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OPINION OF THE COMMITTEE FOR RISK
ASSESSMENT ON A DOSSIER PROPOSING
HARMONISED CLASSIFICATION AND LABELLING
AT EU LEVEL
In accordance with Article 37 (4) of Regulation (EC) No 1272/2008, the Classification,
Labelling and Packaging (CLP) Regulation, the Committee for Risk Assessment (RAC) has
adopted an opinion on the proposal for harmonized classification and labelling (CLH) of:
Chemicals name:

Terbuthylazine (ISO);
N-tert-butyl-6-chloro-N'-ethyl-1,3,5-triazine-2,4-diamine

EC Number:

227-637-9

CAS Number:

5915-41-3

The proposal was submitted by the United Kingdom and received by RAC on 11
September 2014.
In this opinion, all classification and labelling elements are given in accordance with the CLP
Regulation.

PROCESS FOR ADOPTION OF THE OPINION
United Kingdom has submitted a CLH dossier containing a proposal together with the
justification and background information documented in a CLH report. The CLH report was
made publicly available in accordance with the requirements of the CLP Regulation at
http://echa.europa.eu/harmonised-classification-and-labelling-consultation/
on 21 October 2014. Concerned parties and Member State Competent Authorities (MSCA)
were invited to submit comments and contributions by 05 December 2014.

ADOPTION OF THE OPINION OF RAC
Rapporteurs, appointed by RAC: Brendan Murray & Pietro Paris
The opinion takes into account the comments provided by MSCAs and concerned parties in
accordance with Article 37(4) of the CLP Regulation and the comments received are
compiled in Annex 2.

The RAC opinion on the proposed harmonized classification and labelling was adopted on 05
June 2015 by consensus.
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OPINION OF RAC
RAC adopted the opinion on Terbuthylazine (ISO) that should be classified and labelled as follows:
Classification and labelling in accordance with the CLP Regulation (Regulation (EC) 1272/2008)
Index No

Current
Annex VI
entry
Dossier
submitters
proposal

RAC opinion

Resulting
Annex VI
entry if
agreed by
COM

International
Chemical
Identification

EC No

CAS No

Classification
Hazard Class and
Category Code(s)

Hazard
statement
Code(s)

Labelling
Pictogram,
Signal Word
Code(s)

Hazard statement Code(s)

Suppl.
Hazard
statement
Code(s)

Specific
Conc.
Limits, Mfactors

Notes

No current Annex VI entry
Terbuthylazine (ISO); 227-63
N-tert-butyl-6-chloro- 7-9
N'-ethyl-1,3,5-triazine
-2,4-diamine

5915-41- Carc. 2
3
Acute Tox. 4
STOT RE 2
Aquatic Acute 1
Aquatic Chronic 1

H351
H302
H373
H400
H410

GHS08
GHS07
GHS09
Wng

H351
H302
H373
H400
H410

M=10
M=10

Terbuthylazine (ISO);
N-tert-butyl-6-chloroN'-ethyl-1,3,5-triazine
-2,4-diamine
Terbuthylazine (ISO);
N-tert-butyl-6-chloroN'-ethyl-1,3,5-triazine
-2,4-diamine

5915-41- Acute Tox. 4
3
STOT RE 2
Aquatic Acute 1
Aquatic Chronic 1
5915-41- Acute Tox. 4
3
STOT RE 2
Aquatic Acute 1
Aquatic Chronic 1

H302
H373
H400
H410
H302
H373
H400
H410

GHS07
GHS08
GHS09
Wng
GHS07
GHS08
GHS09
Wng

H302
H373
H410

M=10
M=10

H302
H373
H410

M=10
M=10

227-63
7-9

227-63
7-9
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SCIENTIFIC GROUNDS FOR THE OPINION
RAC evaluation of acute toxicity
Summary of the Dossier submitter’s proposal
Information on the acute toxicity of terbuthylazine was available from three oral studies in rats,
one dermal study in rats and one in rabbits as well as one inhalation study in rats.
(1) Acute oral toxicity of Terbuthylazine in rats:
Summary of the acute oral toxicity studies:
Rat Strain

Sub. purity

LD50 (mg/kg bw/day)

Study

Tif:RAIf

99%

> 2000

OFA.SD(IOPS Caw)

96.4%

1000 - 1590

Crl:CD(SD)BR

97%

> 6400

Hartmann (1989),
OECD 401, GLP
Mercier (1991), FIFRA
81-1, GLP
Gardner (1988) OECD
401, GLP

The DS proposed Acute Tox. 4; H302 on the basis of the LD50 results in the study by Mercier
(1991).
(2) Acute inhalation toxicity of Terbuthylazine in rats:
An inhalation LC50 of > 5.3 mg/L over 4 hours (nose only) was derived from the Hartmann (1989)
study conducted with rats (OECD 403, GLP). No deaths occurred during the study period.
The DS did not propose classification for the inhalation route.
(3) Acute dermal toxicity of Terbuthylazine:
Summary of the acute dermal toxicity studies:
Animal Strain

Sub. purity

LD50 (mg/kg bw/day)

Study

OFA.SD(IOPS Caw) rats

96.4%

> 2000 (no deaths)

New Zealand
rabbits

97%

> 2000 (no deaths)

Mercier (1991), OECD
402 (1987), GLP
Kynoch et al., (1988)
EPA FIFRA 81-2, GLP

White

The DS did not propose classification for the dermal route.

Comments received during public consultation
Three Member States (MS) commented during the public consultation. All supported the acute
oral toxicity classification proposals of the DS.

Assessment and comparison with the classification criteria
(1) Acute Oral Toxicity:
In general, the lowest LD50 value from a study associated with one sex is used to determine
whether that study supports classification or not. The lowest reported acute oral LD50 value was
1000-1590 mg/kg in Sprague-Dawley (SD) derived rats (Mercier, 1991).
According to CLP, the LD50 values for acute oral toxicity, category 4 are from 300 to 2000 mg/kg
bw. It was considered appropriate for the classification to be based on the lowest LD50 value
available, in consistence with the Guidance on the application of the CLP criteria (CLP Guidance).
RAC agrees with the DS conclusion that terbuthylazine warrants classification as Acute Tox. 4 H302 (Harmful if swallowed).
(2) Acute Inhalation Toxicity:
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The acute inhalation LC50 was > 5.3 mg/L/4h for Tif:RAIf rats. According to CLP, the LC50 values for
acute inhalation, category 4 are from 1.0 to 5.0 mg/L for dusts/mists. RAC agrees with the DS that
no classification is justified.
(3) Acute Dermal Toxicity:
The LD50 values for dermal toxicity are above the threshold value of 2000 mg/kg bw for triggering
classification and RAC therefore agrees that no classification is justified.

RAC evaluation of specific target organ toxicity – single exposure (STOT
SE)
Summary of the Dossier submitter’s proposal
The toxicity seen after single oral, dermal and inhalation exposure to terbuthylazine were
indicative of non-specific, general acute toxicity. There was no clear evidence of specific toxic
effects on any target organ or tissue, no signs of respiratory tract irritation or narcotic effects. The
DS did not propose classification for specific target organ toxicity (single exposure).

Comments received during public consultation
No comments were received relating to STOT SE

Assessment and comparison with the classification criteria
No classification is required.

RAC evaluation of skin corrosion/irritation
Summary of the Dossier submitter’s proposal
The DS summarised two skin irritation studies (Ligget, 1988; Mercier, 1990; both used 6
animals/study), performed in rabbits and described in table 12 of the CLH report. Both were
standard guideline-compliant, GLP studies. There was no evidence of corrosion or scarring or any
damage to the dermal surface. The only sign of irritation was slight erythema observed in one
study (Mercier, 1990) in two out of six animals (mean severity score 0.33) at the one hour time
point.
The DS did not propose classification.

Comments received during public consultation
No comments were received relating to skin corrosion and/or irritation.

Assessment and comparison with the classification criteria
Relevant average scores for erythema and oedema were zero and thus below the trigger value of
2.3 (as specified in the CLP criteria). Any effects observed were not sufficiently severe or
persistent in any individual animal. No classification is therefore required under CLP.
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RAC evaluation of eye corrosion/irritation
Summary of the Dossier submitter’s proposal
The DS summarised the details of two eye irritation studies (Ligget, 1988; Mercier, 1990, both
used 6 animals/study) performed in rabbits and described in table 13 of the CLH report. Both were
standard guideline and GLP compliant studies. In one study (Liggett, 1988), diffuse crimson
colouration of the conjunctivae, with some swelling, was observed in one animal at the one hour
reading only. Some mild conjunctival irritation was observed in the other five animals. Although
the Mercier (1990) study was terminated at 72 hours, before the effects had fully resolved, the
results of the Liggett (1988) study showed the effects to be fully reversible within 3 days.
The DS did not propose classification.

Comments received during public consultation
No comments were received relating to eye corrosion/irritation.

Assessment and comparison with the classification criteria
The criteria for Category 2: In at least 2 out of 3 tested animals (4 out of 6 under CLP guidance),
corneal opacity or iritis score ≥ 1 or conjunctival redness or edema score ≥ 2, calculated as the
mean scores following grading at 24, 48 and 72 hours following installation and which fully
reverse within the observation period of 21 days.
The individual animal eye irritation scores do not exceed the CLP trigger values and therefore do
not meet the criteria for classification as irritating to the eyes. RAC supports the DS conclusion
that no classification is required for this hazard class.

RAC evaluation of skin sensitisation
Summary of the Dossier submitter’s proposal
Skin sensitisation was investigated in three Guinea pig maximisation tests (GPMT) performed
according to OECD TG 406 and GLP (Hagemann, 1991; Mercier, 1991 and Kynoch & Parcell, 1988).
The results are summarised in table 15 of the CLH report. All studies were conclusive (2 were
negative with respect to sensitisation, the 3rd showed a weak response of 20%), and supported
non-classification.
The DS did not propose classification.

Comments received during public consultation
No comments were received relating to skin sensitisation.

