysed chloramphenicol in 20 shrimp samples collected from local food markets
in China (year of sample collection not reported). Time-resolved fluoroimmunoassay (TR-FIA;
LOD/LOQ = 0.05/0.1 ug/kg) and GC-ECD (LOD/LOQ not reported) were used for the analysis.
Chloramphenicol was detected in six samples using both methods in the range 0.2-13.8 pg/kg
(analysis with TR-FIA) and 0.1-11.3 pg/kg (analysis with GC-ECD). In addition, Li et al. (2006) used
a method based on TR-FIA (LOD/LOQ = 0.04/0.15 ug/kg) to analyse aquaculture tissue samples
(n=35, year of sample collection not reported) from local food markets in China and detected
chloramphenicol in four samples (concentrations not specified).

The Department of Health, Government of South Australia, analysed 17 samples of imported crab
meat using LC-MS/MS (LOD = 0.1 ug/kg, sampling period not reported). Chloramphenicol was
detected in six samples at concentrations between 0.1 and 0.3 pg/kg. A mean middle bound (MB)
concentration of 0.094 pg/kg was reported (Eckert, 2006).

In the framework of a Canadian total diet study, 12 composite samples of marine, freshwater and
canned fish and shrimps were collected between 2002 and 2004. Chloramphenicol was analysed using
LC-MS (LOD = 0.1 pg/kg) and was not detected in any of the samples (Tittlemier et al., 2007).

Seven fish samples were collected in 2010 in Croatia and analysed for their chloramphenicol content
with ELISA (CCB =0.28 ug/kg) and confirmed by LC-MS/MS (CCo/CCB =0.17/0.19 pg/kg). The
mean chloramphenicol concentration was 0.011 pg/kg (maximum concentration: 0.019 pg/kg)
(Bilandzi¢ et al., 2011c). The CONTAM Panel consider that these data should not be used as a reliable
measure for the occurrence of chloramphenicol in fish since all values reported were below the CCp of
0.28 pg/kg.

Samples of fish and other seafood (n = 21) collected by the Brazilian Federal Inspection Services were
analysed using LC-MS/MS (CCao/CCp = 0.04/0.06 ug/kg, year of sample collection not reported), but
no detectable amounts of chloramphenicol were found in any of the samples (Barreto et al., 2012).

4.1.2.4. Meat and meat products

Samples of poultry (n = 33), bovine (n =109) and pig (n =46) meat and of meat products (n=21)
were collected in 2010 in Croatia and analysed for their chloramphenicol content with ELISA
(CCB=0.28 ug’kg) and confirmed by LC-MS/MS (CCo/CCB=0.17/0.19 pg/kg). Mean
concentrations of 0.016, 0.011, 0.016 and 0.004 ng/kg were reported for bovine, pig, poultry meats
and for meat products, respectively. The highest concentration of 0.2 pug/kg was detected in a sample
of bovine meat (Bilandzi¢ et al., 2011c). The CONTAM Panel consider that these data should not be
used as a reliable measure for the occurrence of chloramphenicol in meat and meat products since all
values reported were below the CCJ of 0.28 pg/kg.

4.2. Current occurrence results

4.2.1. Data sources

Data on occurrence of chloramphenicol in food and feed are not currently collected by EFSA. The
only data on chloramphenicol present in the EFSA Chemical Occurrence database had been
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voluntarily submitted during the year 2012 by the Czech Republic, and contained 460 entries on
animals and animal products. All of these data were left censored (values below the LOD or LOQ).
The data provider confirmed that these same data were also submitted to the EC’s database on residues
of veterinary medicines, relating to the National Residue Monitoring Plan (see below). For this reason,
they were not further analysed for the purposes of this opinion.

4.2.1.1. National Residue Monitoring Plans

Council Directive 96/23/EC on measures to monitor certain substances and residues thereof in live
animals and animal products requires that Member States should draft a national residue monitoring
plan for the groups of substances detailed in Annex I. These plans must comply with the sampling
rules in Annex IV of the Directive. Chloramphenicol is in the Group A6 of prohibited substances, as
listed in Table 2 of Commission Regulation (EU) No 37/2010%, for which MRLs cannot be
established. These substances are not allowed to be administered to food-producing animals.

The minimum number of each species of animal to be controlled each year for all kinds of residues
and substances is specified as a proportion of the animals of each species slaughtered in the previous
year. In the case of Group A substances, substances having anabolic effect and unauthorised
substances, a proportion of the total samples taken are to be from live animals or related materials
(feed, drinking water, urine, faeces, etc.) on farms and the remainder of the samples are to be taken at
the slaughterhouse. Each subgroup of Group A, such as Group A6, which includes chloramphenicol,
must be checked each year using a minimum of 5 % of the total number of samples to be collected for
Group A. Sampling under the national residue monitoring plan should be targeted; samples should be
taken on-farm and at slaughterhouse level with the aim of detecting illegal treatment.

Member States submit data on the occurrence of non-compliant results determined in the residue
monitoring, including for chloramphenicol, to the European Commission’s database on residues of
veterinary medicines’'. Data on occurrence of chloramphenicol in food have been extracted from the
EC’s database on residues of veterinary medicines. This database contains the annual sampling plan
and the results from 2004 onwards™ provided by all Member States. The results are reported as
aggregate data with the following level of detail:

e animal category and animal products: bovines, pigs, sheep and goats, horses, poultry,
aquaculture, milk, eggs, rabbit, farmed game, wild game and honey;

e production volume;

e sampling strategy: targeted, suspect, import and others;

e number of samples analysed for each substance group as defined in Annex I of Council
Directive 96/23/EC and for each animal category or animal product;

e number of non-compliant results within each substance group or subgroup and within each
animal category or animal product;

e place of sampling: farm or slaughterhouse.

