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1. Chemical Name:

Caffeine

2. CASNo.:

58-08-2

3. Sponsor Country:

Germany Contact Point:

BMU (Bundesministerium fir Umwelt, Naturschutz und
Resktors cherheit)

Contact person:

Prof. Dr. Ulrich Schlottmann

Postfach 12 06 29

D- 53048 Bonn-Bad Godesberg

4. Shared Partnership
With:

5. Roles/Responsibilities of
the Partners:

BASF AG, Germany;
Bdl Flavors & Fragrances, Inc., United States

Name of industry sponsor/
consortium.

BASF AG, Germany
Contact person:

Dr. Hubert Lendle
GUPICL - Z570
D-67056 Ludwigshafen

Process used.

see next page

6. Sponsor ship History
How was the chemical or
category brought into the
SIDS Program?

by ICCA-Initidive

7. Review Process Prior to
the SIAM:

last literature search (update):

24. January 2001 (Human Hedlth): databases medline, toxline; search
profile CAS-No. and specia search terms 18.04.01 and 02.05.01
(Ecotoxicology): databases CA, bios's, search profile CAS No. and
specia search terms

8. Quality Check Process

Asbassfor the SIDS Dosser the [lUCLID was used. All data have
been checked and validated by BUA.

9. Date of Submission:

01. February 2002

10. Comments:

The peer review of BUA in the toxicology section was mainly based on
review articles, including those of the International Agency for Research
on Cancer (IARC), and some others.

Regarding ‘ Experience with human exposure: this section of the SIDS
dosser is not adequately worked out according to the forma requests
of OECD manud for investigation of HPV chemicals. Howewer, the

Ny
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leed company BASF AG has assured us of its willingness to amend
those points as and if requested by the OECD members.

OEC
D/ICCA - TheBUA" Peer Review Process

Qudified BUA personnd (toxicologists, ecotoxicologists) perform a quaity control on thefull DS
dossier submitted by industry. This quaity control process follows interna BUA guiddines/ingructions for
the OECD/ICCA peer review process and includes:

afull (or update) literature search to verify completeness of data provided by indusgtry in
the lUCLID/HEDSET

- Review of data and assessment of the quality of data
- Review of data evaluation

- Check of adequacy of selection processfor key studiesfor OECD endpoints, and, where
relevant, for non-OECD endpoints by checking original reports/publications

- Review of key study description according robust summariesrequirements, completeness
and correctnessis checked against original reports/publications
(if original reportsare missing: rdiability (4) not assignable)

- Review of validity of sructure-activity relationships

- Review of full SSIDSdosser (including SIAR, SIAP and proposal for conclusion and
recommendation for further work)

In case of data gaps, review of testing plan or rationae for not testing.

"BUA (GDCh-Beratergremium fur Altstoffe): Advisory Committee on Existing Chemicals of the Association of
German Chemists (GDCh)
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SIDSINITIAL ASSESSMENT PROFILE

CAS No. 58-08-2
Chemical Name Ceffeine
O N N
Y N\
Structural Formula N |
J/ N
\
O

RECOMMENDATIONS

The chemical is currently of low priority for further work.

SUMMARY CONCLUSIONSOF THE SIAR
Human Health
Animal data

In animas sudies caffeine showed acute toxi city LD50 rat ord 200-400 mg/kg bw, LD50 mouse ord 185 mg/kg bw, LC50 rat
inhdative ca 494 mg/l/4h; LD50 rat dermd > 2000 mg/kg bw). The undiluted substance was not irritating to the eyes of
rabbits, the substance in a 50% agueous dilution was not irritating to the skin of rabbits. In a 90-day-drinking water study in
rats and mice a dight decrease of body weight gain was observed. No dinica signs of toxicity and sgnificant gross lesion or
microscopic findingswere seen in either rats or mice. The NOAEL for rats was 1500 ppm (ca. 151-174 mg/kg bwi/day) and for
mice 1500 ppm (ca 167-179 mg/kg bw/day). In al dose groups effects on sdivary glands were observed, which were regarded
as an adaptive and reversible response to the sympathomimetic effect @ caffene There are numerous studies available
concerning genetic toxicity in vitroand in vivo. In the mgjority of the studies caffeine produced negative results. Severd postive
responses were obtained only in studies which used extreme culture conditions, letha doses or nonvaidated methods. There
was no satigticaly significant increase in the tumor incidence in trested animal's as compared to controls even a doses exceeding
the maximum tolerated dose and given to rats over amgjor portion of their lifespan.

Cadffeine resulted in reproductive effects occurring in the presence of generd toxicity in parentd rats and mice. A NOAEL in
rats was not established. NOAEL: mouse 22 mg/kg bw/d (FO parental, F1 offspring), 88 mg/kg bw/d (F1 parenta, F2
offspring).

Gross malformations were observed in rats and mice only after bolus administration (i.p. or gavage) of very high maternd toxic
doses. Fetotoxicity without materna toxicity was observed in one drinking water study. NOAEL : 360 ppm (51 mg/kg bw/d)
(maternd), 70 ppm (10 mg/kg bw/d) (fetotoxicity), 2000 ppm (205 mg/kg bwi/d) (teratogenicity). However, in two other
gavage studies with lower doses this finding was not confirmed. No NOAEL for maternd toxicity could be established; the
NOAEL for developmental toxicity was 40 mg/kg bwi/d; no teratogenic effects were observed.

Experience with human exposure

Absorption from gestrointestinal tract is rapid. Pesk plasma levels are reached after 15 to 120 minutes after ingestion. The
eimination hdf-life in adultsis about 2.5 to 4.5 hours. A smal percentage is excreted in bile, sdlvia, semen and breest milk. In
both humans and rats, excretion mainly occurs via urine (about 90 % dose in rats; > 95 % in humans).
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Caffeine metabolism is quditatively smilar in animals and humans. The main metabolic pathways are: demethylation and
hydroxylation of the 8-position leading to the formation of the repective uracil and uric acid derivatives. There are, however,
some quantitative differencesin the metabolic profile.

Low doses (up to 2 pg/ml in blood) stimulate the centra nervous system, while high blood corcentrations (10-30 pg/ml)
produce restlessness, excitement, tremor, tinnitus, headache, and insomnia. Caffeine can induce dterations in mood and deep
patterns, increase diuresis and gastric secretions. Acute toxicity israre and is the result of an overdose. Letha doseis estimated
tobe5g.

Caffeine and coffee consumption are highly correlated in most populations studied; thus it is difficult to separate thetwo
exposures in epidemiologic investigations. No association between moderate consumption of coffeg/caffeine and cardiovascular
diseases was demonstrated in more recent studies. In short-term clinicd trials an increase in blood pressure was seen, whereas
in other surveys no relaiionship between caffeine consumption and devation of blood pressure was observed. Caffeine
consumed in moderate amounts did not cause persistent increase in blood pressure in normotensive subjects. Effect on cardiac
rhythm is ill in debate. Smdl increase in calcium excretion associated with coffeg/caffeine intake was seen in subjects with
dietary cacium deficiency. Caffeine has weak reinforced properties, but with little or no evidence for upward dose adjustment,
possibly because of the adverse effects of higher doses. Withdrawa symptoms, athough relatively limited with respect to
severity, do occur, and may contribute to maintenance of caffeine consumption. Caffeine use is not associated with
incapacitation. There is little evidence for an associaion of caffeine intake and benign breast disease. No associaion was found
in astudy with biopsy -confirmed controls.

A cohort study with short follow-up period showed no association between caffeine consumption and mortality from cancers
a dl dtes. Case control studies of breast cancer showed no asociation with caffeine intake. Week positive associations
between caffeine intake and lung, bladder or pancreas cancer as well as a wesk inverse associaion between caffeine intakeand
colon cancer may be dueto bias or confounding. IARC evauated thet there isinadequate evidence of carcinogenicity in humans.

There are conflicting reports on the effect of caffeine on human reproduction. A teratogenic effect has not been proven. While
caffeine intake up to 3-4 cups/day or 300 mg caffeine/day is unlikely to be causally related to spontaneous abortions or relevant
reduction of birth weight, an associdion between higher daily caffeine intake and these endpoints can not be excuded.
Conflicting results exist regarding a potentia relationship between caffeine/coffee consumption and delayed conception or
infertility.

Environment

Caffeine has awater solubility of 20 g/l, avapor pressure of 4.7 * e®Paand alog Kow of —0.091.

Distiibution modelling using Mackay, Level |, indicates that the main target compartment will be water with 99.99%.
Concerning biodegradation there is only a not vaid study available for caffeine. However, from the sructuraly analogous
compound theophylline it can be concluded that caffeine is readily biodegradable. The cadculated hydrolyss rate is extremely
dow. In the atmosphere caffeine will be indirectly photodegraded by reaction with hydroxyl radicas with a hdf-life of 19.8
hours (caculated).

Bio- and geoaccumulation are not expected according to thelog Ko, (-0.091).

The acute aguatic toxicity has been determined for fish (LeuciscusidusLC50(96h) 87 mg/l), for aguatic invertebrates (Daphnia
magna EC50(48h) 182 mg/l) and for adgae (Scenedesmus subspicatus ErC50 (72h), ErC10 (72h) >100 mg/l). Results from

prolonged or chronic studies are not available. Following the EU risk assessment procedure the PNEC agqua can be caculated to
0.087 mg/l by applying an assessment factor of 1000 on the most sensitive species (Leuciscusidus LC50(96h) 87 mg/l).

Exposure

Caffeine is produced with a volume of 10,000 to 15,000 tons per year, world-wide, including 3,000 to 4,000 tons of natura
caffeine. Itismainly used in the food and pharma sectors.
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Furthermore caffeine is a naturally occurring substance in various plant species (e.g. 0.9 to 2.6% in green coffee beans). Itisa
component in coffee, tea and cocoa. The use in food will be the predominant way of human exposure and of exposure of the
environment .

Production sites for the technica product: EU (Germany) 1, NAFTA 2, Japan 1, India 4 and China 10. Production sites for
natural caffeine are gppr. 7 to 8 worldwide, thereof 4 in Europe.

Exposure to workers during production is adequately controlled by the use of engineering controlled methodsin the industry of
the sponsored country .

Workplace messurements during filter changes (Germany) : 0.1- ca. 1.2 mg/m?® (8h).

At the German production site, process waters with relevant substance quantities are sgparated and combusted.

NATURE OF FURTHER WORK RECOMMENDED

Environment : No recommendation for further work, because the substance is reedily biodegradable, has alow bioaccumulation
potential and is only moderately toxic to aguatic organiams.

Human Health No recommendation for further work for the following reasons:
The pharmacologica properties of caffeine are well known. There are many studies relevant to reproductive toxicity; some

suggest an adverse effect but the totd data base is incongstent. The case of caffeine is regulated by food and drug agencies of
national governments.
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OECD SIDS CAFFEINE
FULL SIDSSUMMARY
CAS NO: 58-08-2 SPECIES PROTOCOL RESULTS
PHYSICAL-CHEMICAL

21 Melting Point 235-239°C

22 Boiling Point Sublimationat 178 °C

2.3 Density 1.23 g/lom® at 18 °C

24 Vapour Pressure cdculated 0.0000047 Paat 25 °C

25 Partition Coefficient mesasured -0.091 a 23°C

(Log Pow)
26 Water Solubility 20.000 mg/l at 20 °C
pH 55-65a10g/land20°C
ENVIRO NMENTAL FATE AND
PATHWAY

311 Photodegradation caculaed Indirect photolysis: air
Reaction with OH-radicals: t,;, = 19.8 hours

312 Stability in Water calculated t,>1 year

3.2 Monitoring Data

P—— Mackay level | cadculation | InWater 99.99 %

33 Transport and Distribution In sediment, soil and biota <<0.1%

35 Biodegradation readily biodegradable, estimated from ready
biodegradability of structurally anaogous
compound theophylline

ECOTOXICOLOGY
4.1 Acute/Prolonged Toxicity to Leuciscusidus | DIN 38 412 part 15 LG, (96 hours) = 87 mg/l
Fsh
4.2 Acute Toxicity to Aquatic Daphnia EG 79/831, Annex V, part | EG;, (48 hours) = 182 mg/l
Invertebrates magna C
4.3 Toxicity to Aquatic Plantse.g. | Scenedesmus OECD 201 EG,, (72 hours) >100 mg/l
Algae subspicatus

44 Toxicity to bacteria Pseudomonas | DIN 38412 part 8, draft EGs (17 hours) = 3,490 mg/|

putida

4.6.2 Toxicity to terrestrial plants Oryza sativa Growth inhibition at 0.5-10 mM

46.3 Toxicity to Other Non- Red-winged LDy, =316 mg/kg

Mammalian Terrestrial blackbird

Species (Including Birds)
Starling L D5, >500 mg/kg
Tribolium L Ds, adults (20 days) = 288 mg/kg
castaneum LDg, larvae (20 days) = 251 mg/kg
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OECD SIDS CAFFEINE
CAS NO: 58-08-2 SPECIES PROTOCOL RESULTS
TOXICOLOGY
511 Acute Oral Toxicity Rat Comparable to OECD
Ra NTP program LD50 200-400 mg/kg bw
mice NTP programm mice 185 mg/kg bw
51.2 Acute Inhalation Toxicity Rat OECD 403 Ca 4.94 mg/l/4h, aerosol
513 Acute Dermal Toxicity Ret Comparableto OECD > 2000 mg/kg bw
guiddine 402
5.4 Repeated Dose Toxicity Rat 90 days, drinking water, NOAEL 1500 ppm (174 mg/kg bw/d females,
NTP program, 151 mg/kg bw/d maes)
Mouse 90 days, drinking water, NOAEL 1500 ppm (179 mg/kg bw/d females,
NTP program 167 mg/kg bw/d males)
55 Genetic Toxicity In Vitro
A. | Bacterial Test Salmondla | Comparableto OECD ’;‘ae?’a;‘.’e (with and without metabolic
(Genemutation) typhimurium guideline 471 ivation)
B. Non-Bacterid In Vitro Test CHL cdls Comparable to OECD ;{oisitive (only without metabolic activation
(Chromosomal aberrations) guideline 473 ed)
Human Comparable to OECD Negative (with and without metabolic
lymphocytes guideine 473 activation)
5.6 Genetic Toxicity In Vivo Ret Cytogenetic, feed, 117 Negative
weeks
Mouse Cytogenetic, oocytes, i.p. Negative
Mouse Cytogenetic, Negative
spermatogonia, i.p.
Comparableto OECD
guiddine 483
Mouse Micronucleus, i.p. Negative
Comparable to OECD
guideine 474
Mouse Micronucleus, gavage Wesak positive in the highest dose
Comparableto OECD
guideline 474
Mouse Dominant lethal test, Negative
drinking water or gavage
Mouse Host-mediated assay with Negative
E. coli
5.8 Toxicity to Reproduction Ra Continuous breeding, task | NOAEL parental/F1 not esteblished (reduced
14 body weight gainin all treated groups)
Mouse Coninuousbrexing, 23| NOAEL Parental/ FL offspring =
e 22 mg/kg bw/d
Mouse Continuous breeding, task NOAEL Parental/ F1 offspring =
1,24 22 mglkg bw/d
NOAEL F2 offspring = 88 mg/kg bw/d
€ UNEP PUBLICATIONS
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5.9 Developmental Toxicity/
Teratogenicity

Further | Corrosiveness/Irritation Skin

Data ) L
Corrosiveness/Irritation Eye
Sensitisation
Carcinogenicity

5.11 Experience with Human
Exposure

Rat Drinking water day 0-20
Ret Gavage, day 1-20, NTP
program

Gavage, day 1-20,dlowed

Rat to deliver, NTP
programm

Rebhbit OECD 404

Rebhbit OECD 405

GuineaPig No data

Ret Drinking water up to

2000 ppm, 104 weeks

Kinetic, Metabolism

Toxicity

Epidemiology

Cardiovascular

NOAEL maternal =51 mg/kg bw/d
NOAEL fetotoxicity = 10mg/kg bw/d
NOAEL teratogen > 205 mg/kg bw/d
LOAEL maternal 40 mg/kg bw/d
NOAEL fetotoxicity = 40 mg/kg bw/d
NOAEL teratogen = 80 mg/kg bw/d

LOAEL maternal: 10 mg/kg bw/d
NOAEL fetotoxicty: 40 mg/kg bw/d
NOAEL teratogen: 40 mg/kg bw/d

Not irritating

Not irritating

Negative

Rapid absorption from gastrointestinal tract;
peak plasmalevelsreached after 15to 120
minutes. Elimination half-ife2.5to 4.5 h.
Metabolized by hepatic microsomal enzymes
(demethylation, 95 %). In both humans and
rats, excretion mainly occurs via urine (about
90 % dosein rats; > 95 % in humans).
Caffeine metabolism is qualitatively similar in
animals and humans. The main metabolic
pathways are: demethylation and
hydroxylation of the 8 position leading to the
formation of the respective uracil and uric acid
derivatives. There are, however, some
quantitative differencesin the metabolic
profile.

Low doses (up to 2 pg/ml in blood): stimu-
lation of the central nevous system; high
blood concentrations (10-30 pg/ml): rest-
lessness, excitement, tremor, tinnitus, head
ache, and insomnia. Alterationsin mood and
deep patterns, increase diuresis and gastric
secretions. Lethd dose: 5 g (overdosing).

Caffeine and coffee consumption are highly
correlated in most populations studied; thus it
isdifficult to separate the two exposuresin
epidemiologic investigations.

Bias or confounding has to be taken into
account in many of the studies.