Assessment and comparison with the classification criteria
Criteria for skin sensitisation on the basis of the GPMT:
If a test substance is present at > 1% for intradermal induction and the incidence of sensitisation
is ≥ 30% then potency is judged to be moderate and the predicted sub-category should be 1B.
The findings from the relevant studies are assessed below:
(1) Hagemann (1991): an approximately 5% response rate (1/19) with an intradermal induction
of 5% terbuthylazine. The CLP criteria for classification are not fulfilled.
(2) Mercier (1991): a zero response rate was observed with an intradermal induction
concentration of 0.00085%. The DS rightly commented on the extremely low concentration of the
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test substance and this raises concern over the quality of this particular study. The CLP criteria for
classification are not fulfilled.
(3) Kynoch & Parcell (1988): a 20% response rate (4/20) was observed with an intradermal
induction of 50% terbuthylazine. The CLP criteria for classification are not fulfilled.
The sensitisation response was < 30 % in all guinea-pig maximisation studies. Therefore, no
classification is required under the CLP Regulation.

RAC evaluation of specific target organ toxicity– repeated exposure
(STOT RE)
Summary of the Dossier submitter’s proposal
Repeated dose toxicity has been investigated extensively via the oral route in mice, rats, dogs and
rabbits and via the dermal route in rats and rabbits.
There is clear evidence for significant, consistent and identifiable toxic effects in experimental
animals across all species tested. According to the DS, because the effects on body weight (the
primary effect) were marked, dictated the dose levels employed in the studies and cannot be
attributed solely to ‘palatability’ issues, they are considered sufficiently severe to warrant
classification.
Short-term Studies:
No clear target organ or tissue was identified from the short-term toxicity studies with
terbuthylazine. However, a consistent set of effects on body weight parameters are noted from
short-term oral and dermal administration including reduced body weights, reduced body weight
gains and decreased food consumption.
Severe reductions in body weight indices were seen at high dose levels. Poor palatability of diets
containing the test material has not been convincingly demonstrated. Indeed, it is notable that
reduced weight gain and food consumption were seen in dermal toxicity studies (occlusive, 6
hours on 5 days/week over 4 weeks) in the rat and rabbit where palatability of the test material
was not an issue. Recovery of body weight was seen following withdrawal of dermally applied test
material. There was no evidence of local dermal irritation at the application sites.
There were some generalised effects, particularly at the highest dose levels – altered red blood
cell parameters in oral studies in the rat and mouse, effects on white blood cells in rats and some
effects on liver, kidney and ovarian weights. Increased blood urea nitrogen (BUN) with urinalysis
effects in a number of studies indicated possible renal toxicity. Non-specific signs of toxicity were
observed in the rabbit following oral administration at comparatively low dose levels; reduced
thymus weights were noted at high dose levels. Clinical signs and reduced thymus weight were
also observed in dermal studies in the rabbit. Effects in the rat following dermal administration
were limited to reduced body weights and food consumption. Reduced ovary weight was also
noted at a high dose level.
Lethality and early termination were also documented in the CLH report at high dose levels in both
rabbits and rats.
Chronic Studies:
The chronic toxicity and carcinogenicity of terbuthylazine was investigated in three studies in the
rat and three studies in the mouse. Reduced weight gain and food consumption were seen in all
studies. Chronic administration of terbuthylazine did not increase mortality. Signs of toxicity were
non-specific in nature across multiple organ systems.
In the three chronic rat studies available, the main effect was a significant reduction in body
weight observed from low doses (> 1 mg/kg bw/d). Other effects observed included a dose
related increase in the incidence of liver biliary cysts in females and Leydig cell hyperplasia from
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1 mg/kg bw/d in one study (Gfeller, 1983a) and endometrial and cervix epithelial hyperplasia and
cholesterol clefts in the sciatic nerve of females in another at 53 mg/kg bw/d (Ramesh, 2001).
In all the three chronic studies, a reduction in body weight was the main effect. In two of the three
studies, effects on body weight were observed at doses < 20 mg/kg bw/d (Kumar (2000),
Frankhauser (1999)), whereas in the other study effects were only noted at the top dose (79
mg/kg bw/d; Gfeller, 1982). Other effects observed included a dose-related increase in pituitary
weight in females (Gfeller, 1982) and vacuolar changes in the optic nerve, degenerative changes
in the testes and spermatic granuloma at the top dose only (99/120 mg/kg bw/d in males/females;
Kumar, 2000).

Comments received during public consultation
Two MS commented specifically on the classification for STOT RE 2 – H373.
In both cases the comments either questioned the validity of classification based solely on body
weight effects or considered that the data presented did not justify a STOT RE classification.
There was general agreement that the decreases in food consumption, body weight and body
weight gain were treatment related in all species.
The DS argued in their response to the comments that the severity of the body weight effects
could not be ignored and therefore they were considered relevant for classification.

Assessment and comparison with the classification criteria
The oral guidance cut-off values for a classification for STOT RE in category 2 under CLP are: ≤
300 mg/kg bw/d from subacute studies in rat (28 days), ≤ 100 mg/kg bw/day from subchronic
studies in rat (90 days), ≤ 25 mg/kg bw/day from one year studies and ≤ 12.5 mg/kg bw/day
from long term studies. If dermal studies are used then the cut-off values are 2-fold greater.
A substance should be classified with STOT RE under CLP when it has produced or has been shown
to have the potential to produce significant toxicity following repeated exposure by the oral,
dermal or inhalation routes at or below the guidance values. All significant health effects that can
impair function, both reversible and irreversible, immediate and/or delayed are included under
this classification.
A summary of all the short-term and long-term study data with respect to body weight
parameters is presented below. See also table 17c in the CLH report for a direct comparison of
significant weight changes with classification trigger values. The reductions in body weight
parameters as a consequence of exposure to terbuthylazine determines the LOAEL in many cases.
Table: Summary of relevant NOAELs and LOAELs from repeated dose short-term toxicity
studies. Values in bold are below the cut-off criteria for STOT RE 2.
NOAEL
Study

LOAEL

Effects at LOAEL
(M/F)

Reference

↓ body weight (27/18%),
↓ weight gain (55/50%)
↓ food consumption (25/24%)

Hopkins, 1988

Notifier
mg/kg bw/d
Oral studies

Rat

M: -

35

F: -

39

Oxon

28-day
Rat

M: 10.7

38.1

Oxon

60-day
Rat

Oxon

↓ body weight (22%)
& organ weight effects

F: 2

5.0

↓ weight gain (14%)

M: 4

8.0

↓ weight gain (19%)

Ramesh, 1999

Kirk, 1990
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90-day
Rat

F: 9

18.0

↓ weight gain (16%)

M: 2.08

7.11

F: 2.13

7.18

↓ body weight wk 13 (16/11%)
haematology & clinical
chemistry

Bachmann,
1995

M: 75.4

320

F: 88.7

304

↓ body weight gain (40/48%)
& food consumption (19/26%)

Krishnappa,
1999

Syngenta

90-day
Mouse 14-day

Oxon

M: 120

Mouse 28-day

315

↓ body weight (11%) &
body weight gain (27%) &
clinical chemistry ( BUN 30%,
 Cholesterol 17%)

43.2

↑spleen weight (69%)

Oxon
F:-

Dog

M: 0.4

1.8

F: 0.4

1.6

Syngenta

52-week

M: -

Rabbit 28-day

F:

Rabbit 28-day

20.0*

Syngenta
-

20.0*

M: 5.0

-

F: 5.0

-

Suresh,
(1996)

↓ body weight gain (36/48%) &
↓ food consumption (13/17%)

Cope, 1992

↓ body weight (18/9%) &
↓ food consumption (30/6.5%)

Seifert, 1984a

No adverse effects

Schiavo et al,
1987a

Syngenta

Dermal studies

Rat
Syngenta

10

100

↓ body weight (12/6%) &
↓ food consumption (16/4%)

Marty, 1994

28-day

Rabbit 28-day

Rabbit 28-day

Syngenta

-

Syngenta

0.5

5

500

Clinical signs,
↓ body weight (16/13%)&
↓ body weight gain (86/73%)
↓ food consumption 15/8%)

Seifert, 1984

Mortality, clinical signs,
↓ body weight (9/18%) &
↓ food consumption
(16/18%)

Schiavo, 1987b

* LOAEL considered more appropriate by RAC

Table: Summary of relevant NOAELs and LOAELs from repeated long-term toxicity studies.
Values in bold are below the cut-off criteria for STOT RE 2.
NOAEL
Study

LOAEL

Notifier
mg/kg bw/d

Rat

M: -

1.2

F: -

1.4

M: 0.35

1.6

F: 0.36

1.6

M: 0.4

1.7

F: 0.6

2.4

Syngenta
2-year
Rat
Syngenta
2-year
Rat
Oxon
2-year
Mouse
2-year

M: 15.8

76.3

F: 3

15.1

Syngenta

Body weight effects at
LOAEL
(M/F)

Reference

↓ body weight (9/9%),
↓ weight gain (11/21%)

Gfeller, 1983a

↓ body weight (4/12%)
& organ weight effects

Gfeller, 1983b

No effect on body weight
at LOAEL

Ramesh, 2001

No effect on body weight
at LOAEL

Gfeller, 1982
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Mouse
18-month

Syngenta

Mouse
18-month

Oxan

M: 5.6

58

F: 5.2

56

M: 14.6

F: 15.5

36.7

39.7

↓ body weight (7/18%) &
↓ weight gain (20/35%) &
↓ food consumption
(1/17%)
↓ body weight (1/3%) &
↓ weight gain (12/8%) &

Frankhauser

1999

Kumar, 2000

Cut-off for category 2 (applying Haber’s rule): 2-year studies: ≤ 12.5 mg/kg bw/day; 18-month
studies: ≤ 16.7 mg/kg bw/day