However, there is no indication of the sample matrix tested (muscle, blood, urine, kidney, fat, etc.) and
no concentration for the chemical residue or contaminant detected in the sample is provided. In
addition, the number of samples analysed for the individual substances are reported by the Member
States only if there is at least one non-compliant sample for the substance in question. Where all
samples are compliant, the number of samples analysed is not reported. Furthermore, where controls

30 Formerly Annex IV of Council Regulation (EEC) No 2377/90 of 26 June 1990 laying down a Community procedure for
the establishment of maximum residue limits of veterinary medicinal products in foodstuffs of animal origin. OJ L
224,18.8.1990 p. 1-8.

3! https://webgate.ec.europa.eu/residues/index.cfm

32 The results for the year 2013 currently present in the EC’s database are provisional and will be complete and available at
the end of 2014.
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are carried out at farm and slaughterhouse, the total number of samples recorded may refer either to
samples taken at farm or at slaughterhouse depending on where the non-compliant samples were
found, and this may be on a substance group basis rather than on the individual substance basis. Where
non-compliant samples were found at both farm and slaughterhouse, the number of samples represents
the sum of samples taken at both sampling points.

Data on chloramphenicol reported by Member States during 2002 and 2003 have been extracted from
the Commission staff working papers on the implementation of national residue monitoring plans in
the Member States in 2002 and 2003. Unfortunately, data presented in these papers are not consistent
with the reports for the following years. The number of samples analysed for each food category
represents, in most cases, the total of samples for all prohibited substances. Only for the food
categories of bovine, pigs, poultry and sheep and goats does the number of samples represent those
analysed only for the Group A6 substances, which includes chloramphenicol.

4.2.1.2. Rapid Alert System for Food and Feed

In addition, the CONTAM Panel considered the Rapid Alert System for Food and Feed (RASFF)
database for information on occurrence of chloramphenicol in food and feed. Searches in the RASFF
database were performed for the hazard category “veterinary residues — chloramphenicol” that had
been notified between 1 January 2002 and 31 December 2013.

Notifications are provided by Member States when non-compliant samples for a contaminant are
found, and quantified values are also provided. However, information on the total number of samples
analysed, the number of compliant samples and the concentrations and the type of analysis undertaken,
was rarely provided.

4.2.2. Distribution of samples across food categories and feed

4.2.2.1. National Residue Monitoring Plans

In the period 2002-2012, 768 734 targeted samples were analysed for Group A6 prohibited
substances, including chloramphenicol, by the European Member States. The number of targeted
samples analysed for Group A6 prohibited substances through the years were 70 412 for 2002, 90 887
for 2003, 65999 for 2004, 61 119 for 2005, 68 975 for 2006, 68 450 for 2007, 57 671 for 2008,
66 971 for 2009, 70 828 for 2010, 73 258 for 2011 and 74 164 for 2012. For chloramphenicol, the
results in the residue database are:

e There were 306 targeted samples reported to be non-compliant for chloramphenicol
distributed across the years, as shown in Table 1.

o The animal species in which chloramphenicol was mostly reported were pigs, poultry and
bovines with 91, 74 and 68 non-compliant cases, respectively. Other categories for which non-
compliant samples were reported include aquaculture, sheep/goats, rabbit, farmed game,
honey and milk (Table 1).
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Table 1

: Distribution of non-compliant samples (targeted sampling) for chloramphenicol across

years reported in the European Commission’s database on residues of veterinary medicines (total

number of samples analysed for chloramphenicol not reported)
C Year
AeZOTY  Tr002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 °
Bovines 9 6 12 8 9 6 9 2 2 3 2 68
Poultry 2 4 18 11 11 7 5 9 3 3 1 74
Aquaculture 1 1 2 3 1 3 1 1 13
Sheep/goats 1 2 5 1 1 1 1 15
Rabbit 3 2 2 1 8
Pigs 13 6 7 4 13 15 6 10 6 1 10 91
Farmed game 1 1 2
Honey 1 1 1 1 4
Milk 2 5 2 4 9 1 3 3 1 1 31
4.2.2.2. Rapid Alert System for Food and Feed

The findings in the RASFF database for chloramphenicol are shown below:

There were 440 notification events® reported and distributed across the years as seen in Table
2.

There were 402 notification events reported for food and 38 for feed products (Table 2).

The notifications for food covered the following product categories: cephalopods and products
thereof, confectionery, crustaceans and products thereof, dietetic foods, enzyme-based food
supplements, fortified foods, farmed crustaceans and products thereof’!, farmed fish and
products thereof (other than crustaceans and molluscs)™, fish and fish products, food additives
and flavourings, honey and royal jelly, meat and meat products (other than poultry), milk and
milk products, other food products/mixed, poultry meat and poultry meat products, prepared
dishes and snacks, wild-caught crustaceans and products thereof*!, wild-caught fish and
products thereof (other than crustaceans and molluscs)™.

The notifications for feed affected the following product categories: animal nutrition®*
compound feeds, feed additives, feed for food-producing animals®, feed materials, feed
premixtures and milk and milk products.

There were 24 notification events reported for enzyme concentrates, enzyme preparations or
target food containing enzyme preparations; 19 for food and five for feed, all of them during
the year 2013.

— One notification event (reference number 2013.1222) is reported as a food additive and
flavouring and concerns a bread production intermediate based on an enzyme preparation
containing cellulase. The concentration of chloramphenicol (1 900 pg/kg) was reported as
analysed in the enzyme preparation and calculated as 0.38 pg/kg in the bread production
intermediate. Based on the quantity of the intermediate product added to baked goods, it
was foreseen that the target foods would contain traces of chloramphenicol significantly
below the LOD of the officially recognised analytical methods.

— Three of the 24 notification events concern enzyme-based food supplements containing
enzyme concentrates/enzyme preparations. One of the events (reference number
2013.1544), concerns a supplement in which the origin of the chloramphenicol was the

33 The total number of notification events is not the sum of the total number of notifications, because one notification event
may include more than one notification. Notification events include alerts, border rejections, information, information for

attentio

n, information for follow-up and news.

