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1. SUMMARY

11 Study design

Glyphosate acid was evaluated in a bacterial mutagenicity assay (Gatehouse ez ¢/, 1990; based
on Maron and Ames ( 1983)) over a range of concentrations using four strains of Salmonella
typhimurium (TA1535, TA1537, TA98 and TA100) and two strains of Escherichia coli
(WP2P and WP2P uvr4) in the presence and absence of a rat liver - derived metabolic
activation system (S9-mix), following protocols complying with OECD Guideline Numbers

471 and 472 (OECD, 1983z and 1983b) and with the United Kingdom Department of Health
and Guidelines (DoH, 1989).

1.2 Results

In two separate experiments, the test substance did not induce any significant, reproducible

increases in the observed numbers of revertant colonies in any of the tester strains used, either

in the presence or absence of §9-mix.

The sensitivity of the test system, and the metabolic activity of the S9-mix, were clearly
demonstrated by the increases in the numbers of revertant colonies induced by positive control

substances.

1.3 Conclusion

Itis concluded that, under the conditions of this assay, glyphosate acid gave a negative, ie
non-mutagenic response in S. yphimurium strains TA1535, TA1537, TA98 and TA100 and
E.coli strains WP2ZP and WP2P uvrd in both the presence and absence of $9-mix.

CTL/P/4874 - 10
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2. INTRODUCTION

2.1 Purpose

The purpose of this study was to investigate whether the test substance induced gene mutation

in certain strains of the bacteria Salmonella typhimurium and Escherichia coli.

2.2  Regulatory guidelines

The study was conducted according to the following Regulatory Guidelines:

2)  OECD guideline reference 471 (1983) Genetic Toxicology: Salmonella typhimurium,
Reverse Mutation Assay.

b} OECD guideli‘ne reference 472 (1983) Genetic Toxicology: Escherichia coli, Reverse
Mutation Assay.

¢)  Annex V to Council Directive 67/548/EEC on the approximation of law, regulations and
administration provisions relating to the classification, packaging and labelling of
dangerous substances, published in the Seventeenth Adaptation, Commission Directive
92/69/EEC of 31st July 1992, OJ L383A 29.12.92 (Guidelines B13: Escherichia coli -

reverse mutation assay; and B14: Salmonella typhimurium - reverse mutation assay).

d)  US Environmental Protection Agency Pesticide Assessment Guidelines, Subdivision F,
Hazard Evaluation Human and Domestic Animals, Series 84, Mutagenicity, Addendum
9. Publication No. EPA-540/09-91-122 NTIS Report No. PB91-158394 Feb 1991 (as
specified in US Environmental Protection Agency Code of Federal Regulations 40CFR
Part 798 Health Effects Testing Guidelines, Subpart F - Genetic Toxicity).

2.3 Justification for test system selection

The bacterial mutation assay was used as it is a well-established assay, designed to detect
reversion to amino acid independence (fis” to his” for S.typhimurium, trp’ to trp* for E.coli
strains) induced by chemicals which cause base changes or frameshift mutations in the genome

of these organisms. The use of strains TA1535, TA1537, TA98, TA100, WP2P and

CTL/P/4874 - 11
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WP2P uvrd is in accordance with the current scientific recommendations for the conduct of

this assay.

24 Experimental dates

The experimental work was conducted between 28 November 1995 and 11 December 1995,

2._5 Data storage

An original report and all raw data pertaining to this study are retained in the Archives, Central
Toxicology Laboratory (CTL), Alderley Park, Macclesfield, Cheshire, UK.

3. TEST-AND CONTROL SUBSTANCES
3.1 Test substance
| Name: - Glyphosate acid
| Source: Zeneca Agrochemicals
Colour: A white
Physical state: solid
j Batch reference: P24
CTL test substance reference number: Y04707/034
Purity: (% w/w) 95.6
| Storage conditions: ambient temperature in the dark

From the information supplied by the Sponsor, the test substance was used within the stated
expiry date. In all cases where the concentration of test substance is quoted, the concentration

refers to the concentration of test substance not corrected for purity.

3.2 Control substances

The control substance and solvent for the test sample was dimethylsulphoxide (DMSO: CTL
test substance reference number Y00876/001). The positive control substances are detailed

below.

CTL/P/4874 - 12
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| Chemical Supplier CTL Ref Solvent
| Acridine Mutagen ICR191 Sigma Y03243/003 | DMSO
| 2-Aminoanthracene (2AA) Sigma Y01142/006 DMSO
| Daunomycin HCI (DR) ! Sigma Y01165/602 DMSO
N-Ethyl-N’-nitro-N- Sigma Y02125/001 DMSO
nitrosoguanidine (ENNG)
MitomycinC ~ (MMC) |  Sigma ¥02201/001 H,0
Sodium Az'ide (Naz) Sigma Y06019/001 H,0
4. EXPERIMENTAL PROCEDURE

4.1 Dosing preparations

An individual stock suspension of the test substance at a concentration of 50mg/m! (plate
assay) or 100mg/ml (pre-incubation assay) was prepared for each experiment in

dimethylsulphoxide and serial dilutions were carried out as required in each case.

The positive control substances were prepared as solutions in the solvent detailed in the table

above.

All test and positive control substance dosing preparations were prepared as close to the time
of culture treatment as possible and were dosed at a dosing volume of 100pUplate (apart from
in the Pre-Incubation experiment, where the volume was reduced to 20ul/plate where

possible).

CTL/P/4874 - 13
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4.2 Analysis of dosing preparations

In view of the short-term nature of the studies of this type, no analyses of stability,
homogeneity or achieved concentrations were carried out on the preparations of the test or

positive substances either prior to or after addition to the bacteria.