In addition, the rat sub-chronic (90-day) neurotoxicity study by Moxon (2003), reported in the
DAR for terbuthylazine, showed only minor reductions on body weight (< 9%) at a maximum oral
dietary dose of 100 ppm (7 and 8 mg/kg bw/d for males and females respectively).
Criteria for Specific Target Organ Toxicity – Repeated Exposure:
Category 1:
“Substances are classified… on the basis of: reliable and good quality evidence from human cases
or epidemiological studies; or observations from appropriate studies in experimental animals in
which significant and /or severe toxic effects, of relevance to human health, were produced at
generally low exposure concentrations.”
The criteria for category 1 are not considered fulfilled. There were no human data for
terbuthylazine to substantiate this classification. Furthermore, data from animal experiments
were unconvincing. In some studies, the DS considered that body weight was significantly
reduced at dose levels relevant for classification in STOT RE category 1 (particularly in the rabbit);
however, the severity of these effects was marginal so it is very doubtful that the criteria for
severe toxic effects are truly met in this instance.
What remains is a consideration of category 2 or no classification.
Category 2:
“Substances are classified… on the basis of observations from appropriate studies in experimental
animals in which significant toxic effects, of relevance to human health, were produced at
generally moderate exposure concentrations.”
As the DS has indicated under section 4.7.1.8 of the CLH report, there is clear evidence of
significant, consistent and identifiable toxic effects in experimental animals across all the species
tested. The primary effects were on body weight parameters, including absolute body weight,
body weight gain and food consumption. Reductions in these parameters in many cases were
observed below the relevant cut-off for classification in all species and in all study durations
(except for the short-term mouse studies).
However, no clear target organ or tissue was identified for the repeated dose toxicity of
terbuthylazine. There is no data as to the mechanism responsible for the significant reductions in
body weight parameters. Unpalatability seems unlikely to be the sole determinant of these effects
because they are also observed following oral gavage and dermal (occlusive) administration of the
test substance to rabbits.
According to the DS, because the effects on body weight were marked, dictated the dose levels
employed in the studies and cannot be attributed solely to ‘palatability’ issues, they are
considered sufficiently severe to warrant classification.
RAC considers that there is no doubt that the decrease in food consumption, body weight and
body weight gain are treatment related in all species and that the effects are observed following
dietary, oral gavage and dermal exposures.
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According to Annex 1: 3.9.2.9.4, CLP: “The decision to classify at all can be influenced by
reference to the dose/concentration guidance values at or below which a significant toxic effect
has been observed”. In this regard a significant toxic effect is clearly demonstrated in a consistent
manner across all species tested, by both the oral and dermal routes. Accordingly RAC concluded
that classification as STOT RE 2 – H373 is justified.

RAC evaluation of germ cell mutagenicity
Summary of the Dossier submitter’s proposal
Terbuthylazine was tested in a wide battery of in vivo and in vitro studies. All studies were
performed according to appropriate contemporary guidelines, with the exception of the in vitro
UDS assay by Seeburg (1988b). All of the submitted studies were negative, with the exception of
the mammalian cell mutagenicity (HGPRT) study by Mosesso (1988a) in the absence of metabolic
activation. However, the positive response in the study by Mosesso (1988a) was at terbuthylazine
concentrations of 600 - 800 µg/mL associated with cytotoxicity. The (HGPRT) mammalian cell
mutagenicity study by Hertner, (1995b) was clearly negative. The maximum concentration of
terbuthylazine used in the Hertner (1995b) study was 380 µg/mL, which was stated to be the limit
concentration and was associated with less marked cytotoxicity. A brief summary is presented
below, the CLH report details each specific study in tables 18a and 18b.
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Table: Summary of genotoxicity tests
Study

Notifier

Test system

Result

Reference

Syngenta

TA98, TA100, TA102, TA1535,
TA1835; E. coli WP2uvrA

Negative

Hertner,
1995a

Oxon

TA1535, TA1537, TA1538,
TA98, TA100

Negative

Forster, 1988

Oxon

TA1535, TA1537, TA 98, and
TA100; E. coli WP2urvA

Negative

Bowles, 2009

V79 (HGPRT locus)

Negative

Hertner,
1995b

V79 (HGPRT locus)

Positive
(-S9)
Negative
(+S9)

Mosesso,
1988a

Syngenta

CHO cells

Negative

Hertner,
1995c

Oxon

CHO cells

Negative

Seeberg,
1988a

Oxon

HeLa cells (Study
unacceptable*)

Negative

Seeburg,
1988b

Mouse (Tif:MAGf) bone
marrow

Negative

Hertner, 1989

Mouse (Swiss CD-1) bone
marrow

Negative

Mosesso,
1988b

In vitro

Bacterial
mutagenicity

Syngenta
Mammalian
cell
mutagenicity

Oxon

Clastogenicity

UDS
In vivo

Syngenta
Micronucleus
Oxon

* This study deviated from the relevant OECD TG (1986) because 3 (rather than 6) cultures were used, and adequate
assay sensitivity was not obtained using the positive control benzo(a)pyrene in the presence of S9.

Two studies evaluated the potential of terbuthylazine to induce cytogenetic damage in the bone
marrow of mice. No evidence of significant micronucleus formation was found in either study and
the test substance was judged to have reached the target organ.
The DS concluded that terbuthylazine was not mutagenic in vitro or in vivo. No classification was
proposed.

Comments received during public consultation
No comments were received relating to germ cell mutagenicity.

Assessment and comparison with the classification criteria
No human data are available for terbuthylazine, therefore a classification with Muta. 1A is not
supported. Terbuthylazine is not positive in in vivo somatic cell mutagenicity tests in mammals
and thus does not trigger classification as Muta. 1B.
11

Despite the single positive in vitro result (mammalian cell mutagenicity; Mosesso, 1988a) the two
respective in vivo studies and remaining in vitro studies showed a clear negative outcome, hence
a classification in category 2 is precluded.
RAC agrees with the conclusion of the DS that no classification for mutagenicity is required.

RAC evaluation of carcinogenicity
Summary of the Dossier submitter’s proposal
The chronic toxicity and carcinogenicity of terbuthylazine was investigated in two studies in the
rat (a third study was supplementary to the Gfeller 1983a study and cannot be considered suitable
for the determination of carcinogenic potential by itself because of the limited number and low
doses of terbuthylazine investigated), and three studies in the mouse. In common with the
short-term studies, reduced weight gain and food consumption were observed in all studies.
Chronic administration of terbuthylazine did not increase mortality; signs of toxicity were
non-specific and no single or specific target organ or tissue was identified. The DS has
summarised the key data for all six long-term studies in table 19 of the CLH report.
There was no evidence of carcinogenicity in any of the three mouse studies.
The two primary chronic toxicity and carcinogenicity studies in rats (Gfeller, 1983a, SD-derived
strain, and Ramesh, 2001, Han Wistar strain) had findings of increased incidences of mammary
gland tumours. In addition, the Gfeller (1983a) study alone showed an increased incidence of
Leydig cell tumours in SD rats. The Gfeller (1983b) study was designed to complement the
previous study by Gfeller (1983a) and to establish a NOAEL for the SD-derived rat strain exposed
to lower levels of terbuthylazine than those used in the original study.
(1) Relevant Historical Control Data
The incidences of the observed tumours implied a treatment related response. Laboratory
historical control data were available for both primary rat studies.
Mammary gland tumours:
Mammary gland tumours are a common spontaneous tumour in female SD rats (NTP, 2005) and
the incidences in the Gfeller (1983a) study were reported to be within the laboratory historical
control range (top dose of 53 mg/kg bw/day with 14/80 relative to 4/80 with concurrent controls;
historical control range: 4/80 – 17/80, mean 8.7/80 from seven studies initiated between 1979 1986).
The incidence of mammary gland tumours in the Han Wistar rats of the Ramesh (2001) study was
above the laboratory historical control range at the top female dose of 7.6 mg/kg bw/d (16% vs
2% in concurrent controls; historical control mean 4.9% and range 0-12%); see table with
historical control data below. On this basis, the DS originally concluded that a treatment related
effect could not be ruled out.
Table: Historical control data for female Han Wistar Rats presented in the DAR for the
Ramesh (2001) study (G1 = controls, G2 = 0.6, G3 = 2.4 and G4 = 7.6 mg/kg bw/d)
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Testicular Leydig Cell tumours:
The incidence of Leydig Cell tumours in the SD rats of the Gfeller (1983a) study was above the
laboratory historical control range at the top male dose of 42 mg/kg bw/d (12.5% vs 3.8% in
concurrent controls; historical control range 0-7.5%), as shown in the table below. Higher
incidences have been reported in other laboratories and in the Registry of Industrial Toxicology
Animal (RITA) database.
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Table: Comparison of Gfeller Leydig Cell Tumour incidenses with historical controls and
other sources.
Data source

Range of Leydig cell tumour incidence
(%)

750 ppm terbuthylazine (Gfeller, 1983a)