3* This product category is no longer used in the RASSF database.
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cellulose enzyme concentrate. The concentration of chloramphenicol is reported as
7 600 pg/kg in the enzyme concentrate and as 1 800 pg/kg in the final product. Another
event (reference number 2013.1503) concerns a supplement containing a mixture of
different enzyme concentrates i.e. pectinase, glucoamylase, protease, f-glucanase, lipase,
galactosidase, xylanase, cellulase, amylase and invertase. The concentration of
chloramphenicol was only reported in the final product and was 18 ug/kg. The last event
(reference number 2013.1685) is reported as “other food products/mixed” in the
notification event, but it refers to an enzyme-based food supplement. The origin of
chloramphenicol was the enzyme preparation that was used for the manufacturing of the
supplement. The type of enzymes present in the supplement were: protease, amylase,
amyloglucosidase, lipase, cellulase, lactase and pectinase. The concentration of
chloramphenicol was reported as 9.4 pug/kg in the enzyme preparation.

— Two notification events relate to enzyme preparations containing pectinase. In the first
(reference number 2013.1207), the pectinase enzyme concentrate had chloramphenicol
concentration values in the range 2 100-31 400 pg/kg. Based on these figures, the content
of chloramphenicol in the enzyme preparation was calculated to be between 500 and
5000 pg/kg. Taking into consideration the highest concentration value of pectinase in the
enzyme concentrate and its content in the enzyme preparation, it was calculated that the
concentration of chloramphenicol would be below 0.3 pg/kg in the target foods, namely
wine and juices. In the second event (reference number 2013.1284) the concentration of
chloramphenicol was reported as 92 pg/kg in the enzyme preparation.

— One notification event (reference number 2013.1272) relates to a pectinesterase enzyme
preparation used in juices. The concentration of chloramphenicol in the two samples of the
enzyme concentrate analysed was 519 and 180 pg/kg. For the latter sample, the
concentration of chloramphenicol in the enzyme preparation was calculated to be
10.8 ug/kg.

— Three notification events relate to enzyme preparations containing amylase. The target
foods for this type of enzyme are bread and fine bakery ware products. In the first event
(reference number 2013.1163), the range of chloramphenicol concentrations was
23-150 ug/kg in an enzyme preparation used as a pre-baking mix. No chloramphenicol
was detected from analysis of the target foods. In the second event (reference number
2013.1195), the chloramphenicol concentrations in the two samples analysed were 8.7 and
45 pg/kg in an enzyme preparation used in bakery products. Calculations based on the
recommended inclusion levels of the enzyme preparation in the target food indicated that
chloramphenicol would be significantly below the LOD in the target foods. In the third
event (reference number 2013.1364), the concentration of chloramphenicol in an amylase
enzyme concentrate was reported as 4.2 pg/kg and 0.69 pg/kg in the baking premixture.
The calculated concentration of chloramphenicol in the target food was below the LOD.

— One notification event (reference number 2013.1620) relates to a lactase enzyme
preparation. The chloramphenicol concentration in the lactase concentrate for the two
samples analysed was 47 and 160 pg/kg. The target foods for this type of enzyme are
lactose-free milk and dairy products.

— One notification event (reference number 2013.1212) relates to an enzyme preparation
containing glucanase. The chloramphenicol concentration was reported as 409 pg/kg in
the glucanase enzyme concentrate and 230 pg/kg in the enzyme preparation. The target
food of the enzyme preparation are fruit juices, wines, bread and fine bakery wares.

— Two notification events relate to the papain enzyme concentrate. In the first (reference
number 2013.1418), the chloramphenicol concentration in refined papain was reported as
21 pg/kg. In the second (reference number 2013.1425), the chloramphenicol concentration
in crude papain was reported as 0.5 pug/kg. The target foods for which these enzyme
concentrates are used are beef, bakery ware and beer.
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— Four notification events relate to enzyme preparations containing xylanase. In the first
event (reference number 2013.1150), the chloramphenicol concentration range was
55-860 ng/kg in the xylanase enzyme concentrate and, when applying a dilution factor of
0.004, this results in a concentration of 0.98 pg/kg in the enzyme preparation used as a
processing aid in bread and biscuits. According to the recommended use levels of the
enzyme preparation (5 to 50 mg/kg of bread), the calculated concentration of
chloramphenicol in the target foods ranged from 0.00017 to 0.01582 pg/kg. In the second
event (reference number 2013.1154), the concentration of chloramphenicol was reported
as 4 500 pg/kg in the xylanase enzyme concentrate, amounting to a concentration range of
90-430 pg/kg in the enzyme preparation used in the bakery industry. In the third event
(reference number 2013.1312), the concentration of chloramphenicol was 7.48 pg/kg in
the enzyme preparation. In the last event (reference number 2013.1537) the
chloramphenicol concentration was 7 pg/kg in xylanase enzyme concentrate.

— One notification event (reference number 2013.1432) relates to a bread product
intermediate based on enzyme preparations without specifying their identity. The
concentration of chloramphenicol was reported as 0.73 ug/kg in the bread product
intermediate.

— There are five notification events for feed relating to enzyme preparations. The first event
(reference number 2013.1017) concerns an enzyme preparation containing a mixture of
xylanase, hemicellulase and protease. The chloramphenicol concentration range for the
xylanase enzyme concentrate was 1.35-672.07 pg/kg and for the hemicellulase was
2.97-319.97 ng/kg. Protease enzyme concentrate gave two negative results and one value
below 0.3 pg/kg (0.16 pg/kg). The chloramphenicol concentration range in the enzyme
preparation was 0.13-9.07 ug/kg. The second event (reference number 2013.1148) is
related to the first one, but was recorded as a separate notification because of the different
origin of the raw material. It concerns an enzyme preparation containing a mixture of
cellulase, lipase and xylanase. The concentration of chloramphenicol was 735 and
>1000 pg’kg in the two samples of cellulase enzyme concentrate analysed and
0.37 pg/kg in the xylanase enzyme concentrate. Chloramphenicol was not detected in the
lipase enzyme concentrate. The third event (reference number 2013.1292) relates to a
xylanase enzyme concentrate and enzyme preparation. The chloramphenicol concentration
range in the xylanase enzyme concentrate was 27-47 000 pg/kg. A concentration of
6 ng/kg was reported for one sample of the xylanase enzyme preparation. The fourth event
(reference number 2013.1134) relates to an enzyme preparation containing B-glucanase
and xylanase. The concentration of chloramphenicol was 59 pg/kg in the enzyme
preparation. The last event (reference number 2013.1077) relates to a xylanase enzyme
concentrate. The concentration of chloramphenicol in the two samples analysed was 8 and
380 pg/kg and the calculated concentration of chloramphenicol in the compound feed was
below the LOD.
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Table 2:  Distribution of the Rapid Alert System for Food and Feed notifications for chloramphenicol for 2002-2013