No association between moderateconsumption
of coffee/caffeine and cardiovascular diseases.
Caffeine consumed in moderate amounts did
not cause persistent increase in blood pressure
in normotensive subjects. Short-term clinica
studies have shown that in caffeine-naive
subjects, 250 mg of caffeine increased systolic
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blood pressure. Effect on cardiac rhythmin
debate.

Other effects

Carcinogenicity

Reproductive toxicity

Smdll increase in calcium excretion in subjects
with dietary calcium deficiency. Wesk
reinforced properties, limited withdrawal
symptoms, not associated with incapacitation.
Little evidence for an association with benign
breast (no evidence in biopsy-confirmed
studies).

No association with mortality from cancers at
all sites. No association with breast cancer.
Wesk association with bladder cancer. Effect
on colon and pancreasin debate. IARC
evauated that there is inadequate evidence of
carcinogenicity in humans.

Conflicting reports on the effect of caffeineon
human reproduction.

Teratogenic effect has not been proven.

High exposure (consumption of >3-4 cups of
coffee/day or 300 mg caffeine/day) may result
in birth weight reduction. No fina conclusion
for an association between prematurity or
spontaneous abortion. Conflicting results exist
regardinga potential relationship between
caffeine/coffee consumption and delayed
conception or infertility.
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SIDS I nitial Assessment Report (SIAR)
1 IDENTITY

Chemica Name: Cdfene
Synonyms. 1,3, 7-trimethyl- 2,6- dioxopurine
1,3, 7-trimethylxanthine
3,7-Dihydro- 1,3, 7-trimethyl- 1H- purine-2,6-dione

7-Methyltheophylline
CAS Number: 58-08-2
Empiricd Formula: CsHip N,O;

Structure;

|
@) N N
T
/ | N\
O

General Substance I nformation

Substance type: organic, naturd substance
Physica status: slid
Purity: 98.5 - 100 % wiw

Physical and chemical properties

Caffeine is soluble in water with 20 g/l a 20°C (BASF AG, 2001a) and has a calculated vapour pressure
of 0.0000047 Paat 25°C (BASF AG, 2000a). The Henry’s law constant has been estimated to 1.9* 10*°
atm*n¥/mole (Swann et a., 1983). The partition coefficient log P,,, is measured to —0.091 at 23°C (BASF
AG, 1988a). The density of caffeine is higher than that of water (1.23 g/cn? at 18°C) (The Merck Index,
1989, CRC Handbook of Chemistry and Physics, 1991-1992). The mdting point is 235 — 239 °C (BASF
AG, 2001a), Caffeine sublimes a 178°C (The Merck Index, 1989).
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2 GENERAL INFORMATION ON EXPOSURE

1999 the estimated world production amounts to 10,000 — 15,000 tons including 3,000 to 4,000 tons of
natura caffeine (Europe 5,000 — 10,000 t/a, Germany 1,000 — 5,000 t/a).

Production stesfor the technicd product:

EU (Germany) 1, NAFTA (USA, Canada, Mexico) 2, Japan 1, India4 and China 10.

Production sites for natura caffeine are appr. 7 to 8 worldwide, thereof 4 in Europe.

Caffeine is a substance with wide disperse use. It is predominantly used in the food sector and pharma
sector (80% and 16% rep.). A smaller part is used in cosmetics (3%) or in technica applications (1%).
Furthermore caffeine is a naturally occurring substance in various plant species (eg. 0.9 to 2.6% in green
coffee beans). It is a component in coffee, tea and cocoa. The use in food will be the predominant way of
human exposure and of exposure of the environment.

In the Danish Product register (Aug. 2001) there are 6 products containing caffeine. Product types are
food/feedstuff flavourings and nutrients and laboratory chemicals.

2.1  Environmental exposureand fate

Measured data on emission into the atmosphere or into surface water via waste water treatment plants are
not available. At the German production Ste, process waters with relevant substance quantities are
separated and incinerated (BASF AG, 2001c¢).

Digtribution moddlling using Mackay, Leve | (V 2.1), indicates thet the main target compartment will be
water with 99.99% (BASF AG, 2000a).

Caffeineisindirectly photodegraded by reaction with hydroxyl radicas in the atmosphere with a haf-life of
19.8 hours (caculated) (BASF AG, 2000a). Concerning biodegradation there s only one test report
avalable (Henkd KgaA, 2000). In this test that was performed according to OECD 301 F two pardld
vessals were used. In one vessel a biodegradation of 58 % and in the other of 84 % was found. Asthe two
pardle vessds differ by more than 20 %, the vdidity criteriafor the test are not fulfilled and the test has to
be regarded as not vaid. However, for the structurdly anaogous substance theophylline (CAS No: 58-55-
9) there is a test on ready biodegradability available from which it can cdearly be concluded thet this
substance is readily biodegradable (OECD 301 A, 90 - 100 % after 22 days, >90% at the end of the 10-
days-window) (BASF AG, 2000b). As the two substances differ only by one methyl group it can be
concluded with high probability that dso the substance caffeine is readily biodegradable. This is confirmed
by Richardson and Bowron (1985). They gave in a review report the information that caffeine is readily
biodegradable. However, as no further information is given on the test that was performed and the exact
results, this information cannot be vaidated. The cdculated hydrolysisrate is extremey dow (T 1, >1 year)
(BASF AG, 2000a).

The estimated s0il adsorption coefficient (log K . —0,0135) suggests that caffeine woud not absorb to soil

particles (BASF AG, 2000a). No experimental data on bioaccumulation are available. The log Kqy Of -
0.091 indicates no potentia for bioaccumulation (BASF AG, 19884).

2.2 Human Exposure

Exposure of workers to caffeine during production is adequately controlled in the industry of the sponsor
country (Germany).
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Caffeine is produced under controlled conditions in closed systems. Exposure may only occur during
occasond filter changes. In the bottling plant loca exhaused systems are used. During filter changes, dust

masks, throw away protective suits, and gloves are worn. Hence, there is practicaly no exposure under
norma workplace conditions.

Workplace measurements (during filter changes), Germany: 0.1- ca. 1.2 mg/m3 (8h)
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3 HUMAN HEALTH HAZARDS
3.1 Effectson human health

In the human health section many review articles have been used, to which a Klimisch Code 4 (secondary
literature) was assigned, but which was felt adequate for the assessment of a substance with a huge amount
of data

Remark: The scientific literature of caffeine comprises a lot of published studies and reviews due to its
containment in beverages (coffee, tea, cocoa, cola drinks, etc.) and its use as pharmaceutica . With afocus
on hedth and safety issues comprehensive reviews including those of the Internationa Agency for Research
on Cancer (IARC), 1991 and Nehlig and Debry, 1996 and Christian and Brent, 2001 studiescited in
these reviews were choosen for the robust summary of caffeine. For selected endpoints (e.g. chronic,
carcinogenic, reproductive toxicity) additiona up-date retrieva was done.

Caffeine and coffee consumption are highly corrdated in most of the populaions sudies; thus, it is very
difficult to separate the two exposures in epidemiologica studies. It was therefore not possible to evauate
adequately the effect of caffeine per s Mogt of the studies examined the raionship between drinking
cups of coffee per day and reproductive effects. The caffeine consumption by other sour ces as tea and
cola as wdll as quantitative differences between various types of coffee often have not been considered
aoproprictely.

Thus, the impact of potentialy both differentia and non differentid misclassification cannot be addressed
adequately. It is often not even clear whether the true effect has been over- or underestimated.

In severd studies potentidly confounding factors such as acohol, smoking, socioeconomic satus, working
conditions have not been taken into account. Under these circumstances wesak to moderate associations
might be pretended.

3.11 Experiencewith human exposure

3.1.1.1 Toxicokinetics and metabolism

Kinetics

In humans caffeine is reedily absorbed from the gestrointesting tract (Chvasta and Cooke, 1971,
Marks and Kelly, 1973, Bonati et al., 1982, Blanchard and Sawers, 1983). Caffeineis bound to
plasma proteins a levels of 10-30 % at a wide range of concentrations (Bonati and Gar attini, 1984).
After oral doses of 58 mg/kg bw, peak plasma concentrations of 810 pg/ml were reached (Bonati et
al., 1982, Blanchard and Sawers, 1983, Arnaud, 1987).

Peak plasma concentrations are reached in 15-120 minutes in humans and animas (Bonati et al., 1982,
Arnaud and Welsch, 1982), and haf-lives of 2.5-4.5 hours were observed in humansand 25 hinrats
receiving a4.0 mg/kg dose of caffeine.

Ceffeine is diminated by first order kinetics from humans (Bonati et al., 1982). Ceffeine hdf-life is
increased in the neonata period due to the immaturity of hepatic enzyme systems (Aranda et al., 1979,
Parsons and Neims, 1981). It is dso prolonged during the last trimester in pregnant women (Brazier et
al., 1983), and in women taking ord contraceptives (Patwardhan et al., 1980, Abernethy and Todd,
1985). The dearance of caffeine is simulated by smoking Parsons and Neims, 1978, Jores et al.,
1988).

Caffeine is digributed rdatively uniformly throughout al body tissues, induding cerebrosping fluid, breast
milk, sdvia, and semen (Goldstein and Warren, 1962, Somani et al., 1980, Beach et al., 1982,
Rodopoules and Norman, 1996). The volume of distribution is about 0.7 I/kg bw (Arnaud, 1987).
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The dimination of caffeine occurs through metabolism by hepatic microsomal enzyme systems (Grant et
al., 1987), and diminaion is impaired in the presence of liver disease (Statland et al., 1976). Only a
small percentage is excreted unchanged in the urine (van der Merwe et al., 1988). Caffeine crosses
eadly the placentd barrier (Somani et al., 1980).

In both humans and rats, excretion mainly occurs via urine (about 90 % of the dose in rats, > 95 % in
humans) (Arnaud, 1993).

Metabolism

Caifeine metabolism is quditatively rdatively smilar in animas and humans (Arnaud, 1993). Themain
metabolic pathways are: demethylation and hydroxylation of the 8-postion leading to the formation of the
respective uracil and uric acid derivatives. There are, however, some quantitative differences in the
metabolic profile. Humans are characterized by the importance of 3-methyl demethylation leading to the
formationof paraxanthine and especialy metabolites thereof through subsequent metabolic steps. The main
urinary metabolites in humans are 1-methyluric acid, J-methylxanthine, 5acetylamino-6-formylamino-3-
methyluracil (not found in rats and mice), 1,7-dimethyluric acid and paraxanthin. In rats and mice, the
metabolism of caffeine is predominantly via theobromine and theophylline. The main urinary metabolites are
1,3-dimethyluracil, paraxanthine, trimethyluric acid, theophylline, and theobromine. Caffeine metabolism
decreases during pregnancy, resulting in higher serum concentrations.

3.1.1.2 Toxic effects (poisoning, over dosing)

Only rare deaths from overdosage of caffeine have been reported (Gilbert, 1976). It has been estimated
that 5 g to 10 g may be fatal in man (total dose, appr. 65 cups of coffee taken at one time) (Krantz and
Carr, 1951, Rivenes, 1997). Blood concentrations of 10-30 pg/ml may produce restlessness,
excitement, tremor, tinnitus, headache and insomnia, low doses (up to 2 pg/ml in blood) gimulate the
centra nervous system (Ashton, 1987, Stavric, 1988). Some adverse effects like gastric symptoms,
insomnia, seizure, and fever were reported after overdosing (gppr. 750 mg in an adult) (Lachance, 1982,
Stavric, 1988, FitzZSimmons and Kidner, 1997, Daroca et al., 1996).

3.1.1.3 Chronic effects

3.1.1.3.1 Cardiovascular disease

No association between increased caffeine consumption and increased mortdity due to cardiovascular
disease was found (Martin et al., 1988).

Earlier studies suggested an associaion of caffeine consumption of more than 6 cups of coffee with
coronary heart dissase (CHD) (Paul et al., 1963, Boston Collaborative Drug Surveillance
Program, 1972, Jick et al., 1973). In more recent years, retrospective (Hennekens et al., 1976,
Rosenberg et al., 1980, Willett et al., 1996) and prospective sudies have consistently failed to
demondtrate an association between caffeine and CHD (Yano et al., 1977, Heyden et al., 1978,
Murray et al., 1981, Welin et al., 1984, Grobbee et al., 1990, Rosengren and Wilhelmsen, 1991,
Hart et al., 1997). In a case-control study neither caffeinated nor decaffeinated coffee (drinking 3 4
cups/day of caffeinated coffee compared to drinking £1 cup/week, resp. 31 cup/day of decaffeinated
coffee compared to nondrinkers) was associated with the risk of myocardia infarction (Sesso et al.,
1999).

3.1.1.3.2 Hypertension
Short-term clinical studies have shown that in caffeine-naive subjects, 250 mg of caffeine increased systolic

blood pressure (Robertson et al., 1978, Ammon et al., 1983). In a cross-sectional study of 30,000
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middle aged men consuming caffeine showed an inverse association with systolic and diagtolic blood
pressure (Stensvold et al., 1989). Smilar findings were reported in amultiple risk factor intervention trial
(Samler et al., 1997) and in a cross-sectiond sudy (Periti et al., 1987). Surveys of the generdl
population demonstrated a positive correlation between caffeine consumption and systolic but not diastolic
blood pressure (Lang, et al. 1983a, Lang et al., 1983b). No relationship between increasing caffeine
consumption and elevations of blood pressure was seen in large cross-sectiond study in employees
(Bertrand et al., 1978). An immedigte dose-related difference in systolic and diastolic blood pressure
were seen in hedthy nonsmokers (Lane et al., 1998) and in hypertensive patients (Rachima-Maoz et
al., 1998).

Though cc))nsumption of caffeine (eight cups of regular coffee corresponding to 500 mg caffeine per day)
may exhibit acute increases in blood pressure, the long-term effects appear to be minima. After oneto four
days of regular consumption atolerance devel ops, with blood pressure returning to previous levels.

3.1.1.3.3 Arrhythmias
Heavy coffee consumption (3 9 cups/day) was associated with more than twice the likelihood of
ventricular premature beets in a populaion survey (Prineas et al., 1980). However, Sutherland et al.,

1985, Roberston et al., 1981, Myers et al., 1987, Newsby, 1996 reported that caffeine doses up to
500 mg/day do not affect cardiac rhythm in norma subjects and patients.

3.1.1.34 Lipids, glucose

Experimental studies do not reflect a caffeine effect on blood cholesterol. Changes in blood cholesterol are
smiler in individuas consuming deceffeinated coffee or regular coffee (van Dusseldrop et al., 1990,
Superko et al., 1991). Blood cholesteral levels were dso comparable in subjects given placebo or 600
mg caffeine (Herbert et al., 1987). A meta-anayss of randomized controlled clinica trias showed
increased serum lipidsin studies of patients with hyperlipidemia and in trids of caffeinated or boiled coffee.
Trids usng filtered coffee demongrated very little increase in serum cholesterol. Consumption of unfiltered,
but not filtered, coffee increases serum levels of totd and LDL cholesterol (Jee et al., 2001). Aninsulin
independent rise in blood glucose was seen in subjects receiving 200 mg caffeine(Pizziol et al., 1998).

3.1.1.35 Calcium metabolism

Incressed urinary and fecd excretion of cacium and other minerals associated with dietary caffeine have
been reported (Massey and Wise, 1984, Massey and Opryszek, 1990, Whiting, 1990). Although
caffeine caused a smdl pogtive increase in urinary calcium excretion, it did not affect overdl bone dengty
(Lloyd et al., 1991). Negative findings with respect to caffeine intake, bone minerd content, and risk of
fractures were reported (Johansson et al., 1992, Harris and Dawson-Hughes, 1994, Kreiger et
al., 1992, Lloyd, 1997). Other reports suggested that consumption of more than 2 cups of coffee aday
may be associated with an increased risk of hip fracture (Kiel et al., 1990, Hernandez-Avila et al.,
1991). However moderate caffeine intake (100 mg/day) appears not be associated with significant
reduction in bone gain (Packard and Recker, 1996, Lloyd et al., 1998).

3.1.1.3.6 Fibrocystic breast disease
Thereis little evidence to support an association between caffeine intake (up to 6 cups of coffee and more

per day) and an increase in the incidence of benign breast disease or an affection of its course when this
condition is present (Levinson and Dunn, 1986, Lawson et al., 1981, Marshall et al., Heyden and
Fodor, 1986, Lubin et al., 1985, Rohan et al., 1989).

3.1.1.3.7 Tolerance and withdrawal
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Case reports and clinical studies of caffeine withdrawa most frequently reported symptoms of abrupt
withdrawa as mild to moderate headache beginning 12- 24 hours after terminating intake (300 mg/day) and
lasting up to a week (Griffiths and Mumford, 1995, Griffiths and Woodson, 1988, Evans and
Griffiths, 1992). Decreased responsiveness to daily caffeine (500 mg/day) administration with respect to
blood pressure (Ammon et al., 1983, Roberston et al., 1981), diuress (minima effectiv diuretic dose
70 mg/day) (Eddy and Downs, 1928), and plasma epinephrine, norepinephrine, and plasma renin
activity (250 mg/day) (Robertson et al., 1978), but not to the effect of ceffeine on urinary cacium
excretion (300 mg/day) was reported (Massey and Opryszek, 1990). No effect on mood and dertness
was seen dfter single ceffeine dose (600 mg/day) (Sicard et al., 1996) or withdrawa (300 mg/day)
(Comer et al., 1997). Other studies on caffeine deprivation found an association with decreased vigor
and performance on reaction and increased fatigue (250 mg/day) (Phillips-Bute and Lane, 1998,
Bernstein et al., 1998).

3.1.1.4 Carcinogenicity

Heavy coffee consumption tends to be associated with other risk factors for various types of cancer, eg.
smoking, acohol, physica inectivity (Giovannucci, 1998). Resdud confounding might explain wesk
positive associ ations between caffeine consumption and lung, bladder, or pancreas cancer.