12.5

Laboratory historical control data

0 – 7.5

RITA database

0 – 12

McMartin et al., 1992

1.4 – 13.3

Nakazawa et al., 2001

22.5 – 27.5

(2) Mammary Gland Tumours
Mammary tumours were observed in two carcinogenicity studies, one in SD rats (Gfeller, 1983a)
and one in Han Wistar rats (Ramesh 2001).
Gfeller, (1983a) Study – SD Rats
In a chronic toxicity and carcinogenicity study with SD-derived rats (Gfeller, 1983a), an increased
incidence of mammary gland adenocarcinoma was noted for female rats receiving the highest
dose of terbuthylazine tested (53 mg/kg bw/d). The Gfeller (1983a) study was a non-guideline
study. Animals were dosed for 2 years and then the study continued until survival was 20 % in one
group (interim groups at one and two years were also included). The incidences were reported to
be within the laboratory historical control range (top dose 14/80; historical control range: 4/80 –
17/80).
Ramesh, (2001) Study – Han Wistar Rats
A second chronic toxicity and carcinogenicity study was conducted with terbuthylazine, using Han
Wistar rats (Ramesh, 2001). An increased incidence of mammary gland adenocarcinoma was
noted for female rats receiving the highest dose of terbuthylazine tested (7.6 mg/kg bw/d). The
incidence of mammary gland tumours in Wistar rats was above the laboratory historical control
range at the top dose (16%; historical control mean = 4.9 % with range 0-12 %).
The DS dismissed the tumours in the SD-derived rats as being non-relevant to humans on the
basis of chemical structural similarity of terbuthylazine to other chlorotriazines and in particular
from read-across with atrazine and the well characterised mode of action (MoA) of atrazine in
disturbing the hypothalamic-pituitary-ovary axis in this strain of rat.
Originally the DS could not dismiss the findings observed for the Wistar rat tumours due to only
limited data being available at the time of the drafting of the CLH report showing that
chlorotriazines might have a comparable effect on the hypothalamic-pituitary-ovary axis in Wistar
rats as in SD rats. This position of the DS changed with the introduction of new data reported
subsequent to completion of the CLH report and submitted during public consultation.
Mode of Action
The MoA for mammary gland tumours in the rat involves modulation of the gonadotropin releasing
hormone (GnRH) pulse, attenuation of pituitary releases of luteinizing hormone (LH), and
alteration of ovulatory cycles, expressed as constant estrus, which leads to prolonged exposure of
mammary and pituitary tissues to oestrogen and prolactin, and development of tumours in
response to these prolonged hormone exposures.
This MoA assumes that there are significant species and/or strain differences with respect to (1)
sensitivity and magnitude of the LH response to terbuthylazine and (2) differences in the process
of reproductive senescence. New data supports this proposed mechanism of action for both
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terbuthylazine and atrazine in SD and Wister rats, but not in Fischer 344 rats. An outline of the
MoA is presented in the figure below. See also Annex I of the CLH report.
Figure: Mode of action for chlorotriazine-induced mammary tumours in female rats: Sensitivity of
different strains (schematic adapted from Simpkins et al., 2011)

Human Relevance of the Rodent Mammary Gland Tumours:
The MoA of atrazine (Simpkins et al., 2011) and terbuthylazine in producing mammary tumours is
considered not relevant to humans because the preovulatory LH surge mechanism is different in
humans and other primates compared to rodents when at normal reproductive age and at
reproductive senescence:
1. In rats, a brief LH surge leads to ovulation. This occurs during a critical 2-hour
period on the afternoon of proestrus when GnRH surges in response to increasing
plasma oestrogen levels. GnRH is deterministic in this case.
2. By contrast, ovulation in humans occurs in the absence of a GnRH surge, in
response to an oestrogen-stimulated increase in pulsatile GnRH/LH release from
the pituitary lasting for 2–3 days. The role of GnRH is permissive with respect to
ovulation in humans, allowing the pituitary gland to respond to circulating
oestrogens.
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3. In rodents, the GnRH surge is deterministic in the timing of the LH surge. Ageing
rats lose the ability to mount an LH surge, but ageing humans retain the ability to
produce GnRH and pituitary gonadotropins such as LH and FSH.
4. The ovary in the ageing woman becomes unresponsive due to the lack of responsive
follicles, and oestrogen production falls.
5. Ageing rat ovaries continue to produce oestrogen.
Suppression of the LH surge (via effects on GnRH release) is a crucial key event for the induction
of mammary tumours in SD rats by chlorotriazines, with a lack of an effect on this parameter
being the reason why chlorotriazines do not induce mammary tumours in Fischer 344 rats
(Simpkins et al., 2011). Both SD and Han Wistar rats primarily enter into a state of constant
oestrus following atrazine and terbuthylazine exposure (and this may be viewed as akin to
early-onset of reproductive senescence in these rat strains, i.e. similar to hypothalamic failure to
stimulate pituitary release of LH). Therefore, greater oestrogenic exposure in these strains from
an earlier timepoint that is usually associated with normal reproductive senescence (i.e. < 12
months of age), is considered a causal key event contributing to the development of mammary
tumours.
There are several reasons to suggest that the disruption of the LH surge as outlined for selected
rat strains and resulting in an increased incidence of mammary tumours when treated with
terbuthylazine is not relevant to humans:
1. In rats, alterations by triazines in the LH surge appear to be the result of an effect
on the hypothalamus, reducing the release of GnRH. In humans, the signal for
initiating the LH surge is a feedback mechanism driven by oestradiol released by the
ovary, and therefore reductions in GnRH are unlikely to impact on LH in humans in
the same way as they do for the rat.
2. Atrazine for example, does not directly affect LH secretion from the pituitary in the
rat. In humans, the ovary and pituitary play a more central role in the hormonal
control of the menstrual cycle, disruption of hypothalamic signalling may not have
the same effect as in rats. For example, women respond to reduced levels of LH by
reductions in levels of oestrogen, not increases as seen in the rat.
3. The causes of reproductive senescence are different between rats and humans. In
rats, exposure to atrazine for example, leads to a reduction in GnRH signalling, and
suppresses the LH surge. The failure to ovulate results in persistent secretion of
oestrogen, which provides a feedback to the pituitary leading to increased secretion
of prolactin. As a result, atrazine accelerates the normal reproductive ageing
process in female SD rats and is characterised by persistent exposure to oestrogen
and prolactin. The persistent oestrus in dams leads to premature reproductive
failure. In humans, reproductive senescence is not due to changes in GnRH
signalling or LH but to reduced numbers of eggs and follicles in ageing ovaries and
the lack of hormonal feedback to the pituitary.
4. The timing and control of ovulation in humans is not linked to a circadian signal like
it is in the rat and the primary site for feedback from oestradiol is the pituitary, not
the preoptic area of the hypothalamus which is the feedback site in rats.
There were no data to determine whether there is general relevance for the human hormonal
cycle at different life stages with exposure to terbuthylazine.
Relevance of Structural Similarity Amongst the Chlorotriazines:
Chlorotriazine herbicides share a very high degree of structural similarity (see table below):
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Table: An illustration of the high degree of structural similarity across all the chlorotriazines.
Chlorotriazine

Terbuthylazine

Atrazine

Simazine

Propazine

Structure

The comparison of terbuthylazine with other chlorotriazines such as atrazine is important because
Industry originally proposed to read-across the information available for atrazine to
terbuthylazine in support of no classification. This was based on there being a substantial body of
evidence from studies conducted with atrazine that suggest effects such as mammary tumours
are of low or questionable significance to humans. Investigations of other MoA did not provide any
evidence that atrazine had intrinsic oestrogenic activity or that it increased aromatase activity in
vivo. However, it must be pointed out that an indepth evaluation of the atrazine data is beyond
the scope of this opinion document. A brief look at the published data indicates that atrazine
decreases the latency of mammary adenocarcinomas and fibroadenomas, increases the incidence
of these tumours in female SD rats, has no effect in female F344 rats or in mice (C57BL/6, CD-1,
C3H/Anf) and is not genotoxic, nor does it display any significant oestrogen receptor binding.
It is because of a number of shared features (herbicidal MoA, similar toxicology, chemical
structural similarity), that chlorotriazines can be reasonably considered as a common mechanism
group with respect to their biological toxicity and tumourigenicity; indeed this has been accepted
by the US EPA. The tumours in SD rats (Gfeller, 1983a) were dismissed by the DS due to the
similarities in the effects between terbuthylazine and atrazine. In addition, the tumour incidences
for terbuthylazine fell within the historical control range for this particular rat strain. The DS
originally argued in favour of classification for carcinogenicity, stating that this was warranted
based on residual concern for mammary gland tumours in Wistar rats (Ramesh, 2001) and due to
the limited data available supporting the assertion that chlorotriazines have a comparable effect
on the hypothalamic-pituitary-ovary axis in Wistar rats to that in SD rats.
New Mechanistic Data:
New mechanistic studies have been conducted with terbuthylazine and atrazine in both
ovariectomized SD and Han Wistar rats that support a common mechanism of action involving the
perturbation of the hypothalamic-pituitary-ovary axis. These studies were not assessed by the DS
in the CLH report because they became available during public consultation. The DS urged a
careful consideration of the results in the RCOM document and considered that terbuthylazine has
a similar effect on the LH surge as atrazine in both SD and Wistar rats. The DS concluded that the
new data support the argument that the tumours in Wistar rats also occur by a mechanism not
relevant to humans. The data are summarised below.
Terbuthylazine suppresses the LH surge in both SD and Han Wistar rats:
Suppression of the LH surge (via effects on GnRH release) is a crucial key event for the induction
of mammary tumours in SD rats by chlorotriazines such as atrazine, with a lack of an effect on this
parameter being the reason why chlorotriazines do not induce mammary tumours in for example,
Fischer 344 rats (Simpkins et al., 2011). Mode of action work with atrazine has demonstrated that
it can inhibit the LH surge in both SD (Simpkins et al., 2011) and Han Wistar (Foradori et al., 2009)
rats, but not in Fischer 344 rats (Simpkins et al., 2011).
Furthermore, recently completed MoA studies have demonstrated that both atrazine and
terbuthylazine suppress the LH surge in both SD and Han Wistar rats and that the levels of
suppression are comparable when the two chlorotriazines are dosed in equimolar quantities (100
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mg/kg bw/d and 106.5 mg/kg bw/d for atrazine and terbuthylazine, respectively) (Handa, 2014;
Stump, 2014). A summary of these data are presented in the figure below. Further detail of the
Handa, (2014) and Stump, (2014) studies are presented under “Additional Key Elements” in the
background document.
Figure: Atrazine and terbuthylazine both suppress the LH surge in (A): Han Wistar (Handa, 2014)
and (B): SD (Stump, 2014) rats.
Control

LH Surge AUC (% of Control)

A: Han Wistar

Terbuthylazine

120
100
80

***

60

**

40
20
0
Control

B: Sprague Dawley
LH Surge AUC (% of Control)

Atrazine

Atrazine
Control

Terbuthylazine
Atrazine

Terbuthylazine

120
100

**

80

***

60
40
20
0
Control

Atrazine

Terbuthylazine

Atrazine and terbuthylazine were dosed at molar equivalent doses (100 and 106.5 mg/kg bw/d for atrazine
and terbuthylazine, respectively).
Data are area under the curve (AUC) values presented as % of Control.
** and *** statistically significantly different from control with p<0.01 and p<0.001, respectively
No statistically significant differences were observed between atrazine and terbuthylazine treated groups.