4.3 Experimental design

The principle of the assay was as described by Maron and Ames (1983) and the procedure
employed followed the Ames protocol modified in accordance with the recommendations of
the United Kingdom Environmental Mutagen Society sub-committee on guidelines for

mutagenicity testing (Gatehouse ef af, 1990).

The four Salmonella typhimurium tester strains (TA1535, TA1537, TA98 and TA100) and

- the two Escherichia Coli strains (WP2ZP [WP2 (pKM101)] and WP2P w4 [WP2 uvrd
(pKM101)] are fully described in Ames e o/ (1975) and references therein, and in Venitt. and
Crofton-Sleigh (1979).

Glyphosate acid was initially assayed using the standard plate incorporation protocol over a
dose range of 5000 to 100ug per plate, both in the presence and absence of S9-mix prepared
from phenobarbital/-naphthoflavone-induced Sprague-Dawley (SD) rats (see Section 4.5).
The test substance was subsequently re-tested in all six strains over the same dose range; the
+89-mix phase of this second assay was conducted using a Pre-Incubation protocol. The

incubation period for each experiment was 3 days (at 37°C).

For each experiment, positive control substances were tested to validate the bacterial strains

and to confirm the activity of the S9-mix ysed.

CTL/P/4874 - 14
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The experimental design for each strain was as follows:

a) glyphosate acid 6 concentrations per strain
as shown in Tables 1-3
3 plates per concentration

b) Solvent Control: DMSO (100pul) 5 plates

¢) Positive Controls

+89 1 2AA (all strains) 3 concentrations per strain
as shown in Tables 4-6

-89 : DR (TA98)
ICR 191 (TA1537) 2 plates per concentration
ENNG (WP2P wwrd)

i MMC ° (WP2P)

: NaZ (TA1535 and TA100)

4.4 Bacterial cultures

Stock cultures of each strain were prepared and maintained in liquid nitrogen as described by
Maron and Ames (1983). The routine source of inocula for overnight cultures was one set of
frozen stocks, used and discarded on an approximately weekly basis. The overnight culture
from each new frozen culture was screened for the deep-rough characters, DNA repair

deficiency and Ampicillin resistance as previously described (Maron and Ames (1983)) with

one modification:-

The presence of the 7B deletion (Salmonella) and the uvr4 mutation (E.coli) was confirmed
by testing the sensitivity of each culture to mitomycin C (10ut of a 10pug/mi solution) in the

same manner as sensitivity to crystal violet was tested. Damage to DNA caused by mitomycin
C is repaired in normal bacteria by the #vr excision repair pathway, and is thus toxic to strains

deficient at either the #vr4 or uvrB loci.

When fresh frozen stocks were prepared, the strains were tested for amino acid requirement
and for reversion properties using diagnostic mutagens as described by Ames et al (1975) and
Maron and Ames (1983), except that the mutagens were incorporated in the top agar layer as

in a standard experiment (see Section 4.6.1), rather than spot tested as described by Ames et

al

CTL/P/4874 - 15
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4.5 Metabolic activation system

This work was conducted with and without S9-mix incorporated in the top-agar. The S9-mix

was prepared as required (on each day of experimentation) as follows:

Volume per 30m! S9-mix
S9 fraction 3ml
Sucrose-Tris-EDTA. buffer (S9 buffer) 7ml
Cofactor solution 20ml

In tests without metabolic activation, the §9 fraction and cofactor solution were replaced by
an equivalent volume of S9 buffer. Both the $9-mix and the $9 buffer were kept on ice until

used.

S9 was prepared fro’m male Sprague Dawley rats, dosed once daily (by oral gavage) for 3 days
with a combined Phenobarbital (80mg/kg bodyweight) and B-Naphthoflavone (100mg/kg)
com oil solution. The treated animals were sacrificed on the day following the third dose. A
25% w/v homogenate (the S fraction) was prepared according to the method given in Maron
and Ames (1983), using sucrose-Tris-EDTA buffer (250:50:1.0 mM) rather than 0.15M KCi.

The cofactor solution was prepared according to Maron and Ames (1983) as a single stock
solution NaHP0,, KCl, glucose-6-phosphate, NADP (Na salt) and MgCl, (150:49.5:7.5:6:12
mM) in sterile deionised water, and adjusted to a final pH of 7.4.

4.6 Methodology

0.1ml aliguots of an overnight culture (10-12 hours) of each bacterial strain were dispensed by
micropipette into the required number of sterile plastic bijou bottles fitted with screw caps and

stored at room temperature until required (1-2 hours).

Top agar consisting of 0.6% w/v agar and 0.5 w/w sodium chloride in deionised water was

melted by brief autoclaving and stored at approximately 50°C until required.

Prior to testing the molten top agar was prepared by adding sterile 0.5mM histidine/0.5mM
biotin stock solution (10ml solution: 100ml agar) for Salmonella work, and by adding sterile

CTL/P/4874 ~ 16
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tryptophan solution (10ml 0.5mM stock:100ml agar) for £.coli work. Separate agars were
prepared for each bacterial species.

4.6.1 Plate incorporation protocol

0.5ml S9-mix (or S9 buffer) was then added by dispensing syringe to the number of bijou
bottles of one strain required for one concentration, followed by 0, 1ml of the appropriate
concentration of test substance preparation added by micropipette. Finally, 2.0ml top agar
was then added by syringe to each bijou: the force of addition was sufficient to mix the
contents. The resulting mixture was then poured rapidly onto the surface of a prepared Vogel
Bonner plate (9cm diameter vented Petri-dish prepared with 25m!t Vogel Bonner minimal
medium and containing 1.5% w/v agar and 2% w/v glucose) and allowed to gel. Plates were

then labelled before being incubated inverted at 37°C for 3 days in the dark.