Based on the currently available literature Nehlig and Debry’s (1996) conclusion that in the doses
usualy consumed by man, coffee does not have any potential carcinogenic effect can il be supported.
Whether the consumption of doses higher than 4 mg/kg/day dightly enhances or lowers the risk for some
cancer typesis currently not clear.

ThelARC evduates the carcinogenicity in humans of caffeine as inadequate evidence (IARC 1991).

3.1.1.4.1 Different sites

The effect of caffeine consumption (av. 317 mg/day) on mortdity was evauated in a historical cohort study
of 10,064 diagnosed hypertensive individuas participating in te Hypertension Detection and Follow-up
Program from 1973 to 1979. No evidence was found for an association between increased level of

caffeine consumption (up to > 428 mg/day) and increased cancer mortality during the following four years
(Martinet al., 1988).

3.1.1.4.2 Breast
Severd case-control studies provided no association between coffee intake (up to 3 7 cups/day) and
breast cancer risk (IARC, 1991). Also new case-control studies confirmed this result (Hunter, 1992,

McLaughlin et al., 1992, Folsomet al., 1993, Levi et al., 1993, Smith et al., 1994, Tavani et al.,
1998).

3.1.1.4.3 Colon

Cohort studies that addressed the issue of coffee drinking (up to 3 3 cups/day) and risk of cancer of the
colon have generdly been interpreted as showing no association. There are case-control studies that
indicated inverse associaions and others find a risk. Bias and confounding could not be excluded as the
source of the gpparent associations (1ARC, 1991). In recent case-control and cohort studies no increased
risk of colorectal cancer from caffeine intake (up to 3 7 cups/day) was found (Cipriani and Geddes,
1996, Giovannucci, 1998, Hartman et al., 1998, Tavani et al., 1997). Thelower risk of colorectal
cancer with high vs. low coffee consumption as determined in the meta-analysisby Giovannucci (1998)
might be due to an avoidance of coffee by unidentified high-risk individuas, or due to enhanced colonic
motility induced by coffee, or due to antimutagenic components in coffee (not necessaxily caffeine).

3.1.1.4.4 Bladder
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In cohort studies on coffee consumption neither an increase nor a decrease risk for bladder cancer was
found. Severd case control studies showed a weak positive association, while others did not. Teken as a
whole, the data are consstent with a weak positive relationship between coffee consumption (up to >5
cups/day) and the occurrence of bladder cancer, but the possihility that this is due to bias or confounding
cannot be excluded (1ARC, 1991).

3.1.1.4.5. Non-Hodgkin lymphoma, lung, pancreas

Cohort studies on the relationship between coffee consumption and pancregtic cancer did not report a
ggnificant association with incressed consumption; any nonsgnificant increase was reduced &fter
adjustment for smoking. In an early case control study a positive relationship between coffee consumption
(up to 35 cups/day) and pancrestic cancer was reported. Several subsequent reports (coffee intake 3 7
cups/day) have been less pogtive overdl. Potentid biases associated with the comparability of case and
control groups adso complicate interpretation, and methodological problems were noted in some studies
(IARC, 1991). A recent case-control study showed a Ushaped dose-response relaionship between
coffee intake (never, occasiondly, and 3+ cups/day) and the relativerisk for pancrestic cancer, suggesting
a preventive effect of smal amounts of coffee. However, the authors did no present data to verify this
suggestion (Nishi et al., 1996).

In a case control study no association between coffee consumption (up to 4 cups/day , resp. 2 or more
cups/day) and non-Hodgkin's lymphoma was found (Tavani et d., 1994). Concerning lung cancer, there
have been reports of studies showing no or wesk associations with the consumption of caffeine-containing
drinks (Mendilaharsu et al., 1998, and others quoted by Mendilaharsu et al., 1998, Jacobsen et
al., 1986). Data are inadeguate for an assessmen.

3.1.1.5 Effectson reproduction

Chrigtian and Brent, 2001 concluded in their recent review on reproductive and developmentd risks of
caffeine that the usud range of human exposures to caffeine from food and beverages is beow the
threshold dose that would result in developmenta/teratogenic or reproductive effects.

With regard to the endpoaints low birth weight and spontaneous abortion, some studies of good quaity and
power have suggested an increased risk with higher coffee consumption (maostly more than 300 mg/day).
Therefore, these endpoints will be addressed more in detail while the evidence of other adverse effects can
be corsidered as inadequate based on the presently available data.

3.1.1.5.1 Delayed conception and infertility

Dedayed conception was reported in association with coffee consumption of four to seven cups/day or
caffeine consumption as little as 100 mg/day (toil dose) (Christianson et al., 1989, Wilcox et al.,
1988, Williams et al., 1990, Hatch and Bracken, 1993, Stanton and Gray, 1995, Bolumar et
al., 1997, Curtis et al., 1997). These findings were not confirmed in other studies (Riduan Joesoef et
al., 1990, Hakim et al., 1998, Jensen et al., 1998) or adight association was only seen in women
who smoked and aso consumed &t least 8 cups of coffee per day (Olsen, 1991). Lack of informetion on
confounder like femae body mass index, hormona status, disease of femae reproductive organs, semen
qudlity, frequency of intercourse, especidly in the studies reporting delayed conception, suggests that these
findings need further verification.

Risk of infertility due to tubd disease or endometriosis was observed in women consuming upper levels of
caffeinated beverages (more than 7 g/month) (Grodstein et al., 1993). No sgnificant association
between consumption of caffeinated beverages, except tea, and infertility was found in a prospective study
(Caan et al., 1998).
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3.1.1.5.2 Low birth weight

Severa dudies assessing coffee, tea and cola consumption to estimate caffeine intake have shown an
association between materna caffeine intakes greater than 70 to 300 mg/day and low birthweight (Caan
and Goldhaber 1989, Martin and Bracken 1987, Fenster et al. 1991a,b, Vlajinac et al., 1997).
Dose-response rel ationships have been noted in the two studies mentioned first.

A mea-andysis (Fernandes et al., 1998) including three of these and four other studies (the studies
are: Caan and Goldhaber 1989, Fenster et al. 1991a,b, Fortier et al. 1993, Linn et al. 1982,
Martin and Bracken 1987, McDonald et al. 1992, Mills et al. 1993) with extractable data showed
an overdl risk ration of 1.51 (95 % CI 1.39-1.63) for low birthweight (< 2500 g) in 64,268 pregnancies
of women consuming > 150 mg caffeine per day. However, dthough the odds ratios in the individua
studies were adjusted for some confounding factors, the meta-andysis used unadjusted data only.
Adjusment of individua sudies for confounding factors sgnificantly would decreased the odds retios for
low birth weight caculated in these studies.

There are severd other studies, which showed only a very week decrease in birthweight after high
consumption of caffeine (4 cups and more/day) (Olsen et al., 1991) or no association &t al (Fortier et
al., 1993, Shu et al., 1995, Santos et al., 1998, Grosso et al., 2001).

The sudy by Grosso et al. (2001), for example, is one of the methodicaly better studies taking into
account severd potentid confounders and distinguishing between exposures during the first and third
trimesters, but only 2% of the participating women consumed more than 300 mg caffeine per day during
month 7 of the pregnancy. The authors reported an adjusted odds ratio of 1.0 with awide 95% confidence
interval (0.37-2.70) for > 300 mg/day during month 7.

A recent study by Clausson et d., 2002 with relatively good assessment of exposure and confounding
factors does not support an association between moderate caffeine consumption and reduced birth weight,
gedtationd age, or feta growth.

Klebanoff et d., 2002 found an association between an increasing risk of reduced fetd growth only among
women who smoked. However, since paraxanthine concentrations could not be related to an amount of
caffeine consumption the results cannot be used for a quantitetive assessment.

Based on the current data, it is not possible to decide whether

a the observed associaions between caffeine consumption and low birthweight are due to (esidua)
confounding or recal bias, snce in dmog dl studies data on the wide range of even the known
confounders were insufficient and exposure to caffeine has been determined retrospectively by
interviews/questionnaires/ or

b) true associations have been masked in the negative studies by non differentia misclassfication of
caffeine exposure or have been missed dueto alack of power.

It might be suggested that caffeine intake up to 34 cups/day or 300 mg caffeine/day is unlikely to cause a
relevant reduction in birthweight.

However, it cannot be excluded that higher caffeine consumption (>300 mg/day) exerts a small, but
meesurable effect on fetal growth.

3.1.1.5.3 Prematurity and abortion

Prematurity

Information concerning prematurity was insufficient for conclusons to be drawn about an effect of coffee
consumption by |ARC, 1991, wheress caffeine consumption over arange of moderate to high intakes has
been reported to increase the risk of prematurity in arecent study (Wisborg et al., 1996).
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Spontaneous abortion

A meta-anadyss (Fernandes et al., 1998) incuding Sx sudies (the studies are: Armstrong et al.
1992, DominguezRojas et al. 1994, Fenster et al. 1991a,b, Infante-Rivard et al. 1993, Mills et
al. 1993, Srisuphan and Bracken 1986) with extractable data showed an overall risk ratio of 1.36
(95 % CI 1.29-1.45) for spontaneous abortion in 42,988 pregnancies of women consuming > 150 mg
caffeine per day. However, dthough the odds ratios in the individud studies were adjusted for some
confounding factors, the meta-anadyss used unadjusted data only. Adjusment of individua studies for
confounding factors significantly decreased the odds ratios for spontaneous abortion caculated in these
sudies.

A potentidly important factor which has not been addressed in this meta-anadlyssis the change in caffeine
consumption due to pregnancy-related nausea. Nausea can be considered as a marker for a hedthy
pregnancy (Stein and Susser 1991).

Since nausested women consume less caffeine and have a reduced risk of spontaneous abortion,
incomplete data on nausea and vomiting could lead to an overestimation of the risk associated with high
levels of caffeine consumption.

Cnattingius et al. (2000) point out that results of epidemiologic studies have given inconclusive results on
the association between caffeine consumption and spontaneous abortion. This might at least partly due to
the fact that most studies have not included data on symptoms of pregnancy (Armstrong et al., 1992,
Dlugosz et al., 1996, Infante-Rivard et al. 1993, Mills et al. 1993, Parazzini et al., 1998,
Srisuphan and Bracken, 1986) while those that did have used fairly insendtive markers such as
presence or absence of nausea a any time during pregnancy Fenster et al.1991a,b, Fenster et al.,
1997, Klebanoff et al., 1999, Kline et al., 1991).

According to Cnattingius et al. (2000) only one study with sufficient ssmple size focused on the first
trimester of pregnancy when changes in caffeine intake, pregnancy-related symptoms, and the mgjority of
spontaneous abortions occur.

Cnattingius et al. (2000) found an association between caffeine consumption and spontaneous abortion
only in norrsmokers (doses, odds ratios, and 95% confidence intervas as follows. 100-299 mg/day: 1.3
(0.9-1.8), 300-49 mg/day: 1.4 (0.9-2.0), >= 500 mg/day: 2.2 (1.3-3.8). However, retrospective
exposure assessment based on interviews by midwives is a limitation of this study, and spurious postive
results due to increased caffeine ingestion among the case patients in response to lessening of the severity
of symptoms cannot be ruled out.

Klebanoff et al. (1999) reported an association of serum paraxanthine, a caffeine metabolite, with an
increased risk of spontaneous abortion only at very high concentrations (>= 95 percentile). In this study
most of the case women had spontaneous abortions in the second trimester, and the use of paraxanthine as
a maker of caffeine dose has to be regarded with caution (intra and interindividua variations in caffeine
metabolism, short haf-life, long-term storage).

A recent sudy by Wen et al. (2001) showed no association between caffeine consumption and
spontaneous abortion in women who did not report nausea. However, the authors did observe an
asociaion between caffeine consumption of 300 mg/day and more and spontaneous abortion in women
reporting nausea (odds ratio 5.4, 95% confidence interval 2.0-14.6). This is based on 4 cases only,
prospective data on caffeine intake and nausea status and duration have been collected only monthly, and
nausea severity has not been taken into account. Thus, other explanations than a causd rdationship with
caffeine consumption have to be considered.

In conclusion, caffeine intake up to 3-4 cups/day or 300 mg caffeine/day is unlikely to be causaly rdlated
to spontaneous abortions. Nevertheless, in some subgroups of women (e.g. norsmokers, women with
nauses), higher caffeine consumption (>300 mg/day) might increase the risk of spontaneous abortions.

3.1.1.5.4 Congenital anomalies
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Based on two cohort and four case-control studies it was concluded, that taken together these studies do
not provide evidence of a teratogenic risk of coffee intake (IARC, 1991). Two studies in mothers taking
cdfeine-containing drugs during pregnancy showed ether a nonggnificant increese of congenita
malformations in cases (2.4 %) compared to controls (1.5 %) (Nelson and Forfar, 1971) or adight
nonsignificant decrease (RR=0.98, 95 % Cl 0.7 to 1.2) (Heinonen, 1982). More recent studies showed
no relationship between caffeine consumption during pregnancy and incidence of maformations in offgoring
(Olsen, 1991, Olsen et al., 1991). Retrospective information on caffeine intake during pregnancy
showed developmentd delay or centra nervous system dysfunction and congenita anomalies with coffee

consumption of 2 or more cups of coffee (Tanaka et al., 1990). In conclusion there is no relationship
between caffeine consumption up to 2 cups/day and maformations.
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3.1.1.5.5 Fetal effects

Feta heart rate changes and increases in aortic ped velocities were observed in mothers after oraly
ingestion of a caffeine citrate solution (100 mg/m? body furface area) between 25 and 36 week of
gestation (Miller et al., 1994). In fetuses of mothers not exceeding a dally caffeine intake of 200 mg
tempord didributions of fetd behavioura dates resembled those found in most normd thrid-trimester
pregnancies (Devoe et al., 1993).

3.1.1.5.6 Effectsin infants

Newborn cardiac arrhythmias was associated with maternd caffeine intake (Hadeed et al., 1990,
1993). Maternd caffeine consumption was associated with centra and obstructive apnea in infants
(Bancalari et al., 1991, Ford et al., 1998). Except breech presentation no infant outcome measures
were associated with prenatal caffeine exposurein infants (Barr et al., 1991).

Conclusion: Data are inadequate for an assessment.

3.1.1.5.7 Effectson sperms

The addition of caffeine to human sperm incressed sperm moatility (IARC 1991). In a cross sectiond study
in male volunteers aged 19-35 common lifestyle factors (smoking, caffeine, and acohol) were associated
with increased frequencies of sperm aneuploidy (Robbins et al. 1997). No sgnificant effects of smoking,
caffeine intake, and acohol consumption on sperm morphometric parameters were observed in another
cross-sectiona study in male volunteers aged 18-35 (Vine et al. 1997). Conclusion: Data are inadequate
for an assessment.

3.1.2 Acute Toxicity

After ord gpplication the LD50 for rats (10 animas/group/sex) was found to be 261-383 mg/kg bw; as
clinical symptoms of toxicity, dyspnoea and staggering were seen after ord inteke (BASF AG 19853). In
further reports the oral LD50 for rats was reported to be 200-400 mg/kg bw (NTP 1982a) and for mice
185 mg/kg bw (NTP 1982b). The inhaation of the substance by rats as an aerosol for a period of 4 h
resulted in an LC50-vaue of ca 4.94 mg/l. Irregular and accelerated respiration were noted in this study
(BASF AG 1989D).

The LD50 for dermd application was >2000 mg/kg bw; no clinical symptoms of toxicity were observed
(BASF AG 1988d)

Concluson: In animas sudies caffeine showed moderate toxicity after oral uptake and inhaation and alow
acute toxicity after dermal trestment.

3.1.3Corrosivenessand Irritation

The undiluted substance was not irritating to the eyes of rabbits. Mean irritation indices were 0.9 (corned
opecity), 0 (iritis), 1.6 (conjunctival erythema) and 0.6 (conjunctivd edemd). The strongest signs of
irritation were observed in 3/3 animals within the first 24h. By day 8 only one anima showed dight corneal
opacity and conjunctiva redness. The substance in a 50% aqueous dilution was not irritating to the skin of
rabbits (Irritation index was 0) (OECD guideline 404 and 405, BASF, 1985h).

Concdlusion: Ceffeineis not irritating to skin and eyes.

3.1.4 Sensitization
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No vdid data available.
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3.1.5 Repeated Dose Toxicity

In a 90-day ord toxicity study, the test substance was administered in drinking water to groups of Fischer
344 rats and B6C3F1 mice (groups of 12 animal§/sex).

Rats were given 188, 375, 750, 1500, and 3000 ppm in the drinking water (ca. 19.7, 42, 85.4, 151, 272
mg/kg bw/d for maes and 23, 51, 104, 174, and 287 mg/kg bw/d for females, caculated from weight and
water consumption); control groups were given tap water.

The body weight gains of dl treated groups were decreased. The effect was significant in the highest dose
only (reduction of 26%, males, 20%, females). Water consumption was decreased in rats given 3000 ppm,
whereas it was increased in the 750 and 375 ppm groups. No marked changes in clinica signs of toxicity
were observed up to 1500 ppm. No doserdated changes inclinical chemigry were seen. With one
exception (cdllular enlargement in sdivary gland), no pronounced sgnificant changes in gross morphology
or microscopic findings were observed. The authors gave no description of adverse effects. The effect
observed in the sdlivary gland was described as dose dependent in rats; in mice it was observed only in the
highest dose group. The effects in the sdivary gland were considered adaptive. Reversible effects in the
sivay glands ae a wel known pharmacologica effect of caffeine (sympathicomimetic). These
morphological changes are not consdered to be an adverse effect of the substance. Findly, micrascopic
evauation of sex organs reveded no significant differences between exposed and control rats (NTP Expt.,
1983).