In summary, the MoA for chlorotriazine-induced mammary tumours in female SD rats can be
extrapolated to Han Wistar rats, based on their shared sensitivity to chlorotriazine-mediated
suppression of the LH surge. The similarities and differences amongst rat strains are briefly
summarised in the table below.
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Table: Summary of rat strain similarities/differences in sensitivity to chlorotriazine-mediated
inhibition of the LH surge, reproductive ageing and spontaneous mammary tumour incidence in
female rats (adapted/compiled from Chapin et al., 1996; US-EPA, 2000a, 2002, 2006; Simpkins
et al., 2011 and Harleman et al., 2012).

Sensitivity to
Chlorotriazine-Mediated
Inhibition of the LH
Surge
Age at which
Reproductive
Senescence Becomes
Evident
Principle Cause for Onset
of Senescence
LH Surge Capability
Predominant Cycle
Pattern
Post-Onset
Oestrogen/Progesterone
Ratio
Prolactin Dependence
Spontaneous Mammary
Tumour Incidence

SD

Han Wistar

Fischer 344

Yes

Yes

No

~12 months

~12 months

~9-12 months

Hypothalamic
failure to
stimulate LH/FSH

Hypothalamic
failure to
stimulate LH/FSH

Lost

Lost

Persistent oestrus

Persistent oestrus

Elevated/prolonged

Elevated/prolonged

Reduced

High
~30%
Fibroadenoma
~12% Carcinoma

High
~25%
Fibroadenoma
~13% Carcinoma

Medium
~12%
Fibroadenoma
~2% Carcinoma

Hypothalamic
failure to
control
prolactin
surges
Maintained
Repetitive
pseudopregnancy/
dioestrus

(3) Leydig Cell Tumours:
An increased incidence of Leydig cell tumours was observed in top dose SD male rats (42 mg/kg
bw/d). However, there was no such increase in the study conducted with Wistar rats (conducted
at lower dose levels). The DS clearly outlined their view that the apparent increase in Leydig cell
tumours in male SD rats was an artefact of increased survival in the high dose group. Details of
the notifiers’ position which was in agreement with that of the DS, were given in Annex II of the
CLH report. In table d of section 4.10.1.1 of the CLH report, the DS shows when Leydig Cell
tumours occurred during the Gfeller, (1983a) study. This table shows two important pieces of
information:
1. Increasing dose leads to increased survival of animals to scheduled sacrifice, and
2. The majority of Leydig Cell tumours observed in top dose animals occurred at or
beyond the two year time point (6 tumours vs. 1 in controls).
This table supports the argument that the increase in the incidence of Leydig cell tumours is a
consequence of the increased survival in the high dose groups and not a treatment related effect.
Human Relevance of Leydig Cell Tumours:
The incidence of these tumours was above the historical control level. However, interpretation is
confounded by the difference in study durations of this study and the studies used to provide
historical control range data. A revised statistical analysis (Annex II, Appendix 1 of the CLH report)
confirms that the apparent increase in Leydig cell tumours was not statistically significant when
using the Poly-k trend test, nor in subsequent pair-wise tests using Fishers exact test. There was
a higher survival rate in the high dose group compared to the other dose groups with the majority
of tumours developing after the standard 2-year dosing period had ended. Since Leydig cell
tumours are considered spontaneous age-related benign tumours, their increased incidence in
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this case is a consequence of the increased survival in the top dose group and not a treatment
related effect. The DS considers there were no treatment related carcinogenic effects in Leydig
cells of rats and no potential concern to human health.
(4) Summary:
The DS proposed classification as Carc. 2; H351 because of the high incidence of mammary
tumours at the top dose of the Ramesh, (2001) study that used the Han Wistar strain of rat. It was
only during public consultation that new data became available supporting the assertion that
terbuthylazine has a comparable effect to that of atrazine on the hypothalamic-pituitary-ovary
axis in Wistar rats and in SD rats.

Comments received during public consultation
Several comments were received from a variety of sources, including industry, trade associations,
three MS and a statement from a group of individual scientists originally asked by Syngenta to
review the original study reports. There was no support for classification amongst most of the
comments. Of the three MS who commented, two did not support classification, and one MS
supported the original DS proposal for classification but apparently without knowledge of the new
data supporting the same MoA for mammary tumours in Wistar and SD rats upon treatment with
terbuthylazine. These new data has been summarised under the “Summary of the dossier
submitter’s proposal” above (under the heading New mechanistic data in the section Mammary
gland tumours).

Assessment and comparison with the classification criteria
In accordance with the criteria in the CLP Regulation a classification in Category 1A is not
appropriate because there is no epidemiological/human evidence for the carcinogenicity of
terbuthylazine in humans.
It is therefore necessary to decide whether a classification of terbuthylazine in category 1B or
category 2 is justified. Since an increase in tumour incidence has been observed in one species
only (rat, but in two strains) and the available genotoxicity data on terbuthylazine do not support
a genotoxic MoA for tumour induction, classification in category 1B is inappropriate.
Category 2 may be considered on the basis of increased tumours only observed in rats at the top
dose, at a dose that appeared to exceed the MTD. However, it seems probable that the tumours
were the result of a MoA not relevant to humans but common to other chlorotriazines such as
atrazine and are relevant to SD and Han Wistar rat strains.
The new data suggest that consideration of no classification is appropriate for terbuthylazine.
Originally the DS proposed classification in category 2 for terbuthylazine on the basis of the
mammary gland tumours seen in Han Wistar rats from the Ramesh (2001) study. The DS had
made a valid point about read across from other chlorotriazines such as atrazine because limited
data was available supporting the assertion chlorotriazines have a comparable effect on the
hypothalamic-pituitary-ovary axis in Wistar rats and in SD rats at the time the CLH report was
drafted. However since then Industry have submitted additional studies that add weight to the
argument that the mammary tumours in Wistar rats occured via the same MoA as those in SD rats
which have been dismissed as not relevant for humans.
The weight of evidence indicates that Terbuthylazine acts in a similar manner to atrazine in both
SD and Wistar rat strains and that the primary feature of both substances in long-term
administration studies in females is a suppression of the pre-ovulatory LH surge. This is a crucial
key event for the induction of mammary tumours in SD rats by chlorotriazines such as atrazine
which is considered to be not relevant to humans. Accordingly RAC concludes that no
classification with respect to carcinogenicity is warranted for terbuthylazine.
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RAC evaluation of reproductive toxicity
Summary of the Dossier submitter’s proposal
Fertility
The effects of terbuthylazine on fertility have been investigated in two two-generation studies and
one one-generation study in rats. The DS summarised the data from these studies in table 20 of
the CLH report.
(i) Two-generation study by Masters et al. (1992)
The two-generation study by Masters et al., (1992) utilised SD rats. There were no
treatment-related mortalities. Apparent effects on mating, pregnancy and corpora lutea were
noted for F0 and F1 female rats administered terbuthylazine via the diet at 300 ppm (22–26
mg/kg bw/d). No similar effects were noted in females receiving 6 or 60 ppm. These data are
summarised in the table below, along with data for body weight gain and food consumption.
Table: Summary of mating and pregnancy parameters, corpora lutea, body weight gain and food
consumption in female SD rats receiving terbuthylazine

No.
Dose
females
(ppm)
mated

Pre-mate Pre-mating
Reduced/
Total no. Pregnancy
body
food
No.
Absent
weight
not
rate
consumption
pregnant
Corpora
gain (% of (%
of
pregnant (%)
Lutea
control) control)

0

32

31

1

96.9

0

100

100

6

32

30

2

93.8

0

103

97

60

32

30

2

93.8

0

94

94

300

32

25

7

78.1

4

68

84

F0

F1

0

28

24

4

85.7

0

100

100

6

28

24

4

85.7

0

100

99

60

28

26

2

0

84

92

78.6/85.7 7

75

84

300

28

22

6/4

92.9
1

1

1

Initially 6 females were found not pregnant; however, 2 of these animals became pregnant after mating
with a male proven to be fertile.

A number of effects were noted by the DS in the Masters et al., (1992) study:
1. At the top dose level, parental body weight gain was lower than in controls during the
pre-mating period (30-32 % in the F0 generation and 22-25 % in the F1 generation)
in both sexes at 300 ppm and was accompanied by a reduction in food consumption
(between 10-16 % in both generations).
2. Prior to mating, mean body weight loss for females in the high dose F0 and F1
generations was 13.6% and 25% respectively (not statistically significant).
3. In the F0 high dose group 7 out of 32 females (compared to 1 out of 32 controls)
failed to become pregnant (4 showed no indication of mating). Reduced or absent
corpora lutea were also observed in 4 out of the 7 females that failed to conceive.
4. In the F1 generation, 6 out of 30 high dose females failed to fall pregnant. In addition,
4 out of 30 control animals also failed to become pregnant. No indication of mating
was observed in 5/6 of the high dose females. Corpora lutea were absent in the four
high dose females that failed to conceive; however, reduced numbers of corpora
lutea were also observed in 3 females who successfully conceived.
5. Effects on offspring were also noted at 300 ppm (reduced pup weight and slightly
delayed sexual maturation) in both generations.
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(ii) Two-generation study by Krishnappa (1998)
No treatment-related deaths occurred and no clinical signs of toxicity were observed in Wistar rats
in the study of Krishnappa (1998). The highest dose level in this study was 200 ppm (18–24
mg/kg bw/d; females). Many body weight parameters were significantly lowered in both sexes at
the top dose level.
Mating, fertility and gestation indices were unaffected by treatment. There were no effects on the
numbers of corpora lutea. The proportion of implantations at the top dose level was slightly (but
significantly) lower; this finding correlates with a slightly higher post-implantation loss but is not
considered to be clearly treatment-related in the absence of any effect on litter size. Gross
necropsy did not reveal any treatment-related findings.
Pup viability was reduced in both F1 and F2 pups. In the F1 generation, viability was reduced in
the top dose group on day 1 and 4 and at both the mid and high dose on day 21. In the F2
generation, pup viability was lower in all dose groups on both day 4 and day 21. Pup weight was
also reduced at these dose levels. The DS considered that the reduced viability was a repeated
dose effect and not a specific developmental effect. Table B.6.67 from the original DAR which
details the offspring findings from the Krishnappa study is reproduced in the table below.
Table: Wistar Rat 2-generation study, Krishnappa, (1998): offspring findings
Dose level (ppm)
Parameter /Time point