Following the total incubation period the plates were examined for the lack of microbial .
contamination and evidence that the test was valid:  ie there was a background lawn on the
solvent control plates and on the plates for (at least) the lower concentrations of test
substance, and that the positive controls had responded as expected. All plates were counted
by an automatic colony counter (AMS 40-10) with the discrimination adjusted appropriately
to permit the optimal counting of mutant colonies. Obviously contaminated plates were

recorded as such without counting.

4.6.2 Pre-incubation protocol

The assay procedure was as for the plate-incorporation protocol described above, except that

a)  Where possible, each compound/solvent dose was added in 0.02m! volumes, with the

total volume made up to 0.1ml with phosphate buffered saline;

b)  Before adding the top agar, each compound/strain group of bijoux were placed on an

orbital shaker (at approximately 140rpm) for 60 minutes (at 37°C).

CTL/P/4874 - 17
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5. DATA EVALUATION

Test data from individual experiments are considered valid if:
a) the concurrent solvent control data are acceptable;
b) the positive control data show unequivocal positive responses;

Failure of one or more tester strain/S9 combinations does not invalidate the data for the

remainder of a concurrent experiment.

A positive response in a (valid) individual experiment is achieved when one or both of the

following criteria are met:

a)  astatistically éigniﬁcant dose-related increase in the mean number of revertant colonies

is obtained;

b) atwo-fold or greater increase in the mean number of revertant colonies (over that
observed for the concurrent solvent control plates) which is statistically significant, is

observed at one or more concentrations.
A negative result in a (valid) individual experiment is achieved when:

a)  There is no statistically significant dose-related increase in the mean number of revertant

colonies per plate observed for the test substance; and

b)  inthe absence of any such dose response, no increase in colony numbers is observed (at

any test concentration) which exceeds 2x the concurrent solvent control.

For a positive response in an individual experiment to be considered indicative of an
unequivocal positive, ie mutagenic, result for that strain/S9 combination, then the observed

effect(s) must be consistently reproducible.

All derived calculations (ie mean colony count/plate; standard deviation, etc) shown in the
results tables were carried out by computer. Counts from contaminated plates are not

included in these calculations.

CTL/P/4874 - 18
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An assessment of statistical significance was carried out using a one-tailed Student’s t-test
(Ehrenberg 1984). The corresponding probability for each dose level was derived by
computer using the appropriate degrees of freedom. Values of p<0.01 are treated as

significant, with values of 0.01 <p<0.05 being indicative of a possible effect.

6. RESULTS

The numbers of revertant colonies per plate observed in the four Salmonella typhimurium
tester strains (TA1535, TA1537, TA98 and TA100) and two Escherichia coli strains (WP2P
and WP2P uwrd), when exposed to glyphosate acid and the various positive and solvent
control substance are shown in Tables 1-6. All derived values in the results tables are

expressed to one decimal place. Values of 0.05+ have been rounded up to 0.1.

In two separate assays, the test substance did not induce any significant, reproducible increases
in the observed number of revertant colonies in any of the tester strains used, either in the

presence or absence of S$9-mix (Tables 1-3),

The positive controls for each experiment induced the expected responses (Tables 4-6),

indicating the strains were responding satisfactorily in each case.

7. CONCLUSIONS

It is concluded that, under the conditions of this assay, glyphosate acid gave a negative, ie
non-mutagenic response in S.fyphimurium strains TA1535, TA1537, TA98 and TA100 and
E.coli strains WP2P and WP2P uvrA in both the presence and absence of 8§9-mix.

CTL/P/4874 - 19
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TABLE 1 - TEST DATA FOR EXPERIMENTAL PHASE 1

COMPOUND Y04707/034 GLYPHOSATE
P24 TECHNICAL MATERIAL (EX P23) MILLED AT MICRON MILLS (100X <22 MICRONS)

STUDY YV3611 TEST 00 SPONSOR ~ ZENECA AGROCHEMICALS DATE TESTED 28/11/95
DATE COUNTED 01/12/95
COMMENTS BACKGROUND LAWN ABSENT/SPARSE ALL 5000ug, -59 2500ug DOSE PLATES.
STRAIN DOSE MEAN  STANDARD RATIO: STATS NO REVERTANTS/PLATE
LEVELS DEVIATION TEST/ SIGNIF. PLATE PLATE PLATE
(MICROGRAMS/PLATE} CONTROL 1 2 3
TA 1535 +52 5000 7.0 3.5 0.7 & 5 11
2500 8.7 2.5 0.9 g 6 11
1000 13.3 2.3 1.3 12 12 16
500 11.7 3.8 1.1 g 10 16
200 14.0 3.6 1.4 13 11 18
100 12.3 6.5 1.2 19 12 6
TA 1535 -59 5000 1.0 1.0 0.1 2 0 1
2500 4.7 2.9 0.5 3 3 8
1000 7.0 1.7 0.7 5 8 8
500 11.¢ 1.7 1.1 13 10 10
200 8.3 4.0 0.8 9 4 12
100 9.7 1.2 1.0 1 9 9
TA 1537 +59 5000 1.0 Lo 0.3 0 1 2
2500 3.0 2.6 0.9 2 1 6
1000 3.3 0.6 1.0 3 3 4
500 2.3 1.5 0.7 2 4 1
200 3.3 1.5 1.0 3 2 5
100 2.0 1.0 0.6 3 1 2
TA 1537 -59 5000 1.7 0.6 0.6 2 1 2
2500 1.7 1.2 0.6 3 1 1
1000 2.3 2.3 0.8 5 1 1
500 2.3 1.2 0.8 3 1 3
200 2.4 0.0 0.7 2 2 2
100 2.3 1.5 0.8 1 2 4
TA 28 - +59 5000 7.0 5.3 0.3 5 3 13
2500 20.3 6.7 0.9 13 26 22
1000 258.0 3.5 1.1 27 27 21
500 25.0 5.8 1.1 27 19 29
200 23.7 2,3 1.0 25 25 21
100 25.3 6.1 1.1 20 24 32
TA 28 -59 5000 2.7 2.5 0.1 5 0 3
2500 10.7 6.0 0.4 17 ] 10
1000 24,0 2.0 1.0 24 26 22
500 20.7 4.0 0.9 20 17 25
200 23.0 1.7 1.0 24 24 21
100 23.0 6.2 1.0 16 28 25

