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Tab le 2 Mean numbe rs (± SE) of leuk ocytes, other WBCs , RBCs, and plat elets before and a fter pesticide spra ying for each group

Grou
p

Leukocytes

� 106/ml)

Neutrophils

( l06/ml)

Lymphocytes

( l06/ml)

Monocytes

( l06/ml)

Eosinophils

( l06/ml)

Basophils

( lO”/ml)

RBCs

( lO’/ml I

Platelets

( I O”/ml)

I (n 8)

SO 6.22 ± 1.17 3.69 ± 1.07 1.75 ± 0.35 0.54 ± 0.20 0.20 ± 0.12 0.03 ± 0.02 5.12 ± 0.19 237.6 � 48.7

SI 6.10 ± 1.01 3.47 ± 1.13 1.85 ± 0.37 0.53 ± 0.13 0.21 ± 0.10 0.03 ± 0.02 5.05 ± 0.28 231.9 ± 48.6

2(n - II)

SO 6.29 ± 1.61 3.70 ± 1.25 1.78 ± 0.52 0.55 ± 0.13 0.21 ± 0.09 0.04 ± 0.03 5.17 t 0.28 262.8 � 49.3

SI 5.77 ± 1.31” 3.19 ± O.86a 1.76 ± 0.41 0.52 ± 0.15 0.23 ± 0.10 0.05 ± 0.04 5.20 ± 0.28 260.2 ± 48.9

3 (n - 14)

SO 6.14 ± 1.40 3.46 ± 0.97 1.89 ± 0.59 0.51 ± 0.15 0.23 ± 0.16 0.03 ± 0.03 5.16 ± 0.28 237.4 ± 48.9

SI 5.79 ± l.42� 3.05 ± 0.84’ 1.99 ± 0.59 0.48 ± 0.15 0.23 ± 0.13 0.04 ± 0.04 5.06 ± 0.24 231.0 � 46.5’

4 (n 7)

SO 7.29 ± 1.71 4.01 ± 1.50 2.31 ± 0.50 0.60 ± 0.17 0.33 ± 0.11 0.03 ± 0.02 5.01 ± 0.38 254.2 ± 34.2

SI 6.94 ± 1.64 3.71 ± 0.96 2.28 ± 0.69 0.57 ± 0