200
29
11.2
11*
96.6*
90.8*
80.3*
10.9
10.9
9.9
7.1
6.4
5.9

0
29
12.0
100
97.1
92.9
12.0
12.0
11.7
7.7
7.3
7.2

50
28
12.5
3
99.1
88.5*
84.9*
12.4
12.4
11.0
7.2
6.5
6.4

0
50
200
Day 1
5.5
5.7
5.3
Day 4
7.6
7.9
7.3
Pup weight (g)
Day 7 11.6
11.5
10.0*
F1
Day 14 22.3
22.9
19.6*
Day 21 32.7
34.5
30.7*
Weight gain
Day 27.2
28.8
25.4
(g)
1-21
Day 1
5.9
5.5*
5.7
5.6
Day 4
8.1
7.3*
7.7
7.6
Pup weight (g)
Day 7 12.2 10.7*
11.0
10.3*
F2
Day 14 23.4
21.8
21.8
21.4
Day 21 35.5
33.5
32.7
30.5*
Weight gain
Day 29.6
28
27
24.9
(g)
1-21
1
not analysed statistically
*significantly different to controls p<0.05 (Dunnett’s test)

0
5.7
7.6
11.1
21.0
32.0
26.3

50
5.5
7.7
11.2
22.3
33.5
28.0

5.6
7.8
11.7
22.3
35.3
29.7

5.2
7.1
10.6
21.0
32.5
27.3

Number of
pups1

Litters (#)
Litter size (#)
Born dead (#)
Live birth index
Viability index
Lactation index
Day 1
Day 4 (pre)
Day 4 (post)
Day 7
Day 14
Day 21

0
26
11.3
3
99.0
97.3
92.3
11.2
11.2
10.9
7.0
6.9
7.6

50
27
11.0
4
98.7
97.6
90.0
10.9
10.9
10.6
7.4
6.3
7.0

F1
100
30
12.3
3
99.2
96.7
83.3*
12.2
12.2
11.8
7.5
6.9
6.6
M
100
5.6
7.5
10.7
20.1
31.1
25.5

F2
100
27
11.4
7*
97.7
93.7*
83.2*
11.1
11.1
10.4
6.7
6.2
6.1
F
100
5.5
7.2
10.3
18.9
28.9
23.4
5.4
7.4
11.1
22.1
33.1
27.7

200
27
11.6
2
99.4
92.3*
84.2*
11.5
11.5
10.6
7.2
6.4
6.3
200
4.9*
6.8*
9.2*
17.3*
26.6*
21.4
5.4
7.0
9.9*
20.2
28.9*
23.5

In the other reproduction studies with terbuthylazine (Masters et al., 1992; Ganiger, 1999) there
was no evidence of any effect on pup survival.
(iii) One-generation study by Ganiger (1999)
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No deaths occurred and no signs of toxicity were observed during the study period. Acceptable as
a range-finding study, this one-generation study in the Wistar rat had no effects on fertility up to
the top dose (25-36 mg/kg bw/d). However, the group size was too small to yield 20 pregnant
females/dose and this could impact on the ability to discern subtle effects. There was a small
reduction in the mean number of corpora lutea, although ranges were comparable in treated and
control animals and fertility was unaffected.
Significantly lower body weight gains and mean body weights were seen in both sexes at ≥100
ppm (7–10 mg/kg bw/d) during the pre-mating period; food consumption was also slightly lower
in these groups. Mean body weights of females at ≥100 ppm were also significantly lower than
controls throughout gestation and lactation; body weight gains during lactation and gestation
were also clearly lower in these groups, but the values did not attain statistical significance.
Mean body weights of pups at the top dose level were lower than controls throughout the lactation
period. Gross necropsy of pups did not reveal any treatment-related findings.
In all the rat multi-generation studies the primary parental and offspring effects were reduced
body weight, reduced body weight gain and food consumption. Several published studies have
investigated the effect of reduced body weight on SD (CD) female rats and reproductive function
(Chapin et al., 1993; Carney et al., 2004; Terry et al., 2005). These studies utilised restricted
caloric diets to achieve weight loss and show effects on the reproductive performance of SD rats.
Reduced pre-mating body weight generally resulted in a reduced pregnancy rate, reduced
numbers of corpora lutea, and reduced offspring body weight with delays in puberty compared to
controls.
The DS considered that the apparent effects on fertility in SD rats at the top dose level (300 ppm)
are not attributable to a direct effect of terbuthylazine on mating or fertility per se. The findings
reflected a combination of background variation in mating performance in the animals (historical
control incidences for fertility rate in SD rats ranges from 84–100% for the F0 generation and
36-100% for the F1 generation) and/or were secondary to the general systemic toxicity observed,
specifically lower body weight parameters. The DS did not propose classification for fertility.
Development
The developmental toxicity of terbuthylazine has been investigated in three studies in rats and
four studies in rabbits (briefly summarised below). In none of the studies were any malformations
of concern noted and the foetal findings observed were considered by the DS to be a secondary
non-specific consequence of the maternal toxicity and not a direct effect on development.
(i) Fitzgerald (1990)
RAIF rats: No evidence of teratogenicity was seen in this study. Increased incidences of absent
ossification of the anterior digit proximal phalanges at the top dose level were considered to be
treatment-related and likely to be a result of developmental delay secondary to maternal toxicity.
Increased incidences of absent ossification of the posterior digit proximal phalanges at ≥5 mg/kg
bw/d were all within the historical control range and were not considered to be clearly related to
treatment. Further analysis by the notifier is presented under “Additional Key Elements”.
(ii) Brooker (1995a)
Crl:CD.BR rats: A very high dose regimen was employed (100, 200 and 400 mg/kg bw/d). The
results of this study indicated severe maternal toxicity associated with local gastric irritation at
high dose levels of terbuthylazine. No effects on litter parameters were noted at dose levels up to
200 mg/kg bw/d. No gross abnormalities were observed in foetuses at these dose levels.
(iii) Brooker (1995b)
Crl:CDBR rats: Moderate doses of terbuthylazine were tested (5, 25 or 125 mg/kg bw/d). Litter
parameters were unaffected by treatment. Litter size and litter weight were comparable in all dose
groups. No evidence of teratogenicity was seen in this study; the incidence of interventricular
septum defect was within historical control levels. An increased foetal incidence of foetus squat
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syndrome (all five affected foetuses were from the same litter) was observed in the high dose
group.
(iv) Bottomley et al. (1983)
New Zealand White rabbits: No adverse effects were observed in dams or foetuses up to the top
dose (4.5 mg/kg bw/d).
(v) Khalil (1996)
Russian Chbb:HM rabbits: Deaths occurred in all groups, but the pattern of mortality did not
suggest a relationship to treatment. No malformations were observed and the increased foetal
incidence of forelimb flexure, observed at the top dose, was considered to be the result of
overcrowding due to a larger than average litter size.
(vi) Brooker (1995c)
New Zealand White rabbits (range-finding study): The rabbits were gavaged at dose levels of 5,
7.5 or 10 mg/kg bw/d. No malformations were observed. The number of late in utero deaths was
slightly increased at the top dose (2.2 compared to 1.2 in the controls). Foetal weight was also
reduced, as was the proportion of males at the top dose group.
(vii) Brooker (1995d)
New Zealand White rabbits (main study): The rabbits were gavaged at dose levels of 0, 2.5, 5 or
7.5 mg/kg bw/d. No malformations were observed. A slight increase in late in utero deaths was
observed; however, again this was only observed at doses with severe maternal toxicity (body
weight loss).
The DS concluded there were no malformations of concern and that the foetal findings observed
were considered to be a secondary non specific consequence of the maternal toxicity and not a
direct effect on development. No classification was proposed by the DS. In support of this
conclusion, an evaluation by JMPR in 2007 concluded that atrazine was not teratogenic.

Comments received during public consultation
One MS commented extensively on the effects observed following terbuthylazine exposure. They
disagreed with the DS who concluded that many of the effects were a secondary, non-specific,
consequence of maternal toxicity and therefore not relevant for classification. The MS also
remarked on the offspring results from the two-generation study by Krishnappa, (1998), where
they consider the pups born dead and the decrease of the viability index should be considered as
a developmental effect and not as a repeated dose effect as supported by the DS. Industry
supplied a robust and detailed response which is included under “Additional Key Elements”.
Individual comments submitted on behalf of scientists who were asked by Syngenta to review the
original study reports concluded that the reproductive effects noted in the two-generation study
by Masters et al., (1992), were due to maternal toxicity and not to a direct effect of terbuthylazine
on the reproductive system. They quoted the publication by Terry et al. (2005), where there was
a quantitatively similar decrease in corpus luteum numbers associated with feed restriction and
weight reduction. They also addressed the decreased pup survival during lactation in the study by
Krishnappa (1998). They explained the finding of a decrease in pup survival was an artefact of
analysis on a per-pup basis rather than the preferred per-litter basis. Re-analysis of the data on a
per-litter basis indicated that there was no effect of treatment on pup survival during lactation.
The company/manufacturer also submitted a position paper on terbuthylazine and reproductive
toxicity in SD rats.
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Assessment and comparison with the classification criteria
Fertility
Consideration of Category 1A/1B:
Effects are seen in one species (rat). The data do not warrant classification for fertility in Category
1 for the following reasons:
•
•

There is no evidence from humans.
There is no clear evidence of an adverse effect on sexual function and fertility in rat
multi-generation studies.

Consideration of Category 2:
The main effects on fertility were observed in the 2-generation study in rats (Masters et al., 1992)
at the high dose:
•
•
•

Decrease in pregnancy rate in F0 and F1 females.
Reduced or absent Corpora Lutea
Consistent reduction in pup body weight from birth through lactation.

