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Fig. 1. Procedure for the Ames Salmonella mutagenicity assay.
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Table 1. MR levels defined for estimating detection limit.

MR level Range of MR; ;
1.0 0.95 = MR;; < 1.05
1.1 1.05 = MR; < 1.15
1.2 115 = MR;; < 125
1.3 1.25 = MR;; < 1.35
1.4 135 = MR;; < 145
1.5 145 = MR; < 1.55
1.6 1.55 = MR;; < 1.65
1.7 1.65 = MR;; < 1.75
1.8 1.75 = MR;; < 1.85
1.9 1.85 = MR;; < 195
2.0 1.95 = MR;; < 2.05
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Table 2. Reproducibility of the Ames assay results by the student A and a reference.

Student Mean Variance Number of recurrence
[rev. - plate” 1] [rev. - plate~ 1] [plate]

Student A?) 127 117 45

Hamada et al® 141 128 50

a) The present study
b) Hamada et al., 1994

600

Sample A

500t Sample B
Sample C

o> 0O

Sample D
4001

3001

2001

Response [rev. - plate 1]

1001

0 0.05 0.10

Equivalent dose [L- sample water - plate” 1]

Fig. 3. Examples of dose-response line.

Table 3. Fitness of the Ames assay results for the normal distribution.

Mean revertant 72 Number of
colonies recurrence
[rev. - plate” 1] [plate]

127 3.59 45

347 4.56 47

591 3.59 47

Contingency number is 5 and y,,2 is 5.99.
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Table 4. Number of data set toward the MR level (experimenter: A, negative control
set: duplicate plates).

Positive Negative Total Positive ratio MR level

3 365 368 0.8 1.0
63 330 393 16 1.1
180 261 441 40.8 1.2
283 164 447 63.3 1.3
295 55 350 84 1.4
229 28 257 89 1.5
298 16 314 95 1.6
368 6 374 98 1.7
318 2 320 99 1.8
208 1 209 100 1.9

1

259 260 100 2.0
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Fig. 4. Behavior of the number of data set toward the MR level (experimenter: A,
negative control test: duplicate plates).
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Fig. 5. Determination of detection limit by positive ratio (experimenter: A, negative
control test: duplicate plates).
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Table 5. Number of data set toward the MR level (experimenter: A, negative control
set: quadruple plates).

Positive Negative Total Positive ratio MR level

2 346 348 0.6 1.00
80 298 378 21 1.10
315 110 425 74.1 1.20
389 29 418 93 1.30
351 1 352 100 1.40
248 0 248 100 1.50
327 0 327 100 1.60
397 0 397 100 1.70
345 0 345 100 1.80
237 0 237 100 1.90
288 0 288 100 2.00
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Fig. 6. Behavior of the number of data set toward Fig. 7. Determination of detection limit
the MR level (experimenter: A, negative by positive ratio (experimenter: A,
control test: quadruple plates). negative control test: quadruple

plates).

Table 6. Number of data set toward the MR level (experimenter: B, negative control
set: quadruple plates).

Positive Negative Total Positive ratio MR level
0 145 145 0 1.0
36 133 169 21 1.1
96 58 154 62 1.2
153 18 171 89 1.3
167 2 169 99 1.4
120 0 120 100 1.5
136 0 136 100 1.6
128 0 128 100 1.7

133 0 133 100 1.8
120 0 120 100 1.9
143 0 143 100 2.0
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Fig. 8. Behavior of the number of data set to- Fig. 9. Determination of detection limit by
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A Procedure for Statistical Evaluation of Ames Salmonella

Mutagenicity Assay Results Based on Two Sample t-test

Hirokazu Takanashi

Department of Bioengineering, Kagoshima University

The detection limit for the Ames Salmonella mutagenicity assay, which is very widely
used all over the world to evaluate the genetoxicity of environmental samples, was deter-
mined in the present study. Salmonella typhimurium TA100 strain was used and exoge-
nous activation S9 was not used in the study, because these test conditions are sensitive to
detection of mutagen in chlorinated water samples. To determine the detection limit, 100
accumulated results from the assay conducted by two experimenters A and B were taken
as examples. The total number of base-agar plates used in the assay was up to 10,702.
The distribution function was considered to be a normal distribution by the chi-squared
test, so that the two sample t-test was employed to determine it. The mean and variance
of the negative control test conducted by using 45 base-agar plates (45 recurrences) were
127 rev. plate™! and 117 rev. plate !, respectively. The detection limit was determined at
1.7 as the MR value (the number of revertant colonies in the sample test divided by those
in the negative control test) at a level of significance of 0.05 when duplicate plates were
used in the negative control test. However, it decreased to 1.4 as MR level when quadruple
plates were used in the negative control test. Therefore, it was found that the sensitivity
of the Ames Salmonella mutagenicity assay was improved very easily by increasing the
number of plates in the negative control test from two to four. The application of the
conventional two-fold rule to the data obtained with the strain TA100 was considered too
conservative. It was proved by comparing the data of the two students that the detection
limit determined in the present study was acceptable to well trained students. However,
the accurate detection limit should be determined for each experimenter.

Key words: Two sample t-test, mutagenicity, Ames Salmonella assay, TA100 strain, environmental
sample.