NOAEL rat : 1500 ppm (mae 151 mg/kg bw/d; female 174 mg/kg bw/d)

Mice were given 94, 188, 375, 750, and 1500 ppm in the drinking water (ca. 21, 44, 85, 130, 167
mg/kg bw/d for maes, 25, 47, 88, 134, 180 mg/kg bw/d for femaes, caclulated from weight and water
consumption); control groups were given tap water.

Mean body weight gain was significantly, but not dose- dependently depressed for the 188, 375, and 750
ppm male dose group animas by 26%, 25%, 18% resp., but not in the 1500 ppm dose. Femaes showed
little variation in weight gain. Food consumption was unaffected. Water consumption was decreased by
10% and more in the 1500 and 750 ppm dose group animals, whereas the water consumption was
increased by 10% and more in the 94, 188, 375 ppm dose group animas. Adaptive changes in the sdivary
glands were aso observed in mice in the highest dose group only (explanation see rats). Additiondly, no
tumors were seen in the sdlivary glands of mice which were treated with caffeine in the drinking weter over
2 years (Mohr et d. 1984). Since no dlinical sgns of toxicity, or changes in clinica chemistry were seen,
neither were datigticaly sgnificant changes in gross morpology or microscopic findings (including the sex
organs) observed (NTP Expt., 1983), the highest dose was the NOAEL.

NOAEL mice: 1500 ppm (mae 167 mg/kg bw/d; femae 179 mg/kg bw/d)

Additiondly no sgnificant toxic effects were reported in older studies (i.p., drinking water or derma
gpplication) that are poorly documented.

Concluson:

In adequately performed studies, administration of high doses of caffeine (ca 160 mg/kg bw in rats, ca
170 mg/kg bw in mice) caused ro sgnificant toxic effects. In these studies no histopathologica changes
were found in the gonads of rats and mice. The findings of testicular athrophy and decreased absolute testis
weights described in earlier feeding studies with Holtzman and Spraque Dawley rats could thus not be
confirmed (Friedman et ., 1979, Gans 1984).
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3.1.6 Genetic Toxicity

There were many studies for different endpoints available. All studies were evduated and in the following
text only the most relevant, well- documented studies are discussed.

Genetic Toxicology in vitro

Genemutationinvitro

In a round-robin-study performed at severa inditutions the substance was negative in bacterid tests
(Sdmonella typhimurium TA98, 100, 1535, 1537, 1538 and E. coli WP2 uvrA) with and without
metabolic activation tested up to 3333 ug/plate or 10, 000 ug/plate (Dunkel et d., 1985, Mortdmans et
a., 1985,) and in the Mouse Lymphoma test up to 10620 ug/ml without metabolic activation (Amacher et
al., 1980).

Generdly, the tests for detecting gene mutations (e.g. bacterid tests, Ames tests, Mouse lymphoma test
and HPRT tedts (in diffentent cell lines) showed negative results. A poorly documented UDS test in human
lymphocytes (tested up to 583 ug/ml) was aso negative.

Chromosomal aberrationsin vitro

Caffeine was not clastogenic in cytogenetic studies performed with human lymphocytes (tested up to 100
ug/ml exposure time 8h, which showed cytotoxic effects) (Aeschbacher et d., 1985), while test with CHL
cdl lines without metabolic activation (Ishidate, jr. 1977) showed a positive response, duein part to testing
in concentrations above the levels recommended in the OECD/EU guiddines (i.e. over the 10mM levd).
In a poorly documented study, postive findings were aso noted in CHO @ls in concentrations of 5.5
mM. Eight in vitro SCEassays performed with different cdl lines gave negative (3), podtive (4) and
ambigous (1) results. The relevance, however, of results from SCE assays for the assessment of genetic
toxicity is presently uncleer.

Genetic Toxicology in vivo
Gene mutation

A single ord dose of up to 2000 mg/kg bw did not induce UDS in pancrestic cdlls from F344 rats treated
with caffeine (abgiract only, Steinmetz and Mirsdis, 1984).

Negative results were shown in a weakly documented host-mediated assay in mice with Sdmondla
typhimurium G46 tested with up to ca. 33 mg/kg bw, i.m. application (Gabridge and Legator, 1969). Ina
modified hos-mediated assay in mice with E. coli K12, caffeine was dso negative (2x91 mg/kg ip.
injection) (King et d., 1979).

Chromosomal aberrations

The substance did not induce chromosomal aberrations in the blood of rats after administration in feed
(46 mg/kg bw/d) for 117 weeks, (Granberg-Oehman et d., 1980) or in the testicular tissue of mice after a
sgnglei.p. adminigration of 200 mg/kg bw (Adler, 1966).

No chromosoma aberrations or aneuploidy was observed in the oocytes of mice after i.p. application of
150 mg/kg bw (Mailhes et a. 1996).

Investigations with lymphocytes from human volunteers who had a daily intake of 800 mg (4x200 mg) of
caffeine over 4 weeks showed no increase in chromosome damage. The highest leve of caffeine detected
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in the plasma was 30 pg/ml. Isolated lymphocytes from untrested donors administered this concentration
(30 pg/ml) severd times were dso negative. However, caffeine produced damage in human lymphocytesin
culture after a sngle 48h treatment with 250- 750 ug/ml (Weingein et d. 1972).

Further cytogenetic tests with bone marrow cells from mice and rats gave no indication of a clastogenic
effect (see IUCLID).

Most of the in vivo SCE-assays with ras, mice and hamsters were positive. However, in the 117 week
feed study in ras (Granberg Oehman et d., 1978) no SCE induction was observed. However, a
toxicologica relevance is questionable due to the other negetive in vivo sudies.

Caffeine was negative in the mouse bone marrow micronucleus test (i.p. administration of up to ca 97
mg/kg) (King et d., 1979). In further micronucleus tests, Swiss CD-1 mice (in- and outbred mice)
received 50, 75 or 100 mg/kg bw caffeine and Chinese hamsters received 75, 150 or 300 mg/kg bw by
gavage twice with a24h interval, and with the second dose being given 6h prior to sacrifice, or dternativly
given once 30h prior to sacrifice. Only the highest dose (in the range of the LD50) caused an induction of
micronuclel in hamsters and mice (Aeschbacher et d., 1986). Other poorly documented micronucleus
tests with rats and mice have been published and were dso negative.

A dudy was performed by i.p. application to compare the ability of caffeine to induce micronudlei (in
mice and Chinese hamdger) versus chromosomal aberrations, ad SCE (in Chinese hamder)
(Tsuchimoto and Matter, 1979). In the micronucleus test with mice the doses used were 100 and 250
mg/kg bw and they were administered via i.p. twice with an interva of 24h. In the sudies with hamgers,
100 and 200 mg/kg bw were used. For the micronucleus screening and chromosoma aberration tests, the
test substance was given twice viai.p. with an interva of 24h, and was only given onetime viai.p. for the
SCE tedt. Niether a clastogenic effect nor an increase in SCE was seen in any of the studies.

Ina Dominant lethal test mae mice were gavaged with caffeine a 90 mg/kg bw for 5 consecutive days
or received it via drinking water a levels of 112 mg/kg bw for 8 weeks. No mutagenic induction of

dominant lethas, preimplantation losses or depression of femde fertility attributable to the test substance
was observed (Aeschbacher et d., 1978). All other dominant letha studies were likewise negative.

Conclusion:

A large number of in vitro results are available and were summarized in a comprehensive review (IARC
No. 51): Sdmondla and classc E. coli studies were mostly negative. Specid E. coli drains and
Saccharomyces showed postive results. In terms of gene mutation in mammadian cdl cultures and UDS
assays, the results were condstently negative. Only a high concentrations were some indications of
clastogenic activity in cdl lines found.

In the mgority of in vivo tets (MNT; CA, DL, HMA) negdtive results were obtained in terms of
mutagenicity and clastogenicity. On the whole, the concluson is drawn that under exposure relevant
conditions there are no indications of genotoxicity of caffeine. This is dso the overd|l assessment of the
IARC evauation (see publication No. 51, 1991 for more details).

3.1.7 Carcinogenicity

In a 104 week drinking water study, the substance was administered to Sprague-Dawley rats (groups of
50 animals/sex) at concentrations of 200, 430, 930 and 2000 ppm (12, 26, 49, 102 mg/kg bw/d maes
and 15, 37, 80, 170 mg/kg bw/d, femaes). There was adightly increased mortality in males a 2000 ppm.
Decreased body weights were found in both sexes at 930 ppm (11%) and 2000 ppm (25%), associated
with reduced food and water consumption.
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There were no datisticaly sgnificant differences between control and treated animas for tumor incidences
of any type except for mammary fibroadenomas. The incidence of mammary fibroadenomas showed a
significant inverse dose response relationship (26% high dose vs. 50% control) (Mohr et d. 1984).

Severd other carcinogenicity studies, including initiation promotion studies, have been performed, and all
of them were negative; however, they were judged by IARC to be of limited value (e.g. only one dose was
used, or only one sex, or only one tissue (mammary gland of mice), or the animals were not exposed to the
test substance for 2 years). Due to these limitations they were not used as key studies for caffeine.

Concluson:
There was no satisticaly significant increase in the tumor incidence of caffeine treated rats as compared to

controls, even a doses exceeding the maximum tolerated dose and given to animals over amgjor portion
of ther lifepan.

3.1.8 Toxicity to reproduction

Rat Study
The potentid reproductive toxicity of caffene in Sprague-Dawley ras was evauated using the

Reproductive Assessment by Continuous Breeding (RACB) protocol.

Task 1 (dose-finding sudy)

Caffeine at dose levels of 0, 50, 100, 150 and 200 mg/kg was given via gavage to 8 animals/sex/dose for
28 consecutive days. Based on decreased body weights, food consumption, increased water
consumption, and mortality the dose levels for the continuous breeding phase were set at 12.5, 25, and 50
mg/kg bw/d (5 ml/kg).

Task 2 (cohabitation period)

Mde and femde Sprague-Dawley rats (20 pars/group) were exposed to caffeine in deionized water by
gavage. During 16 weeks of cohabitation, live pup weight adjusted for litter Size was decreased by 7, 7,
and 8% in the 12.5, 25, and 50 mg/kg bw/d dose groups, respectively. No differences were observed in
litters per pair, number of live pups per litter, proportion of pups born aive and sex ratio.

Decreased pup weight was observed concomitant with dose-dependent reduced dam weight gain. At
necropsy, no differences were noted in FO mae or femae absolute organ weight data; however, many
relative organ weights were increased in al dosed groups when compared to controls. These differences
were attributed to the decrease in termind body weights. No treatment-related gross or microscopic
lesions were observed in kidneys, testes or epididymis of FO males. In the FO generation sperm parameters
(velocity and average radius) were decreased (7-12% and 22-36% resp.) in dl trested maes. Sperm
moatility was dose- dependently decreased (3%) and percent normal sperm was dightly decreased in the
high dose maes.

Task 3 (crossover mating)

A crossover mating trid revedled no changes on mae or femae fertility or in pup weight. Reproductive
parameters (as describe in Task 2) were comparable between dose groups when naive males were mated
with control or 50 mg/kg bw/d femaes and when naive femaes were mated with control or 50 mg/kg bw/d
males.
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Task 4 (second generation evauation):

No mortality was observed in any of the F1 animas. No treatment-related differences were observed in
pup weights during lactation (post natal day 1-21). From the initiation of dosing (post natal day 22) through
the maturation phase up to the termination of Task 4, mean body weights of the F1 low-to- high dose maes
and femaes were decreased dose-dependently (approximately 12%,18% and 23% when compared to
controls). Mean body weaght and feed consumption were decreased (5 19%) in al treated groups.

A decrease in the number of live F2 pups per litter (21%) and the proportion of pups born dive (4%) in
the 50 mg/kg bw/d dose group was noted. No differences in other endpoints were observed between
dosed groups and controls.

At necropsy, many decreases were noted in F1 absolute organ weights and

many increases in F1 relative organ weights were observed in dl treated groups. These differences may be
attributed to the decreased termina body weights. No trestment-related gross or microscopic lesons were
observed in the F1 animals.

The motility and velocity of sperms was dightly decreased (4% and 9% resp.) in the 50 mg/kg F1 maes
and average radius was decreased (23-26%) in the mdes of mid- and high dose group. The remaining
sperm parameters were unaffected.

A no-observable-adverse-effect level (NOAEL) was not established in this study as the 12.5 mg/kg
animds displayed reduced body weight gain in FO and F1 animas (NTP, 1996).

Micestudies
Caffeine was tested for its effects on reproduction and fertility in Swiss CD-1 mice at two laboratories,

each using a variation on the standard RACB study design. One laboratory performed Tasks 1, 2, and 3,
while the other laboratory performed Tasks 1, 2, and 4 (see below) (NTP 1984 ab).

Inthefirst study:

Task 1 (dose-finding study)

Caffeine was administered via drinking water a dose levels of 0, 10, 30, 100, 300 and 1000 ppm (ca. 2,
6, 20, 60 and 200 mg/kg) to 8 animal/'sex/group for 14 days.

All 16 animas exposed to 1000 ppm died within 2 weeks. The cause of the dead was diagnosed as
cardiac myodegeneration and tubular nephrosis. Data on body weight, clinica signs, and food and water
consumption were collected during this dose-range-finding phase, and used to set exposure concentrations
for Task 2 a 0, 120, 250, and 500 ppm ( = ca. 22, 44, and 88 mg/kg bw/d) in drinking water.

Task 2 (cohabitation period)

In this phase 40 animas/sex for the control and 20 animals/sex for the treated groups were paired.

The animas were exposed to caffeine via drinking water during a 7 day premating period and during the
100 day cohabitation period.

Water consumption and body weights were not affected. Three control mice, 1 low dose, and 1 middle
dose mouse died during the study (no data were given about the cause). Treated mice were aso reported
to have logt facid hair, but the percentages and groups involved were not specified.

There was no effect on the mean number of litterg/pair or on the mean number of pups/litter. However,
there was a 20% reduction in the number of live mae pupsllitter in the 500 ppm group. The proportion of
pups born alive was reduced by 3%, 5%, and 5% in the low, middle and high dose groups, respectively.
Additiondly, pup body weight adjusted for litter Sze was reduced by 4% ét the high dose.
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Task 3 (crossover mating)
A crossover mating trid was performed. There were no differences between the groups in the mating and
fertility indices, and no differences with respect to pup number or viability or weight.

Task 4 was not performed in this study. After 7 days of vagind smears to evauate cyclicity, the control
and high dose (500 ppm) Task 2 mice were killed and necropsied. Female body weight was reduced by
5%, while relative organ weights were unchanged. Ante-mortem vagina cydicity was unaffected. Mde
body weight was unchanged by consumption of 500 ppm caffeine but adjusted liver weight was increased
by 10%. Absolute testis weight dropped by 7% and adjusted serinal vesicles weight decreased by 12%.
Sperm motility values for controls was low (47% moetile), so the 21% reduction in the treated group should
be viewed with caution. Smilarly, the control epididyma sperm dendty was nearly equd to haf of the
subsequent control vaues for this lab, so the significant increase in sperm dendity in the caffeine-treated
groupislikely erroneous.

In conclusion, the dight but sgnificant reductions in (mae€) pup number, pup viability, and adjusted pup
weight suggest that caffeine produced some dight reproductive toxicity. This occured in the presence of
dight indications of generd toxicity (body or organ weight changes) (NTP 1984 a).

NOAEL (mouse): ca. 22 mg/kg bw/d (120 ppm) (FO parental) (Task 2)
22 mg/kg bw/d (120 ppm) (F1 offspring) (Task 2)

Caffeine was tested in the other laboratory that performed Tasks 1, 2, and 4.

Task 1 (the dose-range-finding)

8 mde and 8 femade CD-1 mice per dose group were given 0, 12, 33, 100, 300 and 1000 ppm (ca. 2.4,
6.6, 20, 60, 200 mg/kg) caffeine in their drinking water for 14 days. Based on body weights, clinica
findings, food and water consumption, the concentrations for Task 2 were set a to be 0, 120, 250, and
500 ppm (= 22, 44, and 88 mg/kg/d).

Task 2 (cohabitation period)

In this phase 40 animag/sex for the control and 20 anima/'sex for the treated groups were paired.

The caffeine treetment was during the 7 day premating period, the 98 day cohabitation period and the 21
day segregation period. Water consumption was not affected in dl trested groups. For the FO animals,
there were no effects on body weight. Alopecia occurred in 55% of the mid dose and 50% of the high
dose animas.

While there were no exposure-rdated changes in the number of litterd/pair, viability, or adjusted pup

weight, the number of live pups per litter, averaged over 45 litters was decreased for the mid (15%) and
high dose (20%) animds.

Task 4 (second generation evauation)

The offgpring from the lagt litter of control and high dose (500 ppm) mice were reared by their dams until
weaning, and then they were given the same treatment as their parents until mating at 74 + 10 days of age.
In the second generation mating tria, there were no changes in any reproductive endpoint.

At necropsy, in the 500 ppm group, male body weight was reduced by 8% while mae adjusted liver
weight increased by 8%. No change was found in femae body organ weights, or in any sperm endpoint.
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In summary, a reduction in the number of live pupsllitter for the FO generation was the only reproductive
effect observed in this study. This occurred in the absence of a change in body weights in the FO parentd
mice, but in the presence of clinica findingsin form of aopecia (NTP 1984 b).