These effects are considered secondary to the effect on dams early in gestation and to systemic
toxicity of the compound once pups begin to consume treated diet. Consideration of no
classification is warranted.
Consideration of no classification:
No effects were observed in the absence of maternal toxicity that provides sufficient evidence
for suspicion of reduced fertility:
•

Effects are minor and consistent with historical control variability. Historical control data
from two-generation SD rat studies demonstrate pregnancy rates of 84–100% (F0) and
36–100% (F1).

•

Reduced food consumption and body weight are known to affect pregnancy and numbers
of corpora lutea in SD rats (Chapin et al., 1993; Carney et al., 2004; Terry et al., 2005).
These published studies utilised restricted caloric diets to achieve weight loss and show
effects on the reproductive performance of SD rats such as reduced numbers of corpora
lutea, and reduced offspring body weight with delays in puberty compared to controls.

•

No significant effects on mating, pregnancy or number of corpora lutea were noted in
either one-generation (Gainger, 1999) or two-generation (Krishnappa, 1998) studies
with Han Wistar rats exposed to terbuthylazine.

•

Two-generation reproductive toxicology studies of near-identical design to that used for
terbuthylazine were conducted using the same strain of rat in a contemporary time period,
but in a different laboratory with two closely structurally-related chlorotriazines: atrazine
and simazine. No effects on mating, pregnancy or corpora lutea were noted in these
studies.

In summary, there is no clear evidence of an adverse effect on sexual function and fertility. RAC
therefore concludes that terbuthylazine does not meet the criteria for classification for
fertility.
Developmental Toxicity
Possible adverse relevant effects on development regarded as significant and biologically relevant
are the following:
•

Consistent reduction in pup body weight from birth through lactation is secondary to the effect
on dams early in gestation and to systemic toxicity of the compound once pups begin to
consume treated diet. This is a known effect for dams displaying significant reductions in body
weight (Carney et al., 2004).

•

Pup deaths in a two-generation study in the Wistar rat only (Krishnappa, 1998). These were
not clearly dose related and may be associated with data analysis being conducted on an
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individual pup basis (rather than on a litter basis). Not consistent across studies/strains of rat
– seen in 1 of 2 studies in Wistar rats and not seen in SD rats. For the F1 generation, the
statistically significant differences noted in the high dose group at days 1 and 4 are primarily
due to whole litter losses in 2 dams occurring shortly after birth. Any treatment-related effects
in pups 14 days or older can be considered to represent a repeated dose effect related to the
systemic toxicity of terbuthylazine rather than a developmental effect.
•

Incidences of incomplete ossification (Fitzgerald 1990) are noted only in the presence of
significant maternal toxicity, and are indicative of developmental delay and are considered to
be of no consequence postnatally. All statistically significant incidences of delayed ossification
are within the wider historical control database when litter incidence is used as the unit of
analysis.

These effects do not warrant classification for development.
According to section 3.7.2.4 of CLP Regulation and the ECHA CLP Guidance, in the interpretation
of the developmental outcome to decide classification for developmental effects, it is important to
consider the possible influence of maternal toxicity. Adverse developmental effects after
terbuthylazine treatment were observed at doses associated with maternal toxicity (i.e. body
weight reductions, decreased food consumption). The DS was of the opinion that these effects can
be regarded as irrelevant for classification because data exists showing that these types of effects
occur when body weight is reduced. RAC agrees with this assessment.
The criteria in section 3.7.2.4.3 states “Classification is not necessarily the outcome in the case of
minor developmental changes, when there is only a small reduction in foetal/pup body weight or
retardation of ossification when seen in association with maternal toxicity”. Section 3.7.2.4.2 of
the CLP Regulation states “Classification shall be considered where there is a significant toxic
effect in the offspring, e.g. irreversible effects such as structural malformations, embryo/foetal
lethality, significant post-natal functional deficiencies”.
The DS suggests that the effects on pup weight and viability are due to repeated dose toxicity in
the offspring rather than a developmental effect.
RAC concurs with this view. There is no evidence from the animal studies to warrant a
classification for terbuthylazine for developmental toxicity; RAC agrees on no classification.

RAC evaluation of environmental hazards
Summary of the Dossier submitter’s proposal
Terbuthylazine does not have a current harmonised classification according to the CLP Regulation.
Based on the available data on aquatic toxicity and considering the substance is not rapidly
degradable, the DS proposed an environmental classification as Aquatic Acute 1 (H400), M=10
and Aquatic Chronic 1 (H410), M=10 according to the CLP Regulation.
Degradation
Hydrolysis:
The available hydrolysis studies showed that terbuthylazine is hydrolytically stable at
environmentally relevant temperatures and pH values for the purposes of classification. In a study
performed following GLP and the US EPA 161-1 guideline, hydrolysis was assessed at pH 5, 7 and
9 at 25°C over 50 days in the dark. The following half-lives were calculated: 73, 205 and 194 days,
respectively. A single metabolite, 2-hydroxy-terbuthylazine (MT13), was observed.
In a preliminary study (following GLP and Commission Directive 92/69/EEC method C7)
hydrolysis was assessed at pH 4, 7 and 9 at 50°C over 5 days in the dark. At pH 4, at the end of
the test, 76 % hydrolysis was observed. However, there was insufficient data to calculate a DT50.
In the follow-up study (compliant with GLP and following SETAC guidelines), hydrolysis was
assessed at pH 4 at 20°C over 30 days with a calculated DT50 greater than 1 year. Only the
degradant MT13 was observed.
26

The DS provided two additional studies on terbuthylazine degradants, desethylterbuthylazine
(MT1) and MT13, although they were not considered relevant for the purpose of classification. The
study results indicated that the degradants are hydrolytically stable.
Photolysis:
Three aqueous photolysis studies following GLP are available showing that terbuthylazine
undergoes limited photodegradation and was considered photolytically stable under
environmentally relevant conditions for the purposes of classification.
Biodegradation:
Ready biodegradability was tested with two tests following GLP and OECD TG 301B. Only limited
degradation (2-3% and 3-9%) was observed at day 28. On this basis terbuthylazine was
considered not readily biodegradable.
Two GLP water/sediment studies showed that mineralisation of terbuthylazine to CO2 was minimal
(< 1%) over more than 100 days. In the first study two water/sediment systems were used (a
sandy and a silty loam sediment) to assess the fate of terbuthylazine at 9°C and 20°C in the dark
over 182 and 365 days. During the test terbuthylazine partitioned from the water phase to the
sediment phase. Whole system DT50 values were 33 to 73 days at 20°C and 136 to 224 days at
9°C. Three degradants were identified: MT13, MT1 and terbutryn (MT26). Terbutryn was
observed with a maximum of 7.4% AR in the silty loam sediment at 20°C at day 365 and the
concentration of the metabolite increased with time and may not have peaked by study
termination. In the second study two water/sediment systems were used (a loamy sand and a
clay loam sediment) to assess the fate of terbuthylazine at 20°C in the dark over 110 days. During
the test terbuthylazine partitioned from the water phase to the sediment phase. Whole system
DT50 values were 83.52 to 118.54 days at 20°C. Seven degradants were identified, the most
significant were: MT13 and MT1 whereas MT26 was not identified.
The DS provided another water/sediment study performed with the degradant MT26 showing
whole system DT50 values between 178 and 203 days, although degradants are not considered
relevant by the DS for the classification of terbuthylazine.
Environmental distribution
Three studies are available where the adsorbtion of terbuthylazine in various soils was assessed
according to OECD TG 106 and following GLP. The corresponding log Koc values from all studies
and soils ranged from 0.88 to 0.98 (mean 0.93) indicating a low adsorption potential.
Aquatic bioaccumulation
For terbuthylazine two measured log Kow values of 3.4 at 25°C and 3.41 at 20°C (GLP, OECD TG
107) were reported.
Two studies on bioaccumulation in fish are available following GLP and OECD TG 305. In the first
study the bioaccumulation of terbuthylazine was assessed using bluegill sunfish (Lepomis
macrochirus) over 42 days. A single exposure concentration of 0.4 mg a.s./L was used. Rapid
elimination was observed and the calculated whole fish steady state BCF was 34 (no lipid
normalisation to 5%). In the second study the rainbow trout (Oncorhynchus mykiss) over 21 days
was used. Two exposure concentrations were assessed: 0.005 mg/L and 0.05 mg/L. Rapid
elimination was observed and the calculated whole fish steady state BCF was 19 (no lipid
normalisation to 5%).
Aquatic toxicity
Fish:
Three acute and one chronic aquatic toxicity tests on fish are available from studies with
terbuthylazine, performed according to OECD TG 203 and OECD TG 210 and in compliance with
GLP.
Table: Summary of relevant information on aquatic toxicity to fish
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Method,
Substance and
purity

Test organism

Conditions

Endpoint

Toxicity values
in mg a.s./L

Reference

Oncorhynchus
mykiss

Static
nom

96-h LC50

2.2

Swarbrick and
Maynard, 2002

Cyprinus carpio

Static
mm

96-h LC50

> 5.7

Wallace and
Woodyer, 2002

Oncorhynchus
mykiss

Semi-static
nom

96-h LC50

2.4

Douglas et al,
1988a

Flow-through
mm

90-d NOEC
(based on
growth)

0.09

Rufli, 1996

Short-term toxicity to aquatic fish
OECD 203
Terbuthylazine
(96.8 %)
OECD 203
Terbuthylazine
(96.8 %)
OECD 203
Terbuthylazine
(97 %)
Long-term toxicity to aquatic fish
OECD 210
Terbuthylazine