Key to Statistical Significance: * 0.01 <P <0.05, ** P <0.01"
One-sided t-Test assumes Test > Control
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TABLE 1 - TEST DATA FOR EXPERIMENTAL PHASE 1

COMPOUND Y04707/034 GLYPHOSATE
P24 TECHNICAL MATERIAL (EX P23) MILLED AT MICRON MILLS (100X <22 MICRONS)

STUDY YV3611  TEST 00 SPONSOR  ZENECA AGROCHEMICALS DATE TESTED 28/11/95
DATE COUNTED 01/12/95
STRAIN DOSE MEAN STANDARD RATIO: STATS  NO REVERTANTS/PLATE
LEVELS DEVIATION TEST/  SIGNIF. PLATE  PLATE  PLATE
(MICROGRAMS/PLATE) CONTROL 1 2 .3
TA 100 +S9 5000 61.7 13.7 0.6 3% 61 58
2500 720 3.6 0.9 73 68 75
1000 89.3  13.3 1.1 a7 91 74
500 9.7 1.5 12 95 83 9
200 80.3 8.5 1.0 g 72 89
100 790 9.0 1.0 79 8 70 .
TA 100 -S3 5000 1.7 2.1 0.0 400 1
2500 193 7.4 0.3 1 22 2%
1000 6.0 1.7 0.9 58 61 61
500 67.3 2.1 1.0 65 6 68 I
200 68.0 3.5 1.0 e 70 70
100 6.7 3.8 1.0 74 6 68
WP2P  +59 5000 23.7 3.5 0.5 24 20 27
2500 4.0 2.6 10 % a1
1000 437 4.0 1.6 8 40 43
500 5.0 5.2 12 o+ 60 51 51 :
200 1.0 7.0 11 44 58 51
100 250 6.6 170 3 51 38 I
W2P  -S9 5000 137 4.5 0.4 s 18 14
2500 2.3 1.2 0.7 %5 27 27
1000 3.7 4.6 1.0 34 42 34
500 2.7 38 0.9 33 36 29
200 39.3° 21 1.1 37 10 4
100 380 5.3 0.9 30 32 40
WP2P UVrA+S9 5000 134.0°  18.3 0.9 138 114 150 I
13 6.7 1.0 159 147 18
1000 139.7  26.4 0.9 122 127 170
500 162.0 ‘5.6 1.1 167 163 156
200 1623  14.6 11 147 164 176 . |
100 1560 11.8 1.0 153 160 137
WP2P uvrA-S9 5000 64.0 4.0 0.5 68 60 64
2500 1027 16.2 0.8 12 112 84
1000 13,7 17.0 0.9 97 13 131 il
500 124.3 215 1.0 103 124 146
200 mo 9.2 0.9 121 103 109
100 1273 10,6 1.0 16 137 129

Key to Statistical Significance: *: 0.01 <P <0.05, ** P <0.01
One-sided t-Test assumes Test > Control

by r. TEEN h“,'
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TABLE 2 - TEST DATA FOR EXPERIMENTAL PHASE 2 (+59)

COMPOUND Y04707/034 GLYPHOSATE

P24 TECHNICAL MATERIAL (EX P23) MILLED AT MICRON MILLS (100% <22 MICRONS}
STUDY YV3611 TEST 01 SPONSOR  ZENECA AGROCHEMICALS DATE TESTED 08/12/95
DATE COUNTED 11/12/95

COMMENTS BACKGROUND LAWN ABSENT/SPARSE ON 5000/2500ug DOSE PLATES.

STRAIN DOSE . MEAN  STANDARD RATIO: STATS NO REVERTANTS/PLATE
LEVELS DEVIATION TEST/  SIGNIF.  PLATE PLATE PLATE

(MICROGRAMS /PLATE) CONTROL 1 K 3

TA 1535 +59 5000 5.0 2.6 0.4 8 3 4
2500 a.0 1.7 0.7 9 6 9

1000 10.0 1.7 0.9 9 9 12

500 10.7 0.6 0.9 10 11 11

200 10.7 3.1 0.9 10 8 14

100 9.7 0.6 0.9 9 10 10

TA 1537 +S9 5000 2.3 0.6 0.6 3 2 2
2500 4.0 1.0 1.1 5 4 3

1000 3.3 0.6 0.9 3 3 4

500 4.7 0.6 1.2 5 5 4

200 4.7 1.6 1,2 3 6 &

100 5.0 1.0 1.3 4 6 )