NOAEL (mouse): ca. 22 mg/kg bw/d (120 ppm) (FO parental) (Task 2)
22 mg/kg bw/d (120 ppm) (F1 offspring) (Task 2)

NOAEL (mouse): ca. 88 mg/kg bw/d (500 ppm) (F1 parental) (Task 4)
88 mg/kg bw/d (500 ppm) (F2 offspring) (Task 4)

In addition to the key studies described above, there are numerous other studies some of them with unusua
study designs described in the IUCLID measter. In a two generation study with Wistar rats the
adminigtration of 30 mg of caffeine’kg bw led to a marked degeneration of the testis in the FO generation
males after 38 treatment days. The findings were characterized by a significant overal size reduction in the
tedtis, breskdown of the germind epithdium, accumulation of cdlular debris in the lumen of seminiferous
tubules, and asignificant reduction in the abundance of mature spermatozoa (Pollard et . 1988).

In another study when caffeine was administered to the dams during pregnancy (30 mg/kg/day from day 1
of gedtation until sacrifice), a sgnificant inhibition in the differentiation of the interdtitiad tissues and Leydig
cdls was obsarved in their mae fetuses. In the ovaries of femae fetuses caffeine had no influence on the
mitotic rate or morphology of germ cells. Later in development the numbers of femade germ cdls entering
meiods were comparable to the controls (Pollard et a. 1990).

In a further 2-generation study in Sprague-Dawley rats with an unusua study design, it was demonstrated
that the exposure to caffeine (30 and 60 mg/kg/day) did not affect the sexua receptivity, fertility, gestation
length, or materna behaviour of the F1 females, but parturition was prolonged and the viahility of the F2
generation was serioudy jeopardised (Pollard, et d. 1992). All three studies are not comparable with
guiddine- studies, and thus, these data are difficult to assess.

Three experiments were conducted to investigate the effects of feeding caffeine to Osborn-Mendel and
Holtzmann rats a a digary levd of 0.5% (ca 230 mg/kg/d). An induction of tedticular arophy,
oligospermatogenesis and aspermatogenesis was observed after 14, 64 and 75 weeks in Osborn-Mendel
rats and after 19 weeksin Holtzmann rats (Friedman at a. 1979, Weinberger et d. 1978). Because of the
high mortality (75% at 14 weeks, 35% at 64 weeks, 60% at 75 weeks, 63% at 19 weeks) and the single
dose tested, the Studies are regarded to be of limited vaue for assessng the toxicologica potential of the
substance. Smilar findings were obtained in a study with Sprague Dawlay rats, which were fed 0.5%
caffeine (Gans, 1984). However, no data were given about the group size, surviving animas and the
number of rats with testicular arophy.

In contrast, testicular findings were not observed histopathologicaly in well documented subchronic studies
in rats and mice (see 3.1.5).

Conclugon:

In summary in severa well documented studies, caffeine resulted in dight reproductive effects at high doses
(e.g. reduced number of pups born dive per litter) occurring in the presence of generd toxicity (body
weight gain) in parentd rats and mice.

In well documented 90 day-studies performed in rais and mice, no Sgnificant differences in sperm
morphology, vagind cytology and histopathology of the gonads were seen (see 3.1.5.).
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3.1.9 Developmental Toxicity / Teratogenicity

Devedopmentd effects were sudied in female Osborne-Mendd rats treated on days O to 20 of gestation.
The substance was administered in the drinking water at concentrations of 70, 180, 360, 700, 1000, 1500,
and 2000 ppm. The corresponding daily caffeine intake were ca. 10, 27, 51, 87, 116, 160, and 205
mg/kg bw/d. Sacrifice of the dams and examination of the pups was made on day 20 of gedtation.
Decreased materna food and water consumption and significantly decreased maternal body weight gain
[by 8% (700 ppm), 25% (1000 ppm), 50% (1500 ppm) and 71% (2000 ppm)] were observed. At 1500
and 2000 ppm, decreased implantation efficiency, increased resorptions, and decreased mean humber of
viable fetuses were noted. The number of runts was increased at 1000 ppm and higher. Decreased feta
weight and length, and an increased incidence of edematous fetuses were observed at 700 ppm and higher.
Variations in the form of sernebral ossfication deficiencies were increased a al dose levels except at 70
ppm, and in the form of skeletal ossification deficiencies in a dose related manner from 700 ppm and
higher. No teratogenic effect was found (Callins et d., 1983).

NOAEL maternal toxicity: 360 ppm (ca. 51 mg/kg bwi/d)
fetotoxicity : 70 ppm (ca. 10 mg/kg bw/d)
teratogenicity : 2000 ppm (> 205 mg/kg bw/d)

Smilar results were obtained in a drinking water and a gavage study with Osborn-Mende rats (Collins et
a. 1981 and 1987). In the drinking water study body weight depressions as well as skeletd retardations in
fetuses were observed in doses of 360 ppm and higher. In the gavage study a teratogenic effect was found
in higher maternally toxic doses (80 mg/kg bw and higher).

Intwo NTP studies, CD rats were administered the test substance by gavage.

Administration of 0, 40, and 80 mg/kg bw/d on gestation days 1 to 19 to groups of 20 rats (developmental
evauaion on gestation day 20) resulted in maternd toxicity indicated by sgnficantly reduced maternd
weight gain in al treated groups (35% and 43% resp.). Feta weight was significant reduced (13%) a the
high dose level. The number of implantation dtes, the percent of live fetuses/litter and the number of
resorption and dead fetuses were not affected. No increase in the rate of external, viscerd, or skeletd
maformations was seen (NTP, 1984c).

LOAEL: 40 mg/kg bw/d (materna toxicity)
NOAEL: = 40 mg/kg bw/d (fetotoxicity)
NOAEL: = 80 mg/kg bw/d (teratogenicity)

In the second study groups of 12 dams were administered 0, 10, 20, and 40 mg/kg bw/d of the substance
on gegtation days 1 to 20 and were alowed to deliver. The pups were subsequently evaluated for postnatal
growth and severd functiond parameters. No adverse effects on offspring physical development,
behaviour or cardiovascular function were observed, dthough materna body weight gain was sgnificantly
reduced in all treated rats (14%, 12% and 18% resp.) (NTP, 1984c).

LOAEL: 10 mg/kg bw/d (maternd toxicity)
NOAEL: = 40 mg/kg bwi/d (fetotoxicity)
NOAEL: = 40 mg/kg bw/d (teratogenicity)

Several sudies were performed to assess reproductive and/or developmentd toxicity with brewed or
ingant coffee. In these sudies the animals received coffee as ther drinking fluid, which yielded doses of
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caffeine of ca 38-80 mg/kg. In dl studies with the exception of one (see below), no teratogenic effects
were found. In some cases delayed ossification of the sternebrae was observed. In more recent guiddline-
like studies where rats were treeted with higher doses of caffeine, these findings (maformations) could not
be confirmed (see below).

In this older study with rats, maformations were observed. Namely, in a combined subchronic,
reproductive, developmental study with freshly percolated coffee in drinking water (9, 19, 39 mg/kg bw/d)
or when caffeine was administered by gavage or in drinking water (30 mg/kg bw/d), cleft paates and
delayed ossifications were observed, however these findings were not dose- dependent. For coffee intake
of 0%, 12.5%, 25% and 50% the number of observed fetuses with cleft palates were 1/423; 8/207,;
5/225; 4/229, and for caffeine gavage intake 1/252, and caffeine in drinking water 2/245, only. Delayed
ossification was found after coffee intake in 0/256; 8/128; 62/141; 11/148 and dfter caffeine intake in
12/171 and 15/160 animals respectively. The animals received coffee or caffeine before mating, throughout
gedtation and up to 27 days after parturition. Effects on fertility, litter Sze and neonatad growth were not
observed. No information about materna toxicity was given in the report (Palm et al., 1978). The fact that
these results were not dose dependent cdls into question their relevance. In severd studies performed in
mice caffeine was given either once by i.p. injection, by feed (in pellets) or via drinking water. Cleft paats
were observed in thei.p. and feeding study, but not in the drinking water study. It is worth noting thet feed
and water study were parallel studies using the same dose. It is known from literature (Schwetz et a.1977,
Beyer and Chernoff, 1986) that in this species stress (caffeine is a sympathomometic), or a decrease in
water intake during gestation may induce this type of maformation. Therefore, no mouse study was chosen
asakey sudy.

A behaviord study was performed with forty adult monkeys which were administered caffeine in drinking
water at concentrations of 0.15 and 0.35 mg/ml (ca. 10-15 and 25-30 mg/kg bw/d) before, during and
after pregnancy.

Previoudy reported results indicated that exposure to caffeine resulted in a doserelated increase in
reproductive failure (dillbirths, miscarriages) and decreased maternal weight gain and decreased infant birth
weight. These results may be the consequence of devated serum levels of not only caffeine but adso its
pharmacologicaly active metabolite theophylline, which is the mgor metabolite in monkey but not in
humen.

Anayss of blood and 24-hour urine samples (collected every 2 weeks) reveded a number of both
pregnancy and treatment-related effects. decreased levels of serum cholesterol and triglyceride during
pregnancy in al groups (pregnancy-related), increased levels of serum and urine cregtinine in the trested
groups (substance-related), unatered serum glucose levels in the high dose group (substance related, this
vaue usudly dedlines during pregnancy), and depressed levels of serum estrogen in the high dose group
(substance-related).

According to the authors, these findings indicated that the test substance may influence materna physiology
during gestaion in the monkey.

Additiondly, the somatic development (like body weight, tooth eruption, skelettal development and
measures etc.) of the infants was monitored. Materna blood and milk concentrations of the test substance
were smilar to infant blood concentrations.

Infant body weights and somatic messurements (like bone and head lengths), were reduced over the first
30 days in males. The deficits were reversible and not evident after one year of age. Tooth eruption and
milk consumption were not affected. According to the authors, this indicated that caffeine can dter infant
somatic development (treated monkeys were sgnificant smdler than controls) when consumed during
pregnancy.

Behaviord tests were conducted in the infants. At 30 days of age, the infants were trained to press a button
to receive areward (infant formuld). Thereafter, a variable number of button presses (variable ratio
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schedule) were required to get formula. Monitoring of feeding time reveded that the treated infants spent
sgnificantly more time feeding than controls. On the variable ratio schedule, the high-dose group had
congigtently longer pause times and longer interresponses than controls. According to the authors, these
results indicated thet in utero exposure to caffeine and its metabolites resulted in dtered behaviora patterns
in infant monkeys (Gilbert and Rice, 1991alb, 1994).

There were further developmenta neurotoxicology studies, mostly performed in rats. However, according
to IARC monograph Vol 51(1991), these studies were reviewed and the effects observed were not
conggtent across the studies. Thus, it was concluded by |ARC that “ caffeine may cause subtile changesin
discrete neuronal subsystems but has not to be regarded to be a neurotoxicant in the sense of disrupting
primary neurond systems."

Concluson:

In materndly nontoxic doses no teratogenic effect was observed in severd studies with rats. Slight
fetotoxicity was observed in the rat study in the absence of maternd toxicity.

In summary, anima studies demondrate that high bolus-doses of caffeine can result in gross maformations
and resorptions, while prolonged sipping or infusion of the same total dosage during organogenesis caused
only reversble ddays in growth. The condgderation of pharmacokinetic data is essentia for appropriate
intra-species ad interspecies risk extrapolation. Animal data indicate that the probable blood level of
caffeine required to produce teratogenic effects is in excess of 60 pug/ml. This blood level can only be
reached in rodents as short-term peak concentrations by administration of large bolus dosages (gavage) in
amounts exceeding 40-60 mg/kg bw/d. It can aso be assumed that this would correspond to 800 mg/kg
bw/d of caffeine given to rats in the drinking water. Using this hypothetical data, an 800 mg/kg bw/d
dosage of @ffeine would require a 70 kg human to consume about 50 g of caffeine within a short time
period. This cannot be achieved by consuming usud caffeine-containing drinks over severa hours (both in
human and animd) (Chrigtian and Brent, 2001).

Chrigian and Brent (2001) concluded, that pregnant women, who do not smoke or drink acohol and who
consume moderate amounts of caffeine (<5-6 mg/kg bw/d spread throughout the day) do not have an
increased risk of reproductive effects.
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4 Hazar ds to the ervironment

4.1  Aquaticeffects

Thefollowing acute toxicity test results with aguatic organisms are available:

Leuciscusidus LC50(96h) 87 mg/l BASF AG, 1988b
NOEC (96h) 46 mg/l

Daphniamagna EC50(48h) 182 mg/l BASF AG, 1989
ECO (48h) 3.91

Scenedesmus subspicatus ErC50(72h) >100 myg/l BASF AG, 2001b

(Desmodesmus SUbspICAILS)  E1 (72h) > 100 mg/l
Pseudomoneas putida EC50(17h) 3490 mg/l BASF AG, 1988c

All effect vaues are related to nomina concentrations. In the adga test the test substance concentration was
monitored by HPL C. The measured concentrations were between 96.5 and 105.8 % of the nomind values
and the results were related to nomina concentrations.

Based on this data, caffeine is consdered as harmful to aguatic organisms.
Results from prolonged or chronic studies are not available.

Based on the most sendtive data, Leuciscus idus LC50(96h) 87 mg/l, a PNEC for the aguatic
compartment of 0.087 mg/l can be derived by applying an assessment factor of 1000, according to the
Technicad Guidance Document for the EU risk assessment procedure.

42 Teredrial effects

In a non-standard study the effect of caffeine on rice seedlings was investigated over a6 day period.

0.5 — 10 mM caffeine inhibited the growth dose-dependently. Shoot elongation was inhibited by 50 % with
25 mM caffeine (485 mg), whereas root eongation was inhibited by 80 % with one trestment at the same
concentration (Smyth, 1992). As the tests were performed without soil but with filter paper, the results
cannot be used for the derivation of a PNECsoil.

The LD50 for red flour beetle, exposed to flour medium treated with caffeine, was 288 mg/kg for adults
and 251 mg/kg for larvee (Mondd et d., 1992).

Investigations with red-winged blackbirds and starlings showed LD50 vaues of 316 mg/kg BW and >500
mg/kg BW respectively (Schafer et d., 1983).
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5 Conclusions and Recommendations
51 Conclusons

In 1999 the estimated world production amounts to 10,000 — 15,000 tons including 3,000 to 4,000 tons
of naturd caffeine. Worldwide, there are 18 production sites known for the technical product caffeine and
about 7 to 8 for naturd caffeine.

The substance is predominantly used in the food (80 %) and pharma sector (16 %). A smaller part is used
in cosmetics (3 %) and in technical applications (1 %).

Releases into the environment may occur during production of caffeine, during formulation and use of food
and pharmaceuticals.

Measured data on emission into the atmaosphere or into surface water via waste water treatment plants are
not available.

According to a Mackay | modd the target compartment for the substance is the hydrosphere with 99.99
%.

Caffeine can be regarded as readily biodegradable. Hydrolysis is not expected to occur. In the atmosphere
the substance will be photodegraded by reaction with hydroxyl radicas with an estimated haf-life of 19.8
h. The substance has no potentid for bio- or geoaccumulation.

Short-term tests are available for fish, daphnia and adgae. Based on acute toxicity studies caffeine can be
considered as harmful to aguatic organisms. Following the EU risk assessment procedure the PNEC for
the aguatic compartment can be caculated to 0.087 mg/l by applying an assessment factor of 1000 on the
most sensitive species (Leuci scus idus LC50(96h) 87 mg/l).

In animas studies caffeine showed moderate toxicity after oral uptake and inhdation and a low acute
toxicity after dermad treatment.

LD50 rat ord: 261-383 mg/kg, LCH0 rat inhdative: ca. 4.94 mg/l/4h; LD50 rat derma: > 2000 mg/kg)
The undiluted stbstance was not irritating to the eyes of rabbits; the substance in a 50% agueous dilution
was not irritating to the skin of rabbits.

In a 90-day-drinking water study in rats and mice a dight decrease of body weight gain was observed. No
dinicd d9gns d toxicity or sgnificant gross leson were seen in ether rats and mice. The NOAEL for rats
was 1500 ppm (ca. 151 - 174 mg/kg bw/day) and for mice 1500 ppm (ca. 167-179 mg/kg bw/day).

There are numerous studies available concerning genetic toxicity in vitro and in vivo. Collectively the results
indicate no evidence of mutagenic effects. The weakly positive result reported in one micronucleus study
with mice has so far not been confirmed.

There was no datidicaly sgnificant increase in the tumor inciderce in trested animas as compared to
controls even at doses exceeding the maximum tolerated dose and given to rats over a mgor portion of

thelr lifespan.
Caffeine resulted in reproductive effects occurring in the presence of generd toxicity in parental rats and

mice. A NOAEL in rats was not established. NOAEL : mouse 22 mg/kg bw/d (FO parental, F1 offspring),
88 mg/kg bw/d (F1 parental, F2 offspring).

No teratogenic effects were observed in severd studies in rats. Fetotoxicity without maternd toxicity was
observed in one study. NOAEL: 360 ppm (51 mg/kg bw/d) (maternd), 70 ppm (10 mg/kg bw/d)
(fetotoxicity), 2000 ppm (205 mg/kg bw/d) (teratogenicity). However, in two other studies this finding was
not confirmed. No NOAEL for maternd toxicity could be established; the NOAEL for developmenta
toxicity was 40 mg/kg bw/d; no teratogenic effects were observed.
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Absorption from gastrointestina tract is rapid. Pesk plasma levels are reeched after 15 to 120 minutes
dter ingegtion. The dimination hdf-life in adults is about 2.5 to 4.5 hours. A small percentage is excreted in
bile, sdlvia, semen and breast milk. In both humans and rats, excretion mainly occures via urine (about 90
% doseinrats, > 95 % in humans).