Year
Category 200220032004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Cephalopods and products thereof 1
Confectionery 2
Crustaceans and products thereof 92 6 11 1 2 5 2 2 7 1 5
Dietetic foods, food supplements, fortified foods 2 1 3®
Farmed crustaceans and products thereof 3 1
Farmed fish and products thereof (other than crustaceans and molluscs) 1 1
Fish and fish products 10 1 1 1 3 1 2 2
Food additives and flavourings ®
Honey and royal jelly 34 17 7 25 7 1 3
Meat and meat products (other than poultry) 9 12 1 2 3 2 3 1 3 9
Milk and milk products 19 10 6 1 1 1
Other food products/mixed 1 16©
Poultry meat and poultry meat products 4 2 4 1 1 1
Prepared dishes and snacks 1
Wild-caught crustaceans and products thereof 7 12
Wild-caught fish and products thereof (other than crustaceans and 1
molluscs)
Feed 21 3 3 3 2 1 5@
Total 201 68 34 28 16 13 12 6 5 15 12 30

(a): Two notification events relating to the category “dietetic foods, food supplements, fortified foods” refer to an enzyme used as a raw material for the production of the products notified.

Information on the concentration of chloramphenicol is only available for one of them.
(b): The notification event concerns an enzyme preparation.
(c): All notification events relating to the food category “other food products/mixed” refer to enzyme preparations. For one of them, the target food is an enzyme-based food supplement.
(d): All notification events for feed relate to enzyme preparations.
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4.3. Food and feed processing

4.3.1.1. Food processing

The effect of cooking and cold storage on chloramphenicol residues in bovine meat was studied by
O’Brien et al. (1981). A microbiological assay was used for the analysis (LOD not reported). Steaks
were grilled for 10, 20 or 30 minutes. A maximum temperature between 30 and 56 °C was attained in
steaks that were grilled for 10 minutes and a reduction of the annular zone diameter of between 0 and
7.1 % was observed. For grilling times of 20 and 30 minutes, maximum temperatures of 58—75 °C and
77-82 °C were attained and reductions of the annular zone diameter of 14.2-50 % and 27.3-61 %,
respectively, were observed. Roasts were cooked for two hours at 190 °C. The maximum temperature
in the centre of the roast was 51-87 °C, and 87-101 °C at the outer layer of the roast. The reductions
of the annular zone diameter at the outer layer, at mid-depth and at the centre of the roast were
55.2-75%, 42.8-100% and 37.4-74 %, respectively. The influence of cold storage on
chloramphenicol concentrations was studied by storing muscle tissue at 4 and —20 °C. Storage at 4 °C
resulted in reductions of the annular zone diameter of 85.4-100 % after two weeks, and 100 % after
four weeks. At —20 °C, no reductions of the annular zone diameter were observed after 2, 4, 6 and
77 weeks, while reductions of 0-32 % and 73.3-100 % were reported after 12 and 24 weeks of
storage, respectively.

Costa et al. (1993) studied the stability of chloramphenicol residues in rabbit muscle during storage
and cooking. Sample extracts were analysed using HPLC-UV (LOD =1 pg/kg) and confirmation was
performed by GC-MS. Storage of rabbit meat for 30 days at —20 °C had no influence on the
chloramphenicol concentration (650 ug/kg vs. 710 pg/kg, the concentration before storage). The
chloramphenicol concentration was reduced to 60 pug/kg (91.6 % reduction) when the meat was stored
at —20 °C for 30 days and afterwards boiled for one hour. No chloramphenicol was detected in the
boiling water. After roasting for 30 minutes at 100 °C, no effect on the chloramphenicol concentration
was observed (640 ug/kg), while at 160 °C the concentration was decreased to 270 pg/kg (59 %
reduction). Following 30 minutes roasting at 220 °C, no chloramphenicol was detected (< 1 pg/kg).

Shakila et al. (2006) studied the effect of heat treatments on chloramphenicol concentrations in
shrimps using a microbial assay with Photobacterium leiognathi, which has a minimum detection
level of 1 pg/mL. Blended shrimps were spiked at a concentration of 5 000-10° pg/kg and heated in
test tubes. Boiling shrimps at 100 °C for 10, 20 and 30 minutes resulted in chloramphenicol reductions
of 6, 12 and 29 %, respectively. Pressure-cooking at 121 °C for 10 and 15 minutes resulted in
reductions of 9 and 16 %, respectively. The CONTAM Panel noted the high chloramphenicol
concentrations that were used and the long heating conditions which are not representative for the
preparation of shrimps for human consumption. Therefore, the Panel considered these data not suitable
to indicate the effect of cooking on chloramphenicol levels in shrimps.

Besides the temperature and duration of the heat treatment, the matrix also has an influence on the heat
stability of chloramphenicol. Franje et al. (2010) studied the stability of chloramphenicol at 100 °C
during different heating times in water, salted water, soybean sauce and blended chicken meat. The
samples were analysed by capillary electrophoresis with UV-DAD detection (LOQ = 2.5 ug/mL) and
samples were spiked at final concentrations of 50 and 100 pg/mL. The heat stability of
chloramphenicol in the different matrices was ranked as follows: water > salt water > soybean sauce
> meat. The influence of the duration of the heat treatment on chloramphenicol reduction was also
investigated in this study. It was shown that microwave heating of chloramphenicol in water for
5 minutes has a similar effect as 30 minutes’ boiling. GC-EI-MS analysis was used to structurally
identify different degradation products after heating chloramphenicol in water and meat and four
structures were proposed by the authors. The structures of the proposed compounds differ from the
metabolites that are known to be involved in the toxic actions of chloramphenicol (see Section 7.1.1).