TA 98  +59 5000 4.0 0.0 0.2 4 4 4
2500 i1.3 7.4 0.5 3 17 14

1000 19.3 2.9 0.8 21 21 16

500 22.3 2.9 0.9 24 19 24

200 22.7 2.1 0.9 21 25 22

100 18.7 2.1 0.8 18 17 21

TA 100  +39 5000 28.0 10.8 0.3 40 19 25
2500 §6.3 16.2 0.7 46 75 48

1000 85.3 3.2 1.0 89 84 83

500 82.0 6.2 1.0 87 75 84

200 81.0 7.5 1.0 74 80 89

100 87.7 2.5 1.1 88 20 g5

wezp +58 5000 23.7 10.6 0.5 22 14 35
2500 42.3 7.4 0.8 34 48 45

1000 51.7 2.5 1.0 49 54 52

500 54.7 5.1 1.0 59 49 56

200 52.7 8.1 1.0 62 49 47

100 56.0 2.0 1.1 b6 58 54

WP2P uvrA+59 5000 92.7 17.8 0.7 77 112 89
2500 134.3 18.8 1.0 156 124 123

1000 134.0 6.2 1.0 129 132 141

500 140.0 16.4 1.0 154 144 122

200 135.0 15.6 1.0 C 146 124

100 150.7 19.6 1.1 156 167 129

Key to Statistical Significance: *: 0.01 <P <0.05, **: P<0.01
One-sided t-Test assumes Test > Control
C = contaminated plate
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GLYPHOSATE ACID: AN EVALUATION OF MUTAGENIC POTENTIAL USING S.TYPHIMURIUM AND
E.COLf

TABLE 3 - TEST DATA FOR EXPERIMENTAL PHASE 2 (-S8)

COMPOUND Y04707/034 GLYPHOSATE

P24 TECHNICAL MATERIAL (EX P23) MILLED AT MICRON MILLS (100% <22 MICRONS)
STUDY YV36ll TEST 02 SPONSOR  ZENECA AGROCHEMICALS DATE TESTED 08/12/95
DATE COUNTED 11/12/95

COMMENTS BACKGROUND LAWN ABSENT/SPARSE ON 5000/2500ug DOSE PLATES. I
STRAIN DOSE MEAN STANDARD RATIO: STATS NO REVERTANTS/PLATE
LEVELS DEVIATION TEST/ SIGNIF. PLATE PLATE  PLATE
{MICROGRAMS/PLATE) CONTROL 1 2 3
TA 1535 -S9 5000 3.3 2.5 0.4 6 3 1 l
2500 7.7 3.8 0.8 5 12 6
1000 7.7 1.5 0.8 8 6 g
500 9.0 1.0 1.0 10 8 9 !
200 8.3 4.0 0.9 13 6 6 . '
100 10.3 3.2 1.1 14 9 8
TA 1537 -58 5000 0.7 1.2 0.2 0 2 0
2500 2.7 0.6 0.9 2 3 3 I
1000 3.0 1.0 1.0 3 2 4
500 3.3 1.5 1.1 3 2 5
200 3.3 1.2 1.1 2 4 4
100 3.7 1.5 1.2 4 2 5 I
TA 98  -S9 5000 5.7 5.5 0.3 2 3 12 |
2600 13.0 1.7 0.7 14 14 11
1000 20.0 5.3 1.1 16 18 26
500 23.0 2.6 1.3 +* 25 20 24
200 20.3 2.1 1.1 22 21 18
100 19.0 2.0 1.0 19 17 21
TA 100 -S9 5000 22.3 2.3 0.3 25 21 21
2500 63.3 5.0 0.8 58 64 68
1000 75.0 5.6 0.9 82 74 69
500 71.3 3.2 0.9 75 70 69
200 92.3 4.0 1.1 88 96 93
100 80.0 3.6 1.0 77 84 79
WP2P -89 5000 14.7 3.8 0.4 13 12 1%
2500 24.0 2.6 0.6 26 25 21
1009 38.3 2.3 1.0 41 37 37 .
500 42,3 4.0 1.1 = 43 38 46
200 40.0 3.6 1.1 36 41 43
100 34.0 1.0 0.9 33 35 34
WP2P uvrA-S9 5000 39.7 11.6 0.4 32 53 34
. 2500 88.7 7.5 0.9 81 89 26
1000 101.0 6.0 1.0 9% 107 101
500 94,7 1.5 1.0 95 96 93
200 97.0 15.1 1.0
100 99.0 9.5 1.0 104

Key to Statistical Significance: *. 0.01 £P <0.05, **: P <0.01
One-sided t-Test assumes Test > Control
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GLYPHOSATE ACID: AN EVALUATION OF MUTAGENIC POTENTIAL USING S.TYPHIMURIUM AND
E.COLI

TABLE 4 - EXPERIMENTAL PHASE 1: CONTROL DATA

FAAACONTROLS Hetk

STUDY YV3811 TEST 00 SPONSOR  ZENECA AGROCHEMICALS DATE TESTED 28/11/95
DATE COUNTED 01/12/95

POSITIVE CONTROLS: YV3726/87  NEGATIVE CONTROLS: YV3727/87

STRAIN DOSE MEAN  STANDARD RATIO: STATS NO REVERTANTS/PLATE
LEVELS DEVIATION TEST/  SIGNIF. PLATE PLATE PLATE PLATE PLATE
(MICROGRAMS/PLATE) CONTROL 1 2 3 4 5

TA 1535 +59 NEGATIVE CONTROLS

10.2 4.3
POSITIVE CONTROLS Y01142/006
2 - AMINGANTHRACENE

& 14 13 5 13

" 2-ANTHRAMINE EX SIGMA LOT 121H3475
10.
5.0
2.0 191.0 12.7 18.7 182 200
1.0 99.0 21.2 9.7 114 84
0.5 80.0 11.3 7.8 ** 88 72
0.2
TA 1535 -S9O NEGATIVE CONTROLS
10 8 6 11 14 12

.2 3.2
POSITIVE CONTROLS ¥06019/001
SODIUM AZIDE

MATERIAL EX SIGMA LOT NO.26F-0434 (100%)

20,

10,

5.0

2.0 752.6  111.0 73.8 ** 674 831
1.0 234.0 1.4 22.9 % 233 235
g 5 114,00 18.4 11,2 *= 127 101