Caffeine metaboliam is quditatively rdatively smilar in animas and humans. The main metabalic pathways
are: demethylation and hydroxylation of the & position leading to the formation of the respective uracil and
uric acid derivetives. There are, however, some quantitetive differences in the metabolic profile

Low doses (up to 2 pg/ml in blood) stimulate the centra nervous system, while high blood concentrations
(10-30 pg/ml) produce restlessness, excitement, tremor, tinnitus, headache, and insomnia. Caffeine can

induce dterations in mood and deep patterns, increase diuresis and gastric secretions. Acute toxicity israre
and isthe result of an overdose. Lethd doseis estimated to be 5 g.

Caffeine and coffee consumption are highly correlated in most populations studied; thus it is difficult to
separate the two exposures in epidemiologic investigations. No association between moderate
consumption of coffee/caffeine and cardiovascular diseases was demongirated in more recent studies. In
short-term clinica trids an increase in blood pressure was seen, whereas in other surveys no relationship
between caffeine consumption and eevation of blood pressure was observed. Caffeine consumed in

moderate amounts did not cause persistent increase in blood pressure in normotensive subjects. Effect on
cardiac rhythm is gl in debate. Small increase in cacium excretion associated with coffeg/caffeine intake
was seen in subjects with dietary calcium deficiency. Caffeine has week reinforced properties, but with little
or no evidence for upward dose adjustment, possibly because of the adverse effects of higher doses.

Withdrawa symptoms, dthough rdatively limited with respect to severity, do occur, and may contribute to
maintenance of caffeine consumption. Caffeine use is not associated with incgpacitation. There is little
evidence for an association of caffeine intake and benign breast disease. No association was found in a
study with biopsy- confirmed controls.

A cohort study with short follow-up period showed no association between caffeine consumption and
mortality from cancers a dl stes. Case control studies of breast cancer showed no association to caffeine
intake. Available data are consstent with a wesk association between bladder cancer and caffeine intake,
but the possihility that this is due to biasor confounding cannot be excluded. Effect of coffee consumption
on colon and pancressis in debate.

There are conflicting reports on the effect of caffeine on human reproduction. A teratogenic effect has not
been proven. While caffeine intake up to 3-4 cups/day or 300 mg caffeine/day is unlikely to be causdly
related to spontaneous abortions or relevant reduction of birth weight, an association between higher daily
caffeine intake and these endpoints can not be excluded. Conflicting results exist regarding a potentid

relationship between caffeine/coffee consumption and delayed conception or infertility.

Risk characterization:

Caffeneislisted in GRAS Food Substances. The tolerance in foods is 0.02%. “The substance is generdly
recognized as safe when used in cola-type beverages in accordance with good manufacturing practice”
(Code of Federd Regulations Title 21- Food and drugs revised as of April 1, 2001)

Caffeinein pharmaceutical useis described in pecific regulation.

* UNEP PUBLICATIONS



OECD SIDS CAFFEINE

Workplace:

Taking worst case assumptions, the maximum exposure of workers during the filter changes is 1.2mg/n¥.
Conddering this high exposure, which is unredigticd for 8 hours, the maximum uptake (absorption: 100 %;
ventilation rate: 1.8 m*/ h) is 17.28 mg/person (ca. 0.3 mg/kg bw/day).

With respect to the NOAEL in subchronic studies - NOAEL for rats was 1500 ppm (ca. 150 - 174
mg/kg bw/day) and for mice 1500 ppm (ca. 167-179 mg/kg bw/day) - there are safety factors of 500 an
higher.

NOAELSs for developmentd toxicity, the mog sensitive endpoint are: NOAEL : 360 ppm (51 mg/kg bw/d)
(maternd toxicity), 70 ppm (10 mg/kg bw/d) (fetotoxicity), 2000 ppm (205 mg/kg bw/d) (teratogenicity).
Even under this worst case assumption, there is till a safety factor of 33 for fetotoxicity. This safety factor
is substantiated by a new publication of Chrigtian and Brent, 2001 in which up to 5 -6 mg/kg caffeine
uptake per day is regarded to have no reproductive risk for humans.

52 Recommendations

Environment: No recommendation for further work, as the substance is readily biodegradable, has a low
bioaccumulation potential and is only moderately toxic to aguatic organisms.

Human Hedtht No recommendation for further work for the following reasons.
The pharmacologica properties of caffeine are wel known. There are many sudies rdevant to

reproductive toxicity; some suggest an adverse effect but the tota data base is inconsstent. The case of
caffeineis regulated by food and drug agencies of nationa governments.
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Date of the literature search (Januar 07, 2000)
Date of ladt literature search:  June 05, 2001

Toxicology

JETOC

RTECS
AGRICOLA
CABA
CANCERLIT
TOXCENTER
TOXLINE
JICST-EPLUS
LIFESCI
TOXLIT
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ESBIOBASE
EMBAL
HEALSAFE
CSNB
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| UCLIDData Set

Exi sting Chem cal ID. 58-08-2
CAS No. 58-08- 2

El NECS Nane caffei ne

EC No. 200- 362- 1

I ndex nunber 613- 086- 00-5
Mol ecul ar Formul a C8H1ON4AC2

Producer Rel ated Part
Conpany: BASF AG
Creation date: 09- DEC- 1992

Subst ance Rel ated Part

Conpany: BASF AG

Creation date: 09- DEC- 1992
Meno: mast er
Printing date: 04- MAR-2003

Revi si on dat e:
Dat e of |ast Update: 03- MAR- 2003

Nunmber of Pages: 291

Chapter (profile): Chapter: 1, 2, 3, 4, 5, 6, 7, 8, 10
Reliability (profile): Reliability: without reliability, 1, 2, 3, 4
Fl ags (profile): Fl ags: wi thout flag, SIDS
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CAFFEINE

1. GENERAL INFORMATION

DATE: 04-MAR-2003
SUBSTANCE ID: 58-08-2

1.0.1 Applicant and Conpany | nfornmation

Type:
Nane:

Cont act Person:

Street:
Town:
Country:
Phone:
Tel ef ax:

Fl ag:
09- AUG- 2001

Type:
Name:
Country:

Fl ag:
06- VAR- 2001

| ead organi sation

BASF AG

Product Safety Dat e:
c/o Dr. Hubert Lendle

GQUP/ Z - Z570

Carl -Bosch-Str

67056 Ludw gshafen

Cer many

+49 621 60 44712

+49 621 60 58043

Critical study for SIDS endpoint
cooperating conpany
Bel | Flavors & Fragrances, Inc.

United States

Critical study for SIDS endpoint

1.0.2 Location of Production Site, Inporter or Formulator

1.0.3 ldentity of Recipients

1.0.4 Details on Category/ Tenpl ate

1.1.0 Substance ldentification

| UPAC Narme:

Mol . For mul a:

Mol . Wi ght:

Fl ag:
17-JAN-2003

1.1.1 General

Caf f ei ne
C8 HI0O d 2
194, 19 g/ nol

non confidential, Critical study for SIDS endpoint

Subst ance | nformation

Subst ance type:
Physi cal status:

Purity:
Remar k:
Sour ce:

Fl ag:
17- JAN- 2003

Subst ance type:
Physi cal status:

nat ural substance
solid
98.5 - 100 %w w

USP grade with the specification to contain not |ess than

98.5 and not nore than 101% of the ingredient cal culated on an
anhydrous basi s

Knol | AG Ludwi gshafen

non confidential, Critical study for SIDS endpoint

(1)

natural substance
solid
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1. GENERAL INFORMATION DATE: 04-MAR-2003
SUBSTANCE ID: 58-08-2
Col our: white
Qdour: al nost odourl ess
Fl ag: non confidential, Critical study for SIDS endpoint
17- JAN- 2003 (2)
1.1.2 Spectra
1.2 Synonyns and Tradenanes
1,3, 7-Trinethyl-2, 6-di oxopurine
Fl ag: non confidential, Critical study for SIDS endpoint
09- DEC- 1992
1,3,7-trinethyl-2, 6-di oxopurine
Fl ag: non confidential, Critical study for SIDS endpoint
02- VAR- 1994
1, 3, 7- Tri met hyl xant hi ne
Fl ag: non confidential, Critical study for SIDS endpoint
09- DEC- 1992
1,3, 7-trinmet hyl xant hi ne
Fl ag: non confidential, Critical study for SIDS endpoint
02- VAR- 1994
1H- Puri ne- 2, 6- di one, 3,7-dihydro-1,3,7-trinmethyl- (9Cl)
Fl ag: non confidential, Critical study for SIDS endpoint
09- DEC- 1992
3,7-Di hydro-1,3,7-trinethyl-1H-purine- 2, 6-di one
Remar k: CAS nane
Fl ag: non confidential, Critical study for SIDS endpoint
02- VAR- 1994
7- Met hyl t heophyl I i ne
Fl ag: non confidential, Critical study for SIDS endpoint
09- DEC- 1992
Anhydr ous caffeine
Fl ag: non confidential, Critical study for SIDS endpoint
07- MAR-2001
Caf ei na
Fl ag: non confidential, Critical study for SIDS endpoint
09- DEC- 1992
UNEP PUBLICATIONS 51



OECD SIDS CAFFEINE

1. GENERAL INFORMATION DATE: 04-MAR-2003
SUBSTANCE ID: 58-08-2

Caffein

Fl ag: non confidential, Critical study for SIDS endpoint
09- DEC- 1992

Caffeine (8C)

Fl ag: non confidential, Critical study for SIDS endpoint
09- DEC- 1992

Cof fein, wasserfrei

Fl ag: non confidential, Critical study for SIDS endpoi nt
24- MAR- 1994

Cof f ei num

Fl ag: non confidential, Critical study for SIDS endpoint
02- VAR- 1994

Guar ani ne

Fl ag: non confidential, Critical study for SIDS endpoint
09- DEC- 1992

guar ani ne

Fl ag: non confidential, Critical study for SIDS endpoint
02- VAR- 1994

Kof f ei n

Fl ag: non confidential, Critical study for SIDS endpoint
09- DEC- 1992

Vat ei na

Fl ag: non confidential, Critical study for SIDS endpoint
09- DEC- 1992

Met hyl t heobr omi ne

Fl ag: non confidential, Critical study for SIDS endpoint
02- MAR- 1994

Met hyl t heot hyl | i ne

Fl ag: non confidential, Critical study for SIDS endpoint
02- MAR- 1994

Thein

Fl ag: non confidential, Critical study for SIDS endpoint
09- DEC- 1992
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1. GENERAL INFORMATION DATE: 04-MAR-2003
SUBSTANCE ID: 58-08-2

Thei ne

Fl ag: non confidential, Critical study for SIDS endpoint

09- DEC- 1992

1.3 Inpurities

Remar k:

Sour ce:

According to USP specification not nmore than 0. 1% resi due
onignition, 0.5% max. wei ght | oss on drying the anhydrous
formand not nore than 8.5% of its weight when drying the
hydrous form

Knol I AG Ludw gshafen
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1. GENERAL INFORMATION DATE: 04-MAR-2003
SUBSTANCE ID: 58-08-2

Fl ag: non confidential, Critical study for SIDS endpoint
07- MAR- 2001 (1)

1.4 Additives

1.5 Total Quantity

Remar k: Consunption World Market (1999): <15.000 t/a
EU-Part: 5.000-10.000 t/a
BRD Part: 1.000-5.000 t/a
Trend: steady to weakly increasing

Sour ce: Knol | AG Ludwi gshafen
Fl ag: Critical study for SIDS endpoint
26- OCT-2000

1.6.1 Labelling

Label i ng: as in Directive 67/548/ EEC

Synbol s: (Xn) harnful

Specific limts: no

R Phr ases: (22) Harnful if swallowed

S Phr ases: (2) Keep out of reach of children

Remar k: I ndex- No.: 613-086-00-5

Fl ag: non confidential, Critical study for SIDS endpoint

07- MAR- 2001 (3)

1.6.2 Classification

Cl assi fi ed: as in Directive 67/548/ EEC

Cl ass of danger: harnful

R- Phr ases: (22) Harnful if swallowed

Remar k: I ndex- No.: 613-086-00-5

Fl ag: non confidential, Critical study for SIDS endpoint

07- MAR- 2001 (3)

1. 6.3 Packagi ng

1.7 Use Pattern

Type: type

Cat egory: W de di spersive use

Sour ce: Knol I AG Ludw gshafen

Fl ag: non confidential, Critical study for SIDS endpoint

02- MAR- 1994 (4)
Type: i ndustri al

Cat egory: ot her
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CAFFEINE

1. GENERAL INFORMATION

DATE: 04-MAR-2003
SUBSTANCE ID: 58-08-2

Remar k: Beverage i ndustry

Sour ce: Knol | AG Ludwi gshafen

Fl ag: non confidential, Critical study for SIDS endpoint

26- COCT- 2000 (4)
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CAFFEINE

1. GENERAL INFORMATION

DATE: 04-MAR-2003
SUBSTANCE ID: 58-08-2

Type: use
Cat egory: Cosnetics
Remar k: Creans for the treatmant of cellulitis, hair loss, skin
agi ng
Sour ce: Knol | AG Ludwi gshafen
Fl ag: non confidential, Critical study for SIDS endpoint
26- OCT-2000
Type: use
Cat egory: Food/ f oodst uf f additives
Remar k: Beverage industry: flavour enhancer, vitalizing drinks
Sour ce: Knol | AG Ludwi gshafen
Fl ag: non confidential, Critical study for SIDS endpoint
02- MAR- 1994 (4)
Type: use
Cat egory: Phar maceuti cal s
Remar k: Combi nati on with anal gesic, stinmulant
Sour ce: Knol | AG Ludwi gshafen
Fl ag: non confidential, Critical study for SIDS endpoint
06- MAR- 2001 (4)
Remar k: Shares on the world market (1999):
Food: 80%
Pharma: 16%
Cosnetics: 3%
Techni cal application: 1%
Sour ce: Knol I AG Ludwi gshafen
Fl ag: non confidential, Critical study for SIDS endpoint
26- OCT-2000
1.7.1 Detailed Use Pattern
1.7.2 Methods of Manufacture
1.8 Regul atory Measures
1.8.1 Occupati onal Exposure Linmit Val ues
Limt val ue: other: No conponents with workplace control paraneters.
Fl ag: non confidential, Critical study for SIDS endpoint
17- JAN- 2003 (2)
Limt val ue: ot her: No MAK- or BAT-val ue
Fl ag: non confidential, Critical study for SIDS endpoint
17- JAN- 2003 (5)

1.8.2 Acceptabl e Residues Levels

56
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1. GENERAL INFORMATION DATE: 04-MAR-2003
SUBSTANCE ID: 58-08-2

1.8.3 Water Pollution

Cl assified by: ot her: VWwWwS (Germany) of 17.05.1999, Annex 3
Label | ed by: other: VWwWwS (Germany) of 17.05.1999, Annex 3
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CAFFEINE

1. GENERAL INFORMATION

DATE: 04-MAR-2003
SUBSTANCE ID: 58-08-2

Cl ass of danger:

1 (weakly water polluting)

Fl ag: non confidential, Critical study for SIDS endpoint
04-JUL-2001 (6)
1.8.4 Major Accident Hazards
1.8.5 Air Pollution
1.8.6 Listings e.g. Chemical Inventories
Type: El NECS
Addi tional Info: EINECS-No. 200-362-1
Fl ag: non confidential, Citical study for SIDS endpoint
17- JAN- 2003 (7)
Type: ENCS
Additional Info: ENCS No. 9-419
Remar k: ENCS CLASSI FI CATI ON:
Low Mol ecul ar Heterocyclic Organi ¢ Conpounds.
Fl ag: non confidential, Critical study for SIDS endpoint
17- JAN- 2003 (7)
Type: ECL
Additional Info: ECL Serial No. KE 10766
Fl ag: non confidential, Critical study for SIDS endpoint
17- JAN- 2003 (7)
Type: other: SWSS
Addi tional Info: SWSS No. G 3762
Remar k: SW SS CLASSI FI CATI ON:
Gftliste 1 (List of Toxic Substances 1), 31 May 1999.
Toxi c Category 3.
Toxicity Category 3 is determined by acute oral |ethal doses
of 50 - 500 ng/kg in small animls; however, other factors may
be taken into consideration regarding data in other types of
animal s or other affects whether subacute, subchronic or
chronic.
Fl ag: non confidential, Critical study for SIDS endpoint
17- JAN- 2003 (8) (7)
Type: TSCA
Fl ag: non confidential, Critical study for SIDS endpoint
17- JAN- 2003 (7)
Type: DSL
Fl ag: non confidential, Critical study for SIDS endpoint
17- JAN- 2003 (7)
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CAFFEINE

1. GENERAL INFORMATION

DATE: 04-MAR-2003
SUBSTANCE ID: 58-08-2

Type:

Fl ag:
17-JAN- 2003

Type:

Fl ag:
17- JAN- 2003

Al CS

non confidenti al

Pl CCS

non confidential,

Critical study for SIDS endpoint

1.9.1 Degradation/ Transfornati on Products

El NECS- Nane:

Fl ag:
17-JAN- 2003

1.9.2 Conponents

No hazardous deconposition products known.

non confidenti al

1.10 Source of Exposure

Remar k:

Sour ce:
Fl ag:
02- MAR- 1994

1.11 Additional

(7)
Critical study for SIDS endpoint

(7
Critical study for SIDS endpoint

(2)

Sour ces of exposure depend on the production procedures and
the usage. Caffeine is produced by extraction (direct

decaf f ei nati on,
fromfractnments
(met hyl ati on of
its use as drug
cont ai ning food

extraction fromtea wastes and dusts and

of tea | eaves) and by synthetic processes
various xanthines). Exposure results from
or as drug ingredient as well as of caffeine
or beverages with a varying content.