The influence of emulsifying, curing and heating on chloramphenicol concentrations in pork meat was
studied by Epstein et al. (1988). Chloramphenicol was quantified using GC-ECD (LOD/LOQ not
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reported). Emulsifying and curing under chilled conditions reduced chloramphenicol from an initial
concentration of 48.4 pg/kg to 21.9 and 10.6 pg/kg, respectively. When the emulsified and cured meat
was further processed in casings at 68 °C or canned and heated at 122 °C, chloramphenicol was not
detected (< 5 pg/kg).

In addition to the studies on heat treatments, the stability of chloramphenicol under cooling conditions
was studied. Storage of spiked chicken muscle (14.7 + 0.58 pg/kg; mean =+ standard deviation) at 4 °C
for five days caused no change in chloramphenicol concentration (14.2 + 0.38 pg/kg), and similar
results were observed for spiked milk stored at 4 °C for 11 days (7.1 £0.41 ug/kg on day O vs.
7.6 £ 0.21 pg/kg on day 11). In addition, storage at —18 °C for 30, 60 and 90 days did not result in a
reduction of chloramphenicol in chicken muscle (14.8 £ 0.26 ng/kg on day 90). Storage of milk at
—18 °C resulted in chloramphenicol concentrations of 5.4 + (.13 after one and six months of storage,
compared with 7.1 + 0.41 pg/kg on day 0. Analysis was performed by HPLC-DAD (LOD = 2 (meat)
and 0.4 pg/kg (milk)) (Ramos et al., 2003).

Cheng et al. (2012) studied the influence of the processing steps preheating, filtration, vacuum
concentration and pasteurisation on the chloramphenicol concentration in spiked honey (7 pg/kg). A
total reduction of 14 % occurred, of which 9.9 % was caused by vacuum concentration. In addition,
several macroporous adsorption resins were tested for their ability to adsorb chloramphenicol from
honey and adsorption rates up to 86 % were observed. A commercial ELISA kit was used for the
analysis (LOD = 0.05 pg/kg).

Overall, only limited information about the effect of food processing on chloramphenicol is available;
some decrease in chloramphenicol has been reported as well as the production of degradation
products, but the toxic potential of these compounds is unclear.

4.3.1.2. Feed processing

The natural occurrence of chloramphenicol in animal feed and the presence of chloramphenicol in feed
enzymes added to compound feed have only recently been discovered, and no studies on the influence
of feed processing (e.g. silage fermentation of grass, elevated temperatures and pressure in compound
feed production) on chloramphenicol were identified.

5. Food and feed consumption

5.1. Food consumption

The EFSA Comprehensive European Food Consumption Database (Comprehensive Database) was
constructed in 2010 from existing detailed national information on food consumption. Competent
authorities in the European countries provided EFSA with data from the most recent national dietary
surveys in their countries at the level of consumption by the individual consumer. These included food
consumption data concerning infants (two surveys from two countries), toddlers (eight surveys from
eight countries), other children (16 surveys from 14 countries), adolescents (14 surveys from
12 countries), adults (21 surveys from 20 countries), the elderly (nine surveys from nine countries) and
the very elderly (eight surveys from eight countries) for a total of 32 different dietary surveys carried
out in 22 different countries. Surveys on children were mainly obtained through the Article 36 project
“Individual food consumption data and exposure assessment studies for children” (acronym
EXPOCHI) (Huybrechts et al., 2011).

Overall, the food consumption data gathered at EFSA in the Comprehensive Database are the most
complete and detailed data currently available in the EU. However, consumption data were collected
using different methodologies and thus they are not suitable for direct country-to-country comparison.

5.1.1. EFSA’s Comprehensive European Food Consumption Database

As suggested by the EFSA Working Group on Food Consumption and Exposure (EFSA, 2011a),
dietary surveys with only one day per subject were not considered for the calculation of chronic
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dietary exposure, as they are not adequate to assess repeated exposure. Similarly, subjects who
participated for only one day in dietary studies, when the protocol prescribed more reporting days per
individual, were also excluded for the chronic dietary exposure assessment. Therefore, for chronic
dietary exposure assessment, food consumption data were available from 26 different dietary surveys
carried out in 17 different European countries. These included infants from 2 surveys (2 countries),
toddlers from 7 surveys (7 countries), other children from 15 surveys (13 countries), adolescents from
12 surveys (10 countries), adults from 15 surveys (14 countries), the elderly from 7 surveys
(7 countries) and the very elderly from 6 surveys (6 countries) (Appendix A, Table Al).

Within the dietary studies, subjects were classified in different age classes as defined below:

e Infants: <12 months old

e Toddlers: > 12 months to < 36 months old
e Other children: > 36 months to < 10 years old

e Adolescents: > 10 years to < 18 years old

e  Adults: > 18 years to < 65 years old

e Elderly: > 65 years to < 75 years old

e Veryelderly: > 75 years old

Consumption records were coded according to the FoodEx classification system, which was developed
by the DATA Unit in 2009 (EFSA, 2011a).

The dietary surveys considered for the chronic dietary exposure assessment and the numbers of
subjects in the different age classes are presented in Appendix A, Table Al. Further details on how the
Comprehensive Database is used are found in the Guidance of EFSA (2011b).

5.2. Feed consumption

The CONTAM Panel considered the consumption of compound feed because of the occurrence of
chloramphenicol in feed enzymes (see Section 4.2.2).

Approximately 150 million tonnes of compound feeds are produced annually in the EU (FEFAC,
2012). Feed enzymes are used in nearly all poultry and pig compound feeds, but rarely in feed for
ruminants (complementary feed, silage). Therefore, only poultry and pigs were considered for the
exposure to chloramphenicol via compound feed. The CONTAM Panel considered all feed consumed
by pigs and poultry to be compound feed. Table 3 shows feed intakes proposed by EFSA FEEDAP
Panel (2012).