TA 1537 < +59 (NEGATIVE CONTROLS

3.2 1.6
POSITIVE CONTROLS Y01142/006
2- AMINOANTHRACENE

Z- ANTHRAMINE EX SIGMA LOT 121H3475

20.
10.
5.0
2.0 70.0 0.0 21,9 =+ 70 70
1.0 36.0 8.5 11.3 »* 30 42
gg 20.5 2.1 6.4 ** 18 22

Key to Statistical Significance: *; 0.01 P <0.05, **: P <0.01
One-sided t-Test assumes Test > Control
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GLYPHOSATE ACID: AN EVALUATION OF MUTAGENIC POTENTIAL USING S.TYPHIMURIUM AND
ECoL

TABLE 4 - EXPERIMENTAL PHASE 1: CONTROL DATA

FFkhCONTROLSH*k

STUDY YV3611 TEST 00 SPONSOR  ZENECA AGROCHEMICALS DATE TESTED 28/11/98
DATE COUNTED-01/12/95

POSITIVE CONTROLS: YV3726/87  NEGATIVE CONTROLS: YV3727/87

STRAIN DOSE MEAN STANDARD RATIO: STATS NO REVERTANTS/PLATE
LEVELS DEVIATION TEST/ SIGNIF. PLATE PLATE ~PLATE PLATE PLATE
(MICROGRAMS/PLATE) CONTROL 1 2 3 4 5

TA 1537 -89 NEGATIVE CONTROLS
2.8 0.8 2 2 3 3 4

POSITIVE CONTROLS Y03243/003
ACRIDINE MUTAGEN ICR191

20 DITHYDROCHLORIDE EX SIGHA
10.

£.0

2.0 63.0 7.1 22.5  ** 68 58
1.0 27.0 9.9 9.6 #% - 34 20
gg 14.0 5.7 5.0 wE 10 18

TA 98  +59 NEGATIVE CONTROLS ‘ ‘
4.8 19 21 20 30 27

23.4
POSITIVE CONTROLS Y81142/006
2 AVINOANTHRACENE

2-ANTHRAMINE EX SIGMA LOT 121H3475

20.
10.
5.0
2.0
1.0 361.5 6.4 15.4  ** 357 366
4.5 287.0 2.8 12,3 ** 28 285
6.2 114.5 0.7 4.9 115 114

TA 88 ~-S9 NEGATIVE CONTROLS

23.8 5,2
POSITIVE CONTROLS Y01165/092
DAUNORUBICIN

*DAUNOMYCIN HYDROCHLORIDE, EX. SIGMA

24 16 29 a2 28

20.
- 10.
5.0
2.0
1.0 7345 101.1 30,9 ** 663 806
0.5 384.5 0.7 16.2 ** 385 384
0.2 160.5 14.8 6.7 W 10 171

Key to Statistical Significance: * 0.0I £P<0.05, ** P<0.01
One-sided t-Test assumes Test > Control
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GLYPHOSATE ACID: AN EVALUATION OF MUTAGENIC POTENTIAL USING S.TYPHIMURIUM AND

E.COLI

TABLE 4 - EXPERIMENTAL PHASE 1: CONTROL DATA

*hHECONTROLS >+
STUDY YV3611 TEST 0C SPONSOR  ZENECA AGROCHEMICALS

POSITIVE CONTROLS: YV3726/87  NEGATIVE CONTROLS: YV3727/87

STRAIN DOSE MEAN  STANDARD RATIO: STATS NO REVERTANTS/PLATE
LEVELS DEVIATION TEST/  SIGNIF. PLATE ~PLATE PLATE PLATE PLATE
(MICROGRAMS/PLATE) CONTROL 1 2 3 4 5

TA 100 +S9 NEGATIVE CONTROLS

80.0 5.5
POSITIVE CONTROLS Y01142/006
2 - AMINOANTHRACENE

74 81 75 83 87

20 2-ANTHRAMINE EX SIGMA LOT 121H3475

10.
5.0
2.0
1.0 1037.5 30.4 13,0 = 1059 1016
0.5 852.5 60.1 6.9 & 595 510
0.2 207.0 12.7 2.6 &% 216 198

TA 100 -59 NEGATIVE CONTROLS
69.8 4.3 77 68 68 66 70

POSITIVE CONTROLS ¥06015/001
SADIUM AZIDE

MATERIAL EX SIGMA LOT KG.Z26F-0434 (100%)

20.
10.
£.0
2.0 1165.5  40.3 16,7 = 1194 1137
1.0 727.0 ¢.0 10.4 > 727 727
0.5 245.5 4.9 3.5 & 249 242

0.2
wpzp +58  NEGATIVE CONTROLS

45.8 3.5
POSITIVE CONTROLS Y01142/006
2-AMINOANTHRACENE

2-ANTHRAMINE EX SIGMA LOT 121H3475
20. 163.0 12.7 3.6 A . 154 172
10. 127.5 10.6 2.8 M 13% 120
5.0 84.5 10.6 1.8 ** 77 22
2.0
1.0
0.5
0.2

Key to Statistical Significance: *: 0.01 £P <0.05, **. P<0.01
One-sided t-Test assumes Test > Control

DATE TESTED 28/11/95
DATE COUNTED 01/12/%5
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GLYPHOSATE ACID: AN EVALUATION OF MUTAGENIC POTENTIAL USING S.TYPHIMURIUM AND
ECOLT