Oncorhynchus
mykiss

(96.8 %)
mm – mean measured concentration
nom – nominal concentration

Test results indicated that Oncorhynchus mykiss as the more sensitive fish species. In the acute
toxicity study the 96-h LC50 was 2.2 mg a.s./L based on nominal concentrations as the measured
concentrations were 82 to 106 % of nominal. The long-term toxicity study provided a 90-day
NOEC of 0.09 mg a.s./L based on weight and mean measured concentrations.
Degradants: The DS did not consider degradants relevant for the classification of terbuthylazine.
However, acute toxicity in fish (following GLP) were provided in the CLH report for the following
degradants: MT1, MT13, desethylhydroxy-terbuthylazine (MT14), diamino-chloro-triazine (MT20)
and MT26. The only LC50 value lower than terbuthylazine is for MT26: in a study with
Oncorhynchus mykiss (according to Commission Regulation (EC) No 440/2008 method C1) the
96-h LC50 was 1.1 mg a.s./L (static, mean measured concentration).
Aquatic invertebrates:
The DS provided two studies for short-term toxicity and two studies for long-term toxicity to
aquatic invertebrates (Daphnia magna) – all studies were performed according to OECD
guidelines and followed GLP.
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Table: Summary of relevant information on aquatic toxicity to invertebrates
Method,
Substance
and purity

Test organism

Conditions

Endpoint

Toxicity values
in mg a.s./L

Reference

48-h EC50

> 69.3

Van der Kolk, 1996

Short-term toxicity to aquatic invertebrates
OECD 202

Daphnia magna

Terbuthylazine

Static
mm

(96.8 %)
OECD 202

Daphnia magna

Terbuthylazine

Static

48-h EC50

11

nom

Douglas et al.,
1988c

(97 %)
Long-term toxicity to aquatic invertebrates
OECD 202, part
II , 21-d

Daphnia magna

Semi-static

21-d NOEC

0.019

Shillabeer et al.,
2002

21-d NOEC

0.17

Bell, 1995

nom

Terbuthylazine
(96.8 %)
OECD 202, part
II , 21-d

Daphnia magna

Semi-static
mm

Terbuthylazine
(96.5 %)
mm – mean measured concentration
nom – nominal concentration

The water solubility of terbuthylazine is 9 mg/L at 25oC, pH 7.4 and therefore all but the lower
exposure concentrations were considered above the water solubility, in both short-term toxicity
studies with aquatic invertebrates. The lower value from short-term studies resulted in a 48-h
EC50 = 11 mg a.s./L, based on nominal concentrations. While it is not ideal that the EC50 is based
on nominal concentrations given some uncertainty regarding actual dissolved concentrations of
the test material and the value being above the reported water solubility, immobilisation was
observed at 1.8 mg a.s./L exposure solutions and above (which were within 20 % of nominal
concentrations). Therefore a recalculated EC50 using mean measured data wouldn’t be lower than
the one for the most sensitive aquatic species (algae).
Other aquatic organisms (including sediment)
In addition, the DS provided one long-term toxicity study on sediment organisms (Chiromonus
riparius). The GLP study was conducted according to the BBA Guideline (1995) in a static system,
which closely follows OECD Guideline 219 (simulating a one off event of pesticide spray drift). A
27-d NOEC = 0.5 mg a.s./L, based on nominal concentrations, was obtained.
Degradants: Moreover, the DS provided aquatic toxicity data for invertebrates on the most
relevant metabolites, although they are not considered relevant for the purpose of terbuthylazine
classification. Only the EC50 for terbutryn (MT26) is lower than EC50 values for terbuthylazine, in a
study with Daphnia magna following US EPA guideline 660/3-75-00 (static, nominal
concentrations) with a 48-h EC50 = 2.66 mg a.s./L.
Algae and aquatic plants
Six studies of the toxicity of terbuthylazine to various algae and diatom species and two studies to
aquatic plants are available. The algae/aquatic plants is the most sensitive trophic group,
terbuthylazine being a herbicide.
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Table: Summary of relevant information on aquatic toxicity to algae and plants
Method,
Substance and
purity

Test organism

Conditions

Endpoint

Toxicity
values in mg
a.s./L

Reference

Aquatic toxicity to algae and cyanobacteria
OECD 201
Terbuthylazine
(96.6 %)
OECD 201
Terbuthylazine
(96.4 %)
ASTM E1218-90
Terbuthylazine
(96.4 %)

Pseudokirchneriella

Static

72-h ErC50

0.028

subcapitata

mm

72-h NOErC

0.0012

Desmodesmus

Static

72-h ErC50

>0.03

subspicatus

nom

72-h NOErC

0.0011

Microcystis

Static

96-h ErC50

0.018

aeruginosa

nom

96-h NOErC

0.0037

Static

96-h ErC50

>0.03

nom

96-h NOErC

0.01

Static

48-120h ErC50*

0.052

Migchielsen,

mm

48-120h NOErC*

0.02

2002a

ASTM E1218-90
Terbuthylazine

Navicula pelliculosa

(96.4 %)
OECD 201
Terbuthylazine

Anabaena flosaquae

(98 %)
OECD 201
Terbuthylazine
(98 %)

Kelly, 1996

Grade, 1993a

Grade, 1993b

Grade, 1993c

Microcystis

Static

48-120h ErC50*

0.102

Migchielsen,

aeruginosa

mm

48-120h NOErC*

0.0396

2002b

14-d EC50

0.019

Static

(frond n°)

mm

14-d NOEC

Aquatic toxicity to aquatic plants
US EPA FIFRA
122-2
Terbuthylazine

Lemna gibba

(96.4 %)

Hoberg, 1993

(frond n°)
7-d EC50

OECD 221 draft
Terbuthylazine

0.0022

Lemna gibba

(97.7 %)

Semi-static

(frond n°)

nom

7-d NOEC

0.0128
0.0029

Dengler, 2001

(frond n°)

mm – mean measured concentration
nom – nominal concentration
*reflects period of exponential growth

The most sensitive species tested in the acute tests were the algae Microcystis aeruginosa and the
aquatic plant Lemna gibba. In the test with Lemna gibba (7 days, semi-static system) an EC50 of
0.0128 mg/L based on nominal concentrations was obtained. The blue green algae, Microcystis
aeruginosa was exposed to terbuthylazine in a static test system for 96 h. The ErC50 = 0.018 mg/L
(recalculated from the raw data) was based on nominal concentrations (analytical measurements
were 81% to 142% of nominal). Regarding chronic toxicity the most sensitive species tested is the
algae Desmodesmus subspicatus (formerly known as Scenedesmus subspicatus) (72 hours, static
system) with a NOErC=0.0011 mg/L (recalculated from the raw data), based on nominal
concentrations (at these exposure concentrations, mean measured concentrations were 91% of
nominal).
Degradants: The DS did not consider degradants relevant for classification of terbuthylazine.
However, aquatic toxicity to algae studies provided for the most relevant degradants, showed that
only the EC50/NOEC for terbutryn is lower than the one for terbuthylazine: in the study with
Pseudokirchneriella subcapitata (OECD 201 guideline) the 72-h ErC50 was 0.0036 mg a.s./L and
the 72-h NOErC was 0.0002 mg a.s./L (static, mean measured concentration). Whilst it is noted
that this degradant is an order of magnitude more toxic to algae/aquatic plants (the most
sensitive species) than the parent substance terbuthylazine, the DS concluded that it is not
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formed in significant amounts over the period representative of rapid degradation and is not
considered relevant to the classification of terbuthylazine.

Comments received during public consultation
Four Member States contributed during public consultation stating a general agreement with the
proposed environmental classification.
One MS had also a specific comment. It was suggested to add one further acute aquatic
invertebrate study conducted with Mysidopsis bahia (Ward, G. S., 1988, Report No.
87356-0210-2130) which was not considered in the CLH report but is available for national
registration for central zone in Germany. The LC50 of 0.092 mg a.s./L (nominal, 96 hours, static
system) would support the proposed classification and should be added for completeness, since
this represents the most sensitive endpoint for acute toxicity to aquatic invertebrates.
In response, the DS pointed out that although the values obtained from this study are lower than
those presented in the CLH report for invertebrates, the proposed classification for terbuthylazine
(Acute category 1, acute M-factor = 10), based on studies on algae/aquatic plants, would not be
affected.

Assessment and comparison with the classification criteria
Degradation
Terbuthylazine is considered hydrolytically and photolytically stable at environmentally relevant
temperatures and pH values. In a ready biodegradation study a maximum of 9 % degradation
was observed and as a consequence terbuthylazine was considered not readily biodegradable.
Based on two aquatic water/sediment studies, terbuthylazine is demonstrated to be not ultimately
degraded at a level greater than 70% in 28 days (mineralisation was < 1% over more than 100
days, whole system DT50 values were between 33 and 118.5 days), therefore terbuthylazine is
considered not rapidly degradable for the purposes of classification.
Bioaccumulation
Measured log Kow values are 3.4 at 25°C and 3.41 at 20°C. The measured BCF values from two
bioaccumulation studies in fish (34 and 19) are lower than the trigger value of 500 for
bioaccumulation stated in the CLP Regulation, therefore terbuthylazine is not considered
bioaccumulative for classification purposes.
Aquatic toxicity
Acute aquatic hazard:
Acute aquatic toxicity data are available for all three trophic levels. Terbuthylazine is a herbicide
and algae/aquatic plants is the most sensitive trophic group, where acute aquatic toxicity is
observed below the classification threshold of 1 mg/L.
Chronic aquatic hazard:
Adequate chronic aquatic toxicity data are available for all three trophic levels. The most sensitive
trophic group is algae/aquatic plants where the chronic aquatic toxicity is observed below the
classification threshold of 0.1 mg/L.

Conclusion on environmental classification
Terbuthylazine is considered not rapidly degradable and does not fulfil the criteria for
bioaccumulation potential. The lowest acute aquatic toxicity values fall within the range 0.01 <
L(E)C50 ≤ 0.1 mg/L and the lowest chronic aquatic toxicity values fall in the toxicity range 0.001
< NOEC ≤ 0.01 mg/L. Therefore RAC concludes that terbuthylazine fulfils the CLP criteria for
classification as Aquatic Acute 1 (H400) with an M-factor of 10 and Aquatic Chronic 1
(H410) with an M-factor of 10.
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ANNEXES:
Annex 1

Background Document (BD) gives the detailed scientific grounds for the opinion.
The BD is based on the CLH report prepared by the Dossier Submitter; the
evaluation performed by RAC is contained in RAC boxes.

Annex 2

Comments received on the CLH report, response to comments provided by the
Dossier Submitter and rapporteurs’ comments (excl. confidential information).
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