Table 3:  Live weights and feed intakes of pigs and poultry (EFSA FEEDAP Panel, 2012)

Animal Live weight (kg) Feed intake (kg per day)
Piglets 20 1

Pigs for fattening 100 3

Sows 200 6

Chickens for fattening 2 0.12

Laying hens 2 0.12

Turkeys for fattening 12 0.4

Ducks 3 0.14
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6. Dietary exposure assessment in humans and animals
6.1. Dietary exposure assessment of chloramphenicol in humans

6.1.1.  Previously reported human dietary exposure assessments

Bilandzi¢ et al. (2011b) estimated the dietary exposure to chloramphenicol from raw milk using
occurrence data collected between 2008 and 2010 (see Section 4.1). Based on an average milk
consumption of 300 mL per day for adults and mean chloramphenicol concentrations, an average
exposure of 0.4 ng/kg b.w. per day from raw milk was estimated. For occurrence data collected in
2011, a mean daily exposure to chloramphenicol from raw milk of 0.28 ng/kg b.w. per day was
estimated (Bilandzi¢ et al., 2011a). Because all reported concentrations of chloramphenicol in milk
were below the CCJ value for the method, the CONTAM Panel do not consider that these data may be
used to provide a reliable estimate for the exposure to chloramphenicol from milk.

A similar estimation was done by Dimitrieska-Stojkovic et al. (2011) using occurrence data in raw
milk collected between 2008 and 2011 in FYROM (see Section 4.1). Based on a daily average milk
consumption of 200 mL for adults, an average dietary exposure of 0.74 ng/kg b.w. per day from raw
milk was estimated. Because all reported concentrations of chloramphenicol in milk were below the
CCpB value for the method, the CONTAM Panel do not consider that these data may be used to provide
a reliable estimate for the exposure to chloramphenicol from milk.

The Department of Health, Government of South Australia, estimated dietary exposure to
chloramphenicol from the consumption of imported crab meat. It was estimated that an average
consumer of crab has an intake of 3.4 ng per day and a high consumer 9 ng per day, using the mean
concentration of 0.094 pg/kg in crab meat (Eckert, 2006).

In 2003, JECFA estimated the chloramphenicol dietary exposure from shrimps. Based on a median
concentration of 0.5 pg/kg in shrimps and a high consumption level of seafood of 3.9 g/kg b.w. per
day, exposure was estimated to be 2 ng/kg b.w. per day. JECFA noted that other products of animal
origin could also occasionally contain chloramphenicol (FAO/WHO, 2004a).

In addition, several national agencies evaluated the dietary exposure from specific foods in which
chloramphenicol had been detected (see Section 1.1).

6.1.2.  Dietary exposure to chloramphenicol for different scenarios

Only limited chloramphenicol occurrence data in food were available for this opinion (see Section
4.2). Therefore, the CONTAM Panel concluded that these data are too limited to carry out a reliable
human dietary exposure assessment. Instead, the CONTAM Panel calculated the hypothetical human
chronic dietary exposure using the RPA value of 0.3 ug/kg for four scenarios;

e scenario 1, in which all foods of animal origin are contaminated with chloramphenicol (meat
and meat products, fish and other seafood, milk and dairy products and honey);

e scenario 2, which includes foods in which enzyme preparations, reported to be contaminated
with chloramphenicol, may be used during food production (beef, bread and rolls, fine bakery

wares, wine and wine-like drinks, fruit juices and mixed fruit juices);

e scenario 3, which includes grains and grain-based products in which chloramphenicol could
occur naturally;

e scenario 4, the combination of scenarios 1, 2 and 3.
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The CONTAM Panel emphasises that these scenarios represent the worst-case situations in which all
food covered by each scenario are contaminated with chloramphenicol at the RPA, a highly unlikely
situation.

For calculating the chronic dietary exposure to chloramphenicol, food consumption and body weight,
data at the individual level were accessed in the Comprehensive Database. Exposure was calculated by
multiplying the occurrence concentration of 0.3 pg/kg () for each food or food group (f belonging to
F sets of food groups) with their respective consumption amount (cgq;) per kg b.w. (bw;) separately for
each individual (i belonging to I set of individuals) in the database, calculating the sum of exposure for
each survey day (d belonging to D; set of days surveyed for an individual 1) and then deriving the daily
average for the survey period (the operation |Dj| represents the number of days in the survey of each
individual).

The method used can be described according to the following equation calculating the individual
exposure:

Z Z 5f 'Cf,d,i

deDi feF

EI, =
D

-bw,

Mean and 95™ percentile chronic dietary exposure were calculated for the total population separately
for each survey and age class using consumption data at individual level from the Comprehensive
database (see Section 5.1.1) and for all four scenarios. Chronic dietary exposure estimates were
calculated for 26 different dietary surveys carried out in 17 different European countries. Not all
countries provided consumption information for all age groups, or in some cases the same country
provided more than one consumption survey. In accordance with the specification of the EFSA
Guidance on the use of the Comprehensive Database (EFSA, 2011b), 95" percentile estimates for
dietary surveys/age classes with less than 60 observations may not be statistically robust and therefore
they should not be considered in the risk characterisation. For each age group, Table 4 provides the
minimum, median and maximum of the mean and 95" percentile chronic dietary exposure values
across European countries and dietary surveys. The mean chronic dietary exposure to chloramphenicol
would range for scenario 1 from 1.1 to 23 ng/kg b.w. per day, for scenario 2 from 0.4 to 7.0 ng/kg b.w.
per day, for scenario 3 from 0.5 to 3.2 ng/kg b.w. per day, and for scenario 4 from 2.2 to 24 ng/kg b.w.
per day. The 95" percentile chronic dietary exposure to chloramphenicol would range for scenario 1
from 2.4 to 31 ng/kg b.w. per day, for scenario 2 from 1.7 to 12 ng/kg b.w. per day, for scenario 3
from 1.1 to 5.9 ng/kg b.w. per day, and for scenario 4 from 4.4 to 35 ng/kg b.w. per day.

Table 4: Summary statistics for the chronic dietary exposure assessment (ng/kg body weight per
day) of chloramphenicol estimated by age class for different scenarios. The minimum, median and
maximum of the mean and 95™ percentile exposure values across European countries and dietary
surveys are shown.

Age class Number Scenario 1® Scenario 2 Scenario 3 Scenario 49
of Min Median Max Min Median Max Min Median Max Min Median Max
surveys

Mean chronic dietary exposure (average consumer)

Infants 2 5.6 -© 23 0.4 -© 1.7 0.5 -© 1.0 7.6 -© 24
Toddlers 7 7.1 9.8 13 1.3 3.1 7.0 1.8 2.5 32 11 15 17
Other 15 24 6.6 11 1.9 29 5.1 1.5 22 3.2 47 10 16
children

Adolescents 12 1.4 2.7 3.9 14 1.6 2.5 1.0 1.3 1.8 3.4 4.4 59
Adults 15 1.1 1.9 2.8 0.9 1.2 1.9 0.6 0.9 1.1 22 3.1 40
Elderly 7 1.1 1.4 23 0.5 13 1.6 0.6 0.9 1.0 24 29 3.6
Very elderly 6 1.2 1.5 23 0.9 13 1.6 0.8 0.9 1.1 24 29 3.8
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Table 4: Summary statistics for the chronic dietary exposure assessment (ng/kg body weight per
day) of chloramphenicol estimated by age class for different scenarios. The minimum, median and
maximum of the mean and 95" percentile exposure values across European countries and dietary
surveys are shown (continued).

Age class Number Scenario 1® Scenario 2 Scenario 3 Scenario 4
of Min Median Max Min Median Max Min Median Max Min Median Max
surveys

95" percentile chronic dietary exposure (high consumer)®
g) g [¢

Infants 1 _ (@ _ (@ _©@ _©@ _©® _( _ (@ _ @ _©® ) ) _ (@
Toddlers 4 16 17 31 59 8.3 12 3.5 4.2 53 20 23 35
Other 15 54 12 20 3.7 6.1 11 2.6 39 59 8.8 16 25
children

Adolescents 12 33 5.1 7.9 2.9 3.6 6.7 1.8 2.5 3.6 6.5 8.4 11
Adults 15 2.5 3.8 5.1 1.7 2.6 5.1 1.1 1.8 2.1 4.4 5.4 7.2
Elderly 7 2.4 2.7 4.7 1.7 2.8 4.0 1.1 1.7 1.8 4.7 4.8 6.6
Very elderly 5 2.4 2.8 3.3 2.1 2.7 3.6 1.6 1.7 1.9 4.4 4.8 5.5

Min: minimum; Max: maximum.

Note: In order to avoid the impression of too high precision, the numbers for all exposure estimates are rounded to 2 figures.

(a): Scenario 1: all foods of animal origin are contaminated with chloramphenicol (meat and meat products, fish and other
seafood, milk and dairy products and honey).

(b): Scenario 2 includes foods in which enzyme preparations, reported to be contaminated with chloramphenicol, may be
used during food production (beef, bread and rolls, fine bakery wares, wine and wine-like drinks, fruit juices and mixed
fruit juices);

(c): Scenario 3 includes grains and grain-based products in which chloramphenicol could occur naturally.

(d): Scenario 4 is the combination of scenarios 1, 2 and 3.

(e): Not calculated; estimates available only from two dietary surveys.

(f): The 95" percentile estimates obtained from dietary surveys/age classes with fewer than 60 observations may not be
statistically robust (EFSA, 2011b) and therefore were not included in this table.

(g): Estimates available from only one dietary survey: 22 ng/kg body weight (b.w.) per day (scenario 1), 6.1 ng/kg b.w. per
day (scenario 2), 3.7 ng/kg b.w. per day (scenario 3) and 24 ng/kg b.w. per day (scenario 4).

6.1.2.1. Contribution of different food groups to chloramphenicol dietary exposure

Taking into consideration the limited occurrence data available, the CONTAM Panel considered only
certain food groups for the calculation of chronic dietary exposure in the four scenarios. These include
all food products for which non-compliant samples were reported in the EC database on residues of
veterinary medicines (Section 4.2.2, Table 1), in addition to foods where, according to the
notifications in the RASFF database, enzymes are added and grain and grain-based products where
chloramphenicol could occur naturally.

The contribution (%) of the individual food groups to chronic dietary exposure to chloramphenicol
varied between the dietary surveys. This could be explained by the specific food consumption patterns
in the individual European countries and even in the different regions of one country. It should be
borne in mind that in two dietary surveys, foods (e.g. bread, fine bakery products) were disaggregated
to ingredients (e.g. flour) and therefore these studies did not qualify for calculation of the contribution
of food groups to the chronic dietary exposure. The contribution to chloramphenicol chronic dietary
exposure for the seven individual food groups was assessed separately for each survey and age group.
For the worst-case scenario (scenario 4), a summary of the median values, calculated from the average
contribution of each food group across the dietary surveys, and the range of the lowest and highest
average contribution is shown in Table 5.

Milk and dairy products made the largest contribution to the chronic dietary exposure to
chloramphenicol in all age classes. Their contribution was higher in toddlers (59 %) and other children
(54 %).

The next food group that contributed to the chronic dietary exposure of chloramphenicol in all age
groups was grain and grain-based products, either because of treatment with enzymes or because of
the natural occurrence of chloramphenicol.
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Table 5:  Contribution (%) of the different food groups to chronic dietary exposure to chloramphenicol in scenario 4®. Median values across dietary
surveys and the range of the average contribution are presented.

Median contribution across dietary surveys (lowest—highest average contribution) (%)

Food group Infants Toddlers Other children Adolescents Adults Elderly Very elderly
Meat and meat products -90.44.7) 6.1 (4.9-9.8) 9.4 (5.3-17) 14 (9.4-21) 16 (10-26) 14 (12-22) 14 (11-22)
Fish and other seafood - 90.2-0.3) 1.1(0.5-5.2) 1.3 (0.7-5.7) 2.7(0.8-6.5) 3.1(1.0-84) 4.2 (0.7-6.6) 3.7(0.7-5.3)
Milk and dairy products — 9 (69-95) 59 (51-73) 54 (34-61) 39 (23-56) 36 (2349) 27 (24-52) 32 (2644
Honey -0 0(0-0.3) 0.1 (0-04) 0.1 (0-0.2) 0.1 (0-0.3) 0.3 (0-0.7) 0.3 (0-0.7)
Grains and grain-based products™ -9023-14 17 (11-25) 22 (9.8-36) 28 (22-38) 31 (1640) 32 (18-36) 34 (22-37)
Fruit and vegetable juices —©(1.6-13) 13 (5.1-26) 12 (0-22) 11 (0-38) 6.8 (0-27) 5.8 (1.4-19) 4.8 (1.4-18)
Wine and wine-like drinks —©(0) 0 (0) 0 (0-0.3) 0.3 (0-0.6) 5.9 (0.8-11) 13 (1.8-16) 11 (4.5-16)

Note: In order to avoid the impression of too high precision, the numbers for all contributions are rounded to 2 figures.

(a): Scenario 4 in which specific food groups (foods of animal origin, foods in which enzyme preparations, reported to be contaminated with chloramphenicol, may be used during food
production and grains and grain-based products in which chloramphenicol could occur naturally) are considered to contain chloramphenicol at the concentration level of 0.3 pg/kg.

(b): FI/1 survey excluded from calculation of the contribution of “grains and grain-based products”.

(c): Median value not calculated as only two dietary surveys were available.
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6.1.2.2. Dietary exposure from enzyme-based food supplements

Overall, the Comprehensive Database contains limited information on the consumption of food
supplements. Only some of the surveys registered and, consequently, reported the consumption of
supplements but there were still no food consumption data available on enzyme-based food
supplements for which notifications were included in the RASFF database. Based on this, the
CONTAM Panel decided to calculate dietary exposure to chloramphenicol from enzyme-based food
supplements taking into consideration the recommended dosage, the size of the single serving and the
concentration of chloramphenicol as found in the notification events.

The daily dietary exposure to chloramphenicol from the enzyme-based food supplement reported in
RASFF under notification number 2013.1544 has been estimated by multiplying the concentration of
chloramphenicol as analysed in the supplement (1 800 pg/kg) with the weight of a single serving
(0.45 g) and the number of suggested servings per day (one), divided by 70 kg b.w. (default adult body
weight according to EFSA SC, 2012). This resulted in a value for exposure to chloramphenicol of
12 ng/kg b.w. per day. The source of chloramphenicol contamination for this supplement was reported
to be the enzyme cellulase, which was further processed in the production of two different
supplements available in different formats from the same company. Unfortunately, the concentration
of chloramphenicol was available for only one of the supplements affected, so a calculation of the
daily exposure was not possible for the second type of supplement.

For the enzyme-based food supplement notified in RASFF under notification number 2013.1503, the
concentration of chloramphenicol as analysed was 18 pg/kg, the recommended serving per day was
one and the weight of a single serving was estimated to be 0.4 g. Following a similar calculation to the
previous case, the estimated daily dietary exposure to chloramphenicol was 0.1 ng/kg b.w. per day.

Finally, for the last enzyme-based food supplement reported in RASFF (notification number
2013.1685) the concentration of chloramphenicol as analysed was 9.4 ug/kg, the recommended
number of servings per day was two and the weight of a single serving was 0.8 g. Accepting that the
analytical result provided in the notification is of the supplement and not the enzyme preparation used
for its production, the dietary exposure to chloramphenicol resulting from a single serving is 0.1 ng/kg
b.w. (or 0.2 ng/kg b.w. per day).

6.1.2.3. Concluding comments

Based on the considered scenarios, mean and 95" percentile chronic dietary exposure to
chloramphenicol in the adult population across Europe would range from 0.6 ng/kg b.w. per day
(minimum for scenario 3) to 4.0 ng/kg b.w. per day (maximum for scenario 4), and from 1.1 ng/kg
b.w. per day (minimum for scenario 3) to 7.2 ng/kg b.w. per day (maximum for scenario 4),
respectively. A relatively high variation between the exposure estimates across the dietary surveys
within each age group was observed. Overall, the age group with the highest chronic dietary exposure
was toddlers (a) due to the higher intake of food per kg b.w. in this age group and (b) because the food
category of milk and dairy products was a main contributor to the diet of this group.

Dietary exposure to chloramphenicol from enzyme-based food supplements, at the concentrations
reported in RASFF notifications, ranged from 0.1 to 12 ng/kg b.w. per day.
6.1.3. Non-dietary exposure

In humans, there is potential for additional exposure to chloramphenicol from licensed medicines via
oral, i.v. or topical ocular administration (see Section 1.3).
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6.2. Dietary exposure assessment of chloramphenicol in animals

6.2.1. Exposure from compound feed consumption

Only limited chloramphenicol occurrence data in feed were available for this risk assessment (see
Section 4.2). Therefore, the CONTAM Panel concluded that these data are too limited to carry out a
reliable animal dietary exposure assessment. Instead, the CONTAM Panel estimated a possible worst-
case exposure level.

Owing to the recent findings on occurrence of chloramphenicol in feed enzyme preparations, the
CONTAM Panel considered the dietary exposure to chloramphenicol via feed enzymes for pigs and
poultry. Final feed enzyme preparations contain between 5 and 25 % (w/w) enzyme concentrates from
one or more fermentations and are added to compound feeds for pigs and poultry at a concentration of
50-500 mg/kg compound feed. Considering the highest chloramphenicol concentration observed in
enzyme concentrates of 47 000 pg/kg, the highest inclusion level of enzyme concentrate in the final
enzyme preparation (25 %) and the highest inclusion level of enzyme preparation in compound feed
(500 mg/kg), a chloramphenicol concentration of 5.9 pug/kg compound feed was used for the exposure
assessment. Table 6 provides estimated exposures of pigs and poultry to chloramphenicol from
compound feeds.

Table 6:  Estimated dietary exposure of pigs and poultry to chloramph