TABLE 4 - EXPERIMENTAL PHASE 1: CONTROL DATA

FHIKCONTROLS**+%

STUDY YV3811 TEST 00 SPONSOR  ZENECA AGROCHEMICALS DATE TESTED 28/11/95
DATE COUNTED 01/12/95

POSITIVE CONTROLS: YV3726/87  NEGATIVE CONTROLS: YV3727/87

STRAIN DOSE MEAN  STANDARD RATIQ: STATS NO REVERTANTS/PLATE
LEVELS DEVIATION TEST/ SIGNIF. PLATE PLATE PLATE PLATE PLATE
(MICROGRAMS/PLATE) CONTROL 1 2 3 4 5

wp2p -59 NEGATIVE CONTROLg

36.4 7.1
. POSITIVE CONTROLS Y02201/001
MITOMYCIN

*MITOMYCIN-C (CRYSTALINE EX SIGMA} FROM STREPTOMYCES CAESPITOSUS

33 35 44 a7 43

20.
10.
5.0
2.0
1.0 182.5 3.5 5.0 #* 88 180
0.5 149.0 8.5 4.1 % 185 143
0.2 103.5 0.7 2.8 % 04 102

UPZP uvrA+59 NEGATIVE CONTROLS

154.0 8.2
POSITIVE CONTROLS Y01142/006
2- AMINCANTHRACENE

2- ANTHRAMINE EX SIGMA LOT 121H347%

160 163 146 156 145

20,
10.
5.0 2349.5 108.6 15.3 ** 2427 2272
2.0 1050.0 118.8 6.8 ** 1134 966
1.0 296.5 13.4 1.9 »* 306 287
0.5
0.2
WP2P uvrA-59 NEGATIVE CONTROLS
121.6 5.2 121 122 116 130 119

POSITIVE CONTROLS ¥02125/00],
1-ETHYL-3-NITRO- 1-NITROSOGUANIDINE

*N-ETHYL-N’ -NITRO-N-NITROSOGUANIDINE (MATERIAL EX SIGMA)

20,
10.
0
2.0
1.0 2737.0 315.4 22.5 ¥+ 2960 2514
0.5 2004.0  96.2 16.5 ** 1936 2072
0.2 405.0 9.9 3.3 ¥ 412 398

Key to Statistical Significance: *: 0.01 P <0.05,**: P <0.01
One-sided t-Test assumes Test > Control
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GLYPHOSATE ACID: AN EVALUATION OF MUTAGENIC POTENTIAL USING S.TYPHIMURIUM AND
EcCoLu

TABLE § - EXPERIMENTAL PHASE 2 (+59): CONTROL DATA

FhARCONTROLS*+++

STUDY YV3611 TEST 01 SPONSOR  ZENECA AGROCHEMICALS DATE TESTED 08/12/95
DATE COUNTED 11/12/95

POSITIVE CONTROLS: YV3726/94 NEGATIVE CONTROLS: YV3727/94 .

STRAIN DOSE MEAN  STANDARD RATIO: STATS NO REVERTANTS/PLATE
LEVELS DEVIATION TEST/  SIGNIF. PLATE ~FPLATE PLATE PLATE PLATE
{MICROGRAMS/PLATE) CONTROL 1 2 3 4 5

TA 1535 +53 NEGATIVE CONTROLS
0.9 11 12 10 12 12

i1.4
POSITIVE CONTROLS Y01142/006
2-AMINOANTHRACENE

20 2-ANTHRAMINE EX SIGMA LOT 121H347%
10.
5.0
2.0 143.0 2.8 12.5 = 145 141
1.0 92.5 4.9 8,1 #* 96 89
gg 36.0 12.7 3.2 ™ 45 27

TA 1837 +59 NEGATIVE CONTROLS

3.8 1.3
POSITIVE CONTROLS Y01142/006
2-AMINCANTHRACENE

2-ANTHRAMINE EX SIGMA LOT 121H3475

20.
10,
5.0
2.0 50,0 5.7 13,2 54 46
1.0 25.5 10.6 6.7 ** 33 18
gg 13.0 7.1 3.4 * 18 8

TA 98 +59 NEGATIVE CONTROLS

24.2 .
POSITIVE CONTROLS Y01142/006
2-AAINOANTHRACENE

2-ANTHRAMINE EX SIGMA LOT 121H3475

2l 21 16 27 36

20.
10.
5.0
2.0
1.0 422.0 108.9 17.4 345 499
t.5 219.5  27.6 9.1 ** 232 200
6.2 85.0 22.6 3.5 Ak 69 101

Key to Statistical Significance; *: .01 P <0.05, **; P <0.01
One-sided t-Test assumes Test > Control
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GLYPHOSATE ACID: AN EVALUATION OF MUTAGENIC POTENTIAL USING S.TYPHIMURIUM AND
EcCoLr

.

TABLE 5 - EXPERIMENTAL PHASE 2 (+59): CONTROL DATA

Yok CONTROLS**k

STUDY Yy3611 TEST 01 SPONSOR  ZENECA AGROCHEMICALS DATE TESTED 08/12/95
DATE COUNTED 11/12/95

POSITIVE CONTROLS: YV3726/94 NEGATIVE CONTROLS: YV3727/94

STRAIN DOSE MEAN  STANDARD RATIO: STATS NO REVERTANTS/PLATE
LEVELS DEVIATION TEST/ SIGNIF. PLATE PLATE “PLATE PLATE PLATE
(MICROGRAMS /PLATE) CONTROL 1 2 3 4 5

TA 100 +5% NEGATIVE CUNTROLS
6.6 75 93 80 84 83

POSITIVE CONTROLS Y01142/006
2 -AMINOANTHRACENE

_2-ANTHRAMINE EX SIGMA LOT 121H3475

10.