Knol | AG Ludwi gshafen
non confidential, Critical study for SIDS endpoint

Remar ks

1.12 Last Literature Search

Type of Search:
Chapters covered:
Dat e of Search:

07- FEB-2003

1.13 Reviews

(4)

I nternal and External

5.10
21-CCT-2002
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2. PHYSICO-CHEMICAL DATA DATE: 04MAR-2003
SUBSTANCE ID: 58-08-2

2.1 Melting Point

Val ue: 235 - 239 degree C
Met hod: Directive 84/449/EEC, A.1 "Melting point/nelting range"
Reliability: (4) not assignable
Manuf act urer/ producer data w t hout proof
Fl ag: Critical study for SIDS endpoint
28- AUG- 2002 (6)
Val ue: 234 - 239 degree C
Subl i mati on: yes
Remar k: Subl i mati on at about 180°C
Reliability: (2) wvalid with restrictions

acceptabl e publication which meets basic scientific
principl es

07-JUN- 2001 (9)
Val ue: 235 - 237.3 degree C
Met hod: ot her
Remar k: Met hod: digital nelting point determ nation method
"elektrotermal Series | A 9200"
Reliability: (4) not assignable
secondary quotation
07- JUN- 2001 (10)
Val ue: = 236.8 degree C
Reliability: (4) not assignable
secondary quotation
07- JUN- 2001 (11)
Val ue: = 237 degree C
Reliability: (4) not assignable
Manuf act urer/ producer data w thout proof
04-JUL-2001 (12)
Val ue: 238 degree C
Deconposi ti on: no at degree C
Subl i mati on: yes
Remar k: Sublimation at 178°C
Reliability: (2) wvalid with restrictions
Ref er ence Book
07-JUN-2001 (13) (14)

2.2 Boiling Point

Val ue: = 178 degree C
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2. PHYSICO-CHEMICAL DATA DATE: 04MAR-2003
SUBSTANCE ID: 58-08-2

Deconposi tion: no

Met hod: ot her
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CAFFEINE

2. PHYSICO-CHEMICAL DATA DATE: 04MAR-2003

SUBSTANCE ID: 58-08-2

Remar k: sublimes; pressure cited as 760 mm HG
Reliability: (2) wvalid with restrictions
Ref er ence Book
Fl ag: Critical study for SIDS endpoint
07- JUN- 2001 (13)
2.3 Density
Type: bul k density
Val ue: = 600 kg/n8 at 20 degree C
Reliability: (4) not assignable
Manuf act urer/ producer data w thout proof
Fl ag: Critical study for SIDS endpoint
07- JUN- 2001 (12)
Type: density
Val ue: = 1.23 g/cn?
Remar k: Tenperature: 19, 18 and 4°C
Reliability: (2) wvalid with restrictions
Ref er ence Book
Fl ag: Critical study for SIDS endpoint
28- AUG- 2002 (13) (14)
2.3.1 Granul onetry
2.4 Vapour Pressure
Val ue: . 000000047 hPa at 25 degree C
Met hod: other (calculated): MPBPWN, vers. 1.28
Reliability: (2) wvalid with restrictions
accepted cal cul ati on met hod
Fl ag: Critical study for SIDS endpoint
07-JUN-2001 (15)
Val ue: < . 000000013 hPa at 25 degree C
Met hod: ot her (cal cul at ed)
Remar k: Original data: estimated < 1 * 10e-8 nm Hg
Reliability: (2) wvalid with restrictions
Ref er ence Book
08- JUN- 2001 (16) (17)
2.5 Partition Coefficient
| og Pow: = -.091 at 23 degree C
Met hod: ot her (measured): according to OECD guidelines of comm ssion
62 UNEP PUBLICATIONS
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CAFFEINE

2. PHYSICO-CHEMICAL DATA

DATE: 04MAR-2003
SUBSTANCE ID: 58-08-2

67/ 548/ EWG
GLP: no

UNEP PUBLICATIONS
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2. PHYSICO-CHEMICAL DATA DATE: 04-MAR-2003
SUBSTANCE ID: 58-08-2

Reliability: (1) wvalid without restriction

gui del i ne study
Fl ag: Critical study for SIDS endpoint
04-JUL-2001 (18)
| og Pow: -.07 - .1
Met hod: ot her (neasured)

Test condition:

Reliability:

07-JUN- 2001

| og Pow

Met hod:

Test condition:
Test substance:
Reliability:
28- AUG- 2002

| og Pow

Met hod:

Test condition:
Reliability:
07-JUN- 2001

Resul t:

Reliability:

07-JUN-2001

2.6.1 Solubility

Shake- fl ask net hod and octanol -saturated, kiesel guhr-packed
col um

(2) wvalid with restrictions

acceptabl e publication which neets basic scientific
principl es

(19)
-.05
ot her (neasured)
Shake-fl ask nethod and HPLC, Tenperature 22 to 25°C
anal yti cal grade
(2) wvalid with restrictions
acceptabl e publication which neets basic scientific
princi pl es
(20)
.61 - .65
ot her (neasured)
Aut omat ed | og P(o/w) measurement (ALPM utilizing HPLC
(2) wvalid with restrictions
accept abl e publication which neets basic scientific
princi pl es
(21)

The neasured octanol/saline partition coefficient is 1.036
(log part. coefficient = 0.0154); the transintegunental
ti ssue uptake index in Schistosoma japoni cum ranged between
ca. 65 and 75 % linear regression analysis denonstrated a
good correlation between both val ues.
(2) wvalid with restrictions
accept abl e publication which neets basic scientific
princi pl es

(22)

in different nedia

Solubility in
Val ue

GLP:

WAt er
= 1.87 other: 9% g/ 100g) at 16 degree C

no
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CAFFEINE

2. PHYSICO-CHEMICAL DATA

DATE: 04MAR-2003
SUBSTANCE ID: 58-08-2

Vet hod:
Resul t:

Test substance:

Reliability:
Fl ag:
12- FEB- 2003

Solubility in:
Val ue:

pH val ue:
Conc. :

Reliability:

Fl ag:

28- AUG- 2002

Solubility in:
Descr.:

Resul t:
Reliability:
28- AUG- 2002

Solubility in:
Val ue:

pH val ue:

Conc. :
Reliability:
28- AUG- 2002

vi sual observation of saturation point

Tenperature caffei ne
°C % (g/ 100g wat er)
10.0 1.35 (extrapol at ed val ue)
16.0 1.87
28.0 3.19
44. 1 7.67
58.7 15. 22
64.9 21.41
79.0 35.41
83.9 46. 84
100. 3 81.0 (extrapol at ed val ue)

caf feine (unrefined product)

(2) wvalid with restrictions

conpr ehensi bl e and scientifically acceptable
Critical study for SIDS endpoint

(23)
WAt er
ca. 20 g/l at 20 degree C
5.5 - 6.5
10 g/ at 20 degree C
(4) not assignable
Manuf act urer/ producer data w thout proof
Critical study for SIDS endpoint
(6)
WAt er
of low solubility
at 20°C. 22 g/l (1 g/46 m)
at 80°C. 181 g/l (1 g/5.5 m)
at 100°C. 666 g/l (1 g/1.5 m)
(2) wvalid with restrictions
Ref er ence Book
(13)
Wt er
= 20 g/l at 20 degree C
= 6.9
10 g/l at 20 degree C
(4) not assignable
Manuf act urer/ producer data w t hout proof
(12)

2.6.2 Surface Tension

2.7 Flash Poi nt

2.8 Auto Flammbility
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2. PHYSICO-CHEMICAL DATA DATE: 04MAR-2003
SUBSTANCE ID: 58-08-2

Val ue:
Resul t: no self ignition up to the nelting point.
Reliability: (2) wvalid with restrictions
expert judgenent
Fl ag: Critical study for SIDS endpoint
30- SEP-1998 (24)

2.9 Flammbility

Resul t: ot her
Resul t: hardly flammable; ignition tenperature at or above 540°C
(BASF: > 600°C) as neasured according to DIN 51 794
Reliability: (4) not assignable
Manuf act urer/ producer data w t hout proof
Fl ag: Critical study for SIDS endpoint
04-JUL-2001 (6) (12)
Resul t: not highly flanmable
Reliability: (2) wvalid with restrictions
expert judgenent
Fl ag: Critical study for SIDS endpoint
30- SEP-1998 (24)

2.10 Expl osive Properties

Resul t: not expl osive

Remar k: not expl osive according to the Gernman Bl asti ng Agent Law
(Sprengst of f geset z)

Reliability: (2) wvalid with restrictions
expert judgenent

Fl ag: Critical study for SIDS endpoint

08- JUN-2001 (24)

2.11 Oxidizing Properties

2.12 Dissoci ati on Const ant

2.13 Viscosity

2.14 Additional Remarks

Resul t: dust expl osi bl e
Reliability: (2) wvalid with restrictions
expert judgenent
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2. PHYSICO-CHEMICAL DATA DATE: 04MAR-2003
SUBSTANCE ID: 58-08-2

Fl ag: Critical study for SIDS endpoint
30- SEP-1998 (24)
Resul t: Sol ubility:
freely sol uble: pyrrol e, tetrahydrofurene contai ni ng about
4 % wat er
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CAFFEINE

2. PHYSICO-CHEMICAL DATA

DATE: 04MAR-2003
SUBSTANCE ID: 58-08-2

sol ubl e: pyridine, ethyl acetate
slightly soluble: petrol eum ether
et hanol : ca. 8 g/l at 20 °C; ca. 45 g/l at 60 °C
acet one: 20 g/l
chl orof orm ca. 180 g/I
di et hyl ether: ca. 1.8 g/l
benzene: 10 g/1 at 20 °C
ca. 45 g/l in boiling benzene
Reliability: (2) wvalid with restrictions
Ref er ence Book
Fl ag: Critical study for SIDS endpoint
07- JUN- 2001 (13) (14)
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CAFFEINE

3. ENVIRONMENTAL FATE AND PATHWAY S

DATE: 04-MAR-2003
SUBSTANCE ID: 58-08-2

3.1.1 Photodegradati on

Type:

air

I NDI RECT PHOTOLYSI S

Sensiti zer:
Conc. of sens.:
Rat e constant:
Degradati on

Met hod:
Reliability:

Fl ag:
28- JAN-2003

Type:

H

500000 nol ecul e/ cn®

. 0000000000194185 cn®/ (nol ecul e * sec)
50 % after 19.8 hour(s)

other (calculated): AOP, vers. 1.87
(2) wvalid with restrictions

accepted cal cul ati on et hod
Critical study for SIDS endpoint

I NDI RECT PHOTOLYSI S

Sensitizer:
Conc. of sens.:
Rat e constant:
Degr adati on

Met hod:

Reliability:

07-JUN-2001

3.1.2 Stability i

Type:
t1/2 pH:

Met hod:

Resul t:
Reliability:

Fl ag:
28-JAN- 2003
Resul t:

Reliability:

07-JUN-2001

(15)
air
H
500000 nol ecul e/ cn?
. 000000000152 cn?/(mol ecul e * sec)
50 % after 2.5 hour(s)
ot her (cal cul at ed)
(2) wvalid with restrictions
acceptabl e publication which neets basic scientific
principles
(25)
n Water
abiotic
> 1 year
ot her: calculated with HYDROAN'N, vers. 1.64
hydrolysis rate is extrenely slow
(2) wvalid with restrictions
accepted cal cul ati on net hod
Critical study for SIDS endpoint
(15)
The estimated half-life was 0.8 days in the Rhine river
whi ch was thought to occur as a result of biologica
renoval processes.
(2) wvalid with restrictions
acceptabl e publication which neets basic scientific
principles
(26)

3.1.3 Stability in Soi
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3.2.1 Monitoring Data (Environnent)

Type of neasurenent: background concentration

Medi um dri nki ng wat er
Remar k: During a two year period caffeine was qualitatively
detected in Phil adel phia drinking waters
04-JUL-2001 (27)
Type of measurenent: background concentration
Medi um ot her
Resul t: Caffeine in the order of magnitude of 1 pg/l or > 1 pg/l

was detected in sewage effluent or potable water; in the
river Lee (UK) 0.29 ug/l was detected.

Test condition: GC anal ysi s
04-JUL-2001 (28)
Type of neasurenent: background concentration
Medi um ot her
Remar k: Study of organic pollutants in municipal wastewater in
Goet eborg, Sweden during 1989 - 1991
Resul t: The concentration in the influent water ranged between 6 -

30 pg/l and in the effluent water between 0.1 - 0.5 pg/l
Test condition: GC-Ms anal ysi s

06- NOV- 2000 (29)
Type of neasurenent: background concentration

Medi um ot her

Resul t: Caffeine was detected in the range of 3 - 20 ppb in three

POTWfacilities
Test condition: Determination by GG M in three New Jersey publicly owned
treat ment wor ks (POTWS)

06- NOV- 2000 (30)
Type of neasurenent: background concentration

Medi um surface water

Resul t: Caffeine was detected in the Rhine at Lobith at 0.1 pg/l;

the estimated half-life was 0.8 days assum ng first order
reduction process
Test condition: GC- M5 anal ysi s

06- NOV- 2000 (26)
Type of neasurenent: concentration at contam nated site

Medi um ot her

Remar k: Concentrations in particulate organic matter in New York

city, Jan. - March 1975: 0.7 - 7.0 pg/ 1000 cu m (equival ent
concentration); em ssions fromcoffee-roasting plants are
inplicated as contributors to anbient air |evels

06- NOV- 2000 (11)

Type of neasurenent: other
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Medi um ot her

Remar k: Concentrations in primary donmestic sewage plant effluent:
0.01 - 0.046 ng/l; concentration in particul ate organic
matter in New York City, 1-3/1975: 0.7 pg/ 1000 cu m

06- NOV- 2000 (11)
Type of neasurenent: other
Medi um ot her
Remar k: Caffeine was detected qualitatively in | eachate of a
sanitary landfill near Barcel ona (Spain)
Test condition: CC-Ms anal ysi s
06- NOV-2000 (31)
Type of neasurenent: other
Medi um ot her
Remar k: Caffeine was identified in base/neutral fractions of Ilona

I sl and wast ewater and sludge in the concentration range of
16 - 292 g/l (19 sanples) and the retention tinme was 16.3

m n.
Test condition: GC-Ms anal ysi s
06- NOV- 2000 (32)
Type of neasurenent: other
Medi um ot her
Remar k: Concentrations in crude sewage ranged between 10 - 46 ng/l

or 10 pg/l and in sewage effluents between 10 - 46 ug/l
(USA, sewage and effluents); concentration in sewage

ef fluent at Luton (UK) between 1977 - 1980 was < 1 ng/l;
concentration in the Rhine river was 10/1978 0.3 pg/| at
Lobith and 2/1978 - 10/1978 between 0.1 - 0.3 pg/l at
Maassl uis; concentration at percolating filter effluent at
St evenage (UK) between 1977 - 1980 was < 1.0 ng/l; in the
Rhi ne river between 7/21979 - 10/1979 at Lobith 0.1 ug/l,
at Maassl uis between 7/12979 - 10/1979 between 0.03 - 0.1
pg/ 1 and at Gorinchemin 7/1979 0.03 pg/l.

Sour ce: Knol | AG Ludwi gshafen
Test condition: HPLC GG MS; HPLC-UV; UV- M5, GC-MS
16- MAY- 1994 (33)

3.2.2 Field Studies

3.3.1 Transport between Environnental Conpartnments

Type: adsorption
Medi a: water - soil
Met hod: other: calculated with PCKOCWN, vers. 1.63
Resul t: estimated og KOC = - 0.0135
Reliability: (2) wvalid with restrictions
accepted cal cul ati on et hod
Fl ag: Critical study for SIDS endpoint
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28-JAN-2003

Type:
Medi a

Resul t:

Rel i ability:

Fl ag:
28- JAN- 2003

Type:
Medi a

Resul t:

Rel i ability:

28- AUG- 2002

Type:
Medi a

Resul t:

Reliability:

08-JUN-2001

(15)

volatility
water - air

Based on the estimated Henry's | aw const ant
(H=1.9%10-19 atmnB/nmol) caffeine wll
not volatize fromwater to atnosphere.
(2) wvalid with restrictions
acceptabl e cal cul ati on met hod
Critical study for SIDS endpoint
(34) (35)

adsorption
soil - air

According to the estimted soil adsorption coefficients
caffeine will display very high mobility in soil.
(2) wvalid with restrictions
acceptabl e publication which neets basic scientific
principles

(35)

adsorption
water - soil

Estimated soil adsorption coefficients ranged from 18 to 22
and indicated that it will not adsorb to sedi ment and
suspended matter (peer revi ewed).
(2) wvalid with restrictions
accept abl e publication which neets basic scientific
princi pl es

(21) (16) (17)

3.3.2 Distribution

Medi a: air - biota - sedinent(s) - soil - water
Met hod: Cal cul ation accordi ng Mackay, Level |
Met hod: Level | - Fugacity-based environnental equilibrium
partitioning nodel, Version 2.11
Resul t: wat er : 99.99 %
soi l: 0. 0064 %
sedi nent: 0.0065 %
Cal cul ati on basi s:
wat er solubility: 20000 g/ nB
Vp: 4.70E 6
| og Kow -0.09
T: 20 °C
Reliability: (2) wvalid with restrictions
accepted cal cul ati on et hod
Fl ag: Critical study for SIDS endpoint
28- JAN- 2003 (15) (36)
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3.4 Mode of Degradation in Actual Use

3.5 Bi odegradation

Type:
I nocul um

Concentration:

Degr adati on
Resul t:

Met hod:

Year :
GLP:

Test substance:

Resul t:

Test condition:
Test substance:

Rel i ability:

Fl ag:
19- FEB- 2003

Type:

Degr adati on
Resul t:

Met hod:

GLP:

Test substance:

Remar k:
Resul t:
Reliability:
28- AUG- 2002

aerobi c

other: activated sludge fromlaboratory waste water plants
treating municipal sewage

43 nmg/| related to Test substance

20 ng/l related to DOC (Dissolved Organic Carbon)

> 90 - 100 % after 22 day(s)

readi |l y bi odegradabl e

CECD Cui de-line 301 A (new version)
DOC Die Away Test"

1993

yes

other TS: Theophylline

"Ready Bi odegradability:

> 90 % degradation at the end of the 10-days-w ndow
reference substance: aniline
Theophyl l'i ne shows cl ose structural simlarities to
caffeine. Thus, this study can be used as anal ogues for this
conmpound
(1) wvalid without restriction
Gui del i ne- st udy
Critical study for SIDS endpoint
(37)

aerobic
71 % after 28 day(s)
readi |l y bi odegradabl e

OECD Cuide-line 301 F
Respirometry Test"
yes

as prescribed by 1.1 - 1.4

"Ready Bi odegradability: Mnonetric

As the nol ecul ar structure of caffeine and theophylline is
very simlar and the only difference is an additional nethy
group at the nitrogen N7, the classification of caffeine to
be readily biodegradable is supported by the degradation
result of theophylline which was shown to be readily
bi odegradable in a DOC Di e-away-test (OECD 301A)
Degradation rates in the single assays were 58 % and 84 %
BOD/ ThOD (NO3) after 28 days after a distinct |ag phase
average 71% The single assays differ by 26% Neverthel ess
the criteria for readily biodegradability can be regarded as
just reached. This is supported by the result of a study
wi th theophylline (see bel ow).
(3) invalid
Gui del ine study. One of the validity criteria is not
fulfilled (the 2 parallels differ by nore than 20%.