5.0

2.0

1.0 759.5 201.5 9.2 = go2 617

0.5 327.0 9.9 3.9k 320 334

0.2 163.0 - B6.5 2.0 ** 203 123

up2p +59 NEGATIVE CONTROLS
4.9 49 50 52 50 61
POSITIVE CONTROLS Y01142/006
2-AMINOANTHRACENE
2-ANTHRAMINE EX SIGMA LOT 121H3475

20. 143.5 3.5 2.7 141 146
10. 128.5 0.7 2.5 ** 129 128

5.0 104.0 18.4 2.0 ¥ 9t 117

2.0

1.0

0.5

0.2

WPZP uvrA+S9 NEGATIVE CONTR%%

.6 15,6
POSITIVE CONTROLS Y01142/006
2- AMINOANTHRACENE

2-ANTHRAMINE EX SIGMA LOT 121H3475

131 113 154 144 131

20.
10. .

5.0 2170.0  48.1 16.1 ** 2204 2136
2.0 1337.0  328.1 9.9 1569 1105
%.g 368.5  37.5 2.7 395 342
0.2

Key to Statistical Significance: *: 0.01 <P <0.05, **: P <0.01
One-sided t-Test assumes Test > Control
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GLYPHOSATE ACID: AN EVALUATION OF MUTAGENIC POTENTIAL USING S.TYPHIMURIUM AND
EcCoLI

TABLE 6 - EXPERIMENTAL PHASE 2 (-$9): CONTROL DATA

#AARCONTROLS ke

STUDY YV3611 TEST 02 SPONSOR  ZENECA AGROCHEMICALS DATE TESTED 08/12/95
DATE COUNTED 11/12/95

POSITIVE CONTROLS: YV3726/94  NEGATIVE CONTROLS: YV3727/94

STRAIN DOSE MEAN  STANDARD RATIO: STATS NO REVERTANTS/PLATE
LEVELS DEVIATION TEST/ SIGNIF. PLATE PLATE PLATE PLATE PLATE
(MICROGRAMS/PLATE) CONTROL 1 2 3 4 5

TA 1535 -59 NEGATIVE CONTROLS

9.2 3.1
POSITIVE CONTROLS Y06019/001
SOBIUM AZIDE

MATERIAL EX SIGMA LOT NO.26F-0434 (100%)

11 13 10 6 6

20.
10.
5.0
2.0 786.0 283 85,4 ** 766 806
1.0 275.0 5.7 25.9  A* 2719 271
¢.5 148.5 4.9 6.1 ** 152 145
0.2
TA 1537 -S9 NEGATIVE CONTROLS
3.0 1. 5 2 2 3 3
POSITIVE CONTROLS Y03243/003
ACRIDINE MUTAGEN ICR191
20 DIIHYDROCHLORIDE EX SIGMA
10.
5.0
2.0 €3.5 2.1 21.2  ** 62 65
1.0 33.0 11.3 11.0  ** 25 41
gg 10.5 7.8 3.5 + 5 16

TA 98 =59 NEGATIVE CONTROLS

18.2 2.6
POSITIVE CONTROLS Y01165/002
DAUNORUBICIN

*DAUNOMYCIN HYDROCHLORIDE. EX. SIGMA

17 21 16 a1 16

20.
10.
5.0
2.0
1.0 927.0 25,5 50.9 &+ 945 909
0.5 258.0 11.3 14,2 266 250
0.2 69.0 7.1 3.8 74 64

Key to Statistical Significance: *: 0.01 <P <005, **: P <0.01
One-sided t-Test assumes Test > Control
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GLYPHOSATE ACID: AN EVALUATION OF MUTAGENIC POTENTIAL USING S.TYPHIMURIUM AND
E.COLI

TABLE 6 - EXPERIMENTAL PHASE 2 (-S9): CONTROL DATA

N

FekhCONTROL Shdedok

STUDY Y¥361l TEST 02 SPONSOR  ZENECA AGROCHEMICALS DATE TESTED 08/12/95
DATE COUNTED 11/12/95

POSITIVE CONTROLS: YV3726/94  NEGATIVE CONTROLS: YV3727/94 :
STRAIN DOSE MEAN  STANDARD RATIO: STATS NO REVERTANTS/PLATE

LEVELS DEVIATION TEST/ SIGNIF. PLATE PLATE PLATE PLATE PLATE
(MICROGRAMS/PLATE) CONTROL 1 2 3 4 5

TA 100 -59 NEGATIVE CONTRO;? 8

. 10.1
POSITIVE CONTROLS Y06019/001
SODIUM AZIDE

MATERIAL EX SIGMA LOT NO.26F-0434 (100%)

64 88 84 85 88

10.
5.0
2.0 11%0.0 108.9 14,1, % 1227 1073
1.0 418.5  30.4 5.1 ** 4y 397
0.5 232.0 2.8 2.8 230 234
0.2
yp2p -S9 NEGATIVE CONTROLS |
37.4 2.9 40 33 37 37 40 ‘
POSITIVE CONTROLS Y02201/001
MITOMYCIN )
20 *MITOMYCIN-C {CRYSTALINE EX SIGMA) FROM STREPTOMYCES CAESPITOSUS I
10.
5.0
2.0
1.0 180.5 3.5 4.8 A 178 183
0.5 40,5 17.7 3.8 = 153 128
0.2 28,0 11.3 2.4 A 80 96

WP2P uvrA-53 NEGATIVE CONTRO!ég 8

. 10.
POSITIVE CONTROLS ¥02125/001
1-ETHYL-3-NITRO- 1-NITROSOGUANIDINE

*N-ETHYL-N' -NITRO-N-NITROSOGUANIDINE (MATERTAL EX SIGMA)

97 9% 117 92 93

20.
10.
5.0
2.0
1.0 1460.5 159.1 14.8 #* 1573 1348
0.5 377.5  33.2 3.8 ** 401 354
0.2 210.0 11..3 2.1 ** 218 202

Key to Statistical Significance: *: 0.01 P <0.05, **; P <0.01
One-sided t-Test assumes Test > Control
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