(38) (39)
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Type: aerobic
Resul t: readi |y bi odegradabl e
Met hod: ot her
Year: 1981
Met hod: Department of the environnment (UK) - Standing Committee of
Anal ysts (1981), Methods for the exam nation of waters and
associ ated materials: Assessnment of biodegradability (1981)
Resul t: No further information given. The authors discrimnate the
results of the biodegradation tests as follows: ultimte
bi odegradation (readily biodegradable, readily biodegradable
after acclimatisation, inherently biodegradable), partially
bi odegr adabl e, persistent (non-bi odegradable).
Reliability: (2) wvalid with restrictions
nati onal standard
Fl ag: Critical study for SIDS endpoint
28- JAN- 2003 (40)
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3. ENVIRONMENTAL FATE AND PATHWAY S DATE: 04-MAR-2003

SUBSTANCE ID: 58-08-2

3.6 BOD5, COD or

BOD5/ COD Rati o

3.7 Bioaccunul ati on

Speci es:
BCF:

Met hod:

Resul t:
Reliability:

04-JUL-2001

other: fish and aquatic organi sns
.52 - 2.25

other: calculation after Lyman et al. (1990)
esti mat ed

(2) wvalid with restrictions
accepted cal cul ati on met hod

(41) (16) (17)

3.8 Additional Remarks

Remar k: Envi ronnment al fate/exposure sumary:
Caffeine is a naturally occurring and a commercially
produced conpound; emnission into the environnment may be as
a fugative emi ssion during production or use and in
wast ewat er effluent, landfill |eachate or incinerator fly
ash; caffeine will display very high nmobility if rel eased to
soil; volatilization to atnmosphere will not occur from
either noist or dry soil or water; it has the potential to
bi odegrade in soil and water; bioaccunulation in fish or
adsorption to sediment is not expected; atnospheric
caffeine may undergo a gas-phase reaction with
phot ocheni cal | y produced hydroxyl radicals at an estimted
half-life of 2.5 h; occupational exposure nmay occur by
i nhal ati on of dust or dernal contact during its production
formul ati on or use; exposure of the general population is by
i ngestion of foods, medicines or consumer products containing
caf f ei ne

Reliability: (4) not assignable
secondary quotation

04-JUL- 2001 (42)
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AQUATI C ORGANI SM5

4.1 Acute/Prolonged Toxicity to Fish

Type:
Speci es:

Exposur e peri od:

Unit:
NOEC.:
LCO:

LC50:
LC100

Met hod:
Year:
GLP:

Test substance:

Resul t:

Test substance:

static

Leuci scus idus
96 hour (s)

ng/ |

= 46

= 46

ca. 87

= 215

(Fish, fresh water)

Anal ytical nonitoring: no

other: according to DIN 38 412, Bestinmung der Wrkung von
Wasserinhal t sstoffen auf Fische - Fischtest (L15)

1982

no

as prescribed by 1.1 - 1.4

Groups of 10 fish were exposed to the test substance at

nonm nal concentrations of 10, 21.5, 46.4, 100, 215, and 464
mg/l. No deaths were observed at 46.4 ng/l and |less. Three
fish exposed to 100 ng/l died within 24 and anot her four
fish within 48 hours. Al fish exposed to 215 ng/| and nore
died within 1 hour.
caf fei ne (anhydrous);
99.5-100. 5%

according to the authors, purity was

Reliability: (2) wvalid with restrictions
test procedure according to national standards (DI N)
Fl ag: Critical study for SIDS endpoint
28- JAN-2003 (43)
Type: static
Speci es: Pi mephal es pronelas (Fish, fresh water)
Exposure period: 120 hour(s)
Unit: ng/ | Anal ytical nonitoring: no data
LC50: 720
Met hod: other: according to Birge, WJ. et al.: Environ. Toxi col
Chem 4, 807-821
Year : 1985
GLP: no data
Resul t: Teratogenicity screening test (exposure of l|larvae) using a
static renewal procedure, exposure time: 120 hours.
LC50 = 0.72 (0.50-0.94) nmy/m
LC50 = 0.07 (0.04-0.11) ng/mM (el formation)
LOEC = 0.02 ng/
Tl = 10.29 (teratogenic index = LC50 / EC50)
Reliability: (2) wvalid with restrictions
acceptabl e publication which neets basic scientific
principl es
28- AUG- 2002 (44)
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4.2 Acute Toxicity to Aquatic |lnvertebrates

Speci es:
Exposure peri od:
Uni t:

ECO:

EC50:

EC100

Met hod:
Year :
GLP:
Test substance:

Test condition:

Reliability:
Fl ag:
28-JAN- 2003

Daphni a magna (Crustacea)

48 hour (s)

ng/ | Anal ytical nonitoring: no
= 3.91

= 182

500

\%

ot her: 79/831/EW5 Annexe V, p. C
1984

no

as prescribed by 1.1 - 1.4

Data related to nom nal concentrations
Test volune: 10 m, 4 parallels,
total ani mal s/concentration: 20
concentration range: 3.95 to 500 ng/l,
check of the study visually after 3, 6, 24 and 48
hour s
(1) wvalid without restriction
Cui del i ne- st udy
Critical study for SIDS endpoint
(45)

4.3 Toxicity to Aquatic Plants e.g. Al gae

Speci es:
Endpoi nt :
Exposure peri od:
Unit:

NOEC:

LOEC:

EC10:

EC50:

EC90 :

Met hod:

Year :

GLP:
Test substance:

Met hod:
Test condition:

Scenedesnus subspi catus (Al gae)

bi omass

72 hour(s)

ng/ | Anal ytical nmonitoring: yes

OECD Gui de-line 201 "Algae, Gowh Inhibition Test"
1984

yes

as prescribed by 1.1 - 1.4

new name of al gae: Desnpdesmus subspi catus

The test substance was tested in the concentration range
bet ween 100 and 6,25 ng/l.

The dilution factor was 2.

The anal ytical verifications of the test substance were
investigated at different concentrations in OCECD-nmedium The
anal ytical results yielded 80% or higher recoveries; they
vari ed bet ween 96, 5% and 105, 8% of the nom nal
concentrations at test initiation and between 98, 3% and
100, 2% at test termination. Therefore, all biologica
results are related to the nominal concentrations of the
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test item
Reliability: (1) wvalid without restriction
gui del i ne study
28- AUG- 2002 (46)
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Speci es:
Endpoi nt :
Exposure peri od:
Uni t:

NOEC:

LOEC:

EC10:

EC50:

ECI0 :

Met hod:
Year :
GLP:
Test substance:

Met hod:
Test condition:

Reliability:
Fl ag:
28- JAN-2003

Scenedesnus subspi cat us
growth rate

72 hour(s)

ny/ |

= 6.25

= 12.5

> 100

> 100

> 100

(Al gae)

Anal ytical rnonitoring: yes

CECD Cuide-line 201 Growth Inhibition Test"
1984
yes

as prescribed by 1.1 -

" Al gae

1.4

new nane of al gae: Desnmpdesnus subspi cat us

The test substance was tested in the concentration range

bet ween 100 and 6,25 ng/l.

The dilution factor was 2.

The anal ytical verifications of the test substance were
investigated at different concentrations in OECD-nedium The
anal ytical results yielded 80% or higher recoveries; they
vari ed between 96, 5% and 105, 8% of the nom na

concentrations at test initiation and between 98, 3% and
100,2% at test termination. Therefore, all biologica

results are related to the nom nal concentrations of the
test item

(1) wvalid wthout
Gui del i ne- st udy
Critical study for

restriction

SI DS endpoi nt
(47)

4.4 Toxicity to Mcroorgani sms e.g. Bacteria

Type:

Speci es:
Exposur e peri od:
Unit:

EC10:

EC50:

ECI0 :

Met hod:
Year :
GLP:
Test substance:

Test condition:

aquatic
Pseudononas puti da
17 hour (s)

ng/ |

= 1530

= 3490

= 5240

(Bacteria)

Anal ytical nonitoring: no

other: DIN 38412/8 - draft
1986

no

as prescribed by 1.1 - 1.4

Data related to nom nal concentrations

test volune: 10 m, 4 parallels and 1 uninocul ated parall el

concentration range: 156 to 10000 m

Reliability: (2) wvalid with restrictions

Conparabl e to guideline study with acceptable restrictions.
Fl ag: Critical study for SIDS endpoint
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28-JAN-2003

(48)
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Type:
Speci es:

Exposure peri od:

Uni t:
EC50:

Met hod:

Test condition:

Test substance:
Reliability:

08-JUN-2001

ot her

Phot obact eri um phosphoreum (Bacteri a)
5 m nute(s)
ny/ |

603 - 707

Anal yti cal monitoring:

ot her

"M crotox" test using an instrument by Beckman conpany;

after reconstitution of the bacteria assay tubes nmintained at
15 °C; emi ssion of light was determ ned by spectrophotonetry
hi ghest purity avail able

(2) wvalid with restrictions
acceptabl e publication which neets basic scientific
princi pl es

(49)

4.5 Chronic Toxicity to Aquatic Organi sms

4.5.1 Chronic Toxicity to Fish

4.5.2 Chronic Toxicity to Aquatic |nvertebrates
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TERRESTRI AL ORGANI SM5

4.6.1 Toxicity to Sedi ment Dwelling O gani snms

4.6.2 Toxicity to Terrestrial Plants

Speci es:
Endpoi nt :

Met hod:

Test substance:

Resul t:
Reliability:
Fl ag:

28- JAN- 2003
Resul t:
Reliability:
04-JUL-2001

Oryza sativa
growt h

(Monocot yl edon)

ot her
no data

The effect of caffeine on early devel opnent of rice
seedlings (growth of roots and shoots) was exanined after
single or multiple treatnent. 0.5 - 10 nmMinhibited the
growt h dose-dependently during the first 5 days. Root growth
was nore affected than shoot growth. Shoot el ongation was
inhibited by 50 %at 2.5 mM whereas root el ongation was
reduced by about 80 % w th one treatnment (2.5 m\V) or by
about 90 % with several treatnments. Grain respirati on was
not affected but the seedlings accunul ated caffeine
dose-dependent|y.

(2) wvalid with restrictions

acceptabl e publication which neets basic scientific
principl es

Critical study for SIDS endpoint

(50)
Caffeine inhibits growth in seedlings of Coffea arabica
(4) not assignable
secondary quotation

(51)

4.6.3 Toxicity to Soil Dwelling Organisms

4.6.4 Toxicity to other Non-Mamm Terrestrial Species

Speci es:
Endpoi nt :
Expos. peri od:
Uni t:

LC50:

Vet hod:

Test substance:

Resul t:

Test condition:

Reliability:

ot her: beetle
nortality
20 day(s)

ppm
250. 62 - 288

ot her
as prescribed by 1.1 - 1.4

LD50 adults (both sexes): ca. 288 ppm

LD50 | arvae: 250.62 ppm

Adults and | arvae of the red flour beetle (Tribolium
castaneum) were placed in a glass tube containing flour
mediumtreated with caffeine; 30 °C, nortality was assessed
after 20 days

(2) wvalid with restrictions
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acceptabl e publication which neets basic scientific
principl es

Fl ag: Critical study for SIDS endpoint

28- JAN- 2003 (52)
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Speci es:
Endpoi nt :
Uni t:

LC50:

Met hod:
Resul t:
Reliability:
Fl ag:
28-JAN- 2003
Speci es:
Endpoi nt :
Unit:

LC50:

Test substance:

Resul t:

Reliability:
Fl ag:

28- JAN- 2003
Speci es:
Expos. peri od:
Unit:

LC50:

Met hod:

Resul t:

Rel i ability:

28- AUG- 2002

ot her avian: starling
mortality

nmy/ kg bw

> 500

other: no data

acute oral LD50 >500 ng/ kg

(2) wvalid with restrictions

acceptabl e publication which neets basic scientific
princi pl es
Critical study for SIDS endpoint

(53)

ot her avi an:
nortality
nmy/ kg bw

= 316

red-wi nged bl ackbird

other TS

acute oral LD50 = 316 ng/kg

R50 = 13.9 ng/ kg (repellency)

hazard factor = R50/LD50 = 0.044

According to the authors, a hazard factor > 1.00 indicates a
definite potential for acute oral avian poisoning in the

wild; a hazard factor of 0.25 - 1.00 indicates a possible
potential; and a hazard factor < 0.25 indicates little or no
potenti al .

(2) wvalid with restrictions
acceptabl e publication which neets basic scientific
principl es

Critical study for SIDS endpoint
(53)
ot her: Xenopus |aevis (frog)
120 hour (s)
other: nyg/l
= 190
ot her

Frog Enbryo Teratogenesis Assay - Xenopus (FETAX) =
teratogenicity screening test (exposure of |arvae) using a
static renewal procedure

LC50 = 0.19 (0.18-0.21) ng/m
LC50 = 0.13 (0.12-0.13) ng/m (mal formation)
LOEC = 0.08 ng/mM (MCIG = mean m ni mum concentration to

i nhibit growh)
TI = 1.46 (teratogenic index = LC50/ EC50)
(2) wvalid with restrictions
acceptabl e publication which neets basic scientific
principl es
(54) (44)
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4.7 Biological Effects Mnitoring
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4.8 Biotransformati on and Kinetics

4.9 Additional

Remar ks

The hi ghest concentration of the tested 0.04, 0.2 and 1.0

Remar k:
mg/ m of caffeine induced aneuploidy in a short-term
hexopl oi d wheat assay
06- NOV- 2000 (55)
Remar k: At the tested concentration of 1 nM caffeine was not DNA
danmagi ng in an environmental screening assay with the
ciliate Tetrahynena pyriforms.
06- NOV-2000 (56)
87
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5.0 Toxi cokinetics, Metabolismand Distribution

5.1 Acute Toxicity

5.1.1 Acute Oral

Type:
Speci es:
Sex:
Vehi cl e:
Val ue:

Met hod:
Year :
GLP:

Test substance:

Renmar k:

Test substance:

24-JUL-2002

Type:
Speci es:
Sex:

No. of Animals:

Vehi cl e:
Val ue:

Met hod:
Year:
GLP:

Test substance:

Remar k:

Test substance:

06- DEC- 2001

Type:
Speci es:
Sex:

Val ue:

Met hod:
Year:
GLP:

Test substance:

Toxicity

LD50

r at

mal e/ femal e
wat er

= 192 ny/ kg bw

ot her
1959

no

other TS

Original value: LD50 = 0.192 +/- 0.018 g/Kkg.
Al bino rats were adnministered the test substance at doses of
0, 160, 180, 200 and 220 ng/ kg

caffei ne

(57) (58)
LD50
r at
mal e
5
other: corn oi
= 483 ng/ kg bw
other: no data
1984
no data
other TS

Groups of 5 male Crl:CD rats (nonfasted) were adninistered
the test substance by gavage at doses of 90, 130, 200, 300,
450, 670, 1000, and 1500 ng/ kg and were observed for 14
days. Deaths occurred at doses of 450 ng/kg and nore within
the days of dosing.

caffeine; according to the authors, purity was >99%

(59) (60)
LD50
rat
mal e/ femal e
= 233 ng/ kg bw
other: no data
1944
no
other TS
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5 TOXICITY DATE: 04-MAR-2003
SUBSTANCE ID: 58-08-2
Remar k: LD50 = 233 +/- 14 ny/kg.
Test substance: caf fei ne
06- DEC- 2001 (61)
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OECD SIDS CAFFEINE
5 TOXICITY DATE: 04-MAR-2003
SUBSTANCE ID: 58-08-2
Type: LD50
Speci es: rat
Sex: mal e
Val ue: = 355 ng/ kg bw
Met hod: other: no data
Year : 1978
GLP: no data
Test substance: other TS

Remar k:

Test substance:

06- DEC- 2001

Type:
Speci es:
Sex:

Val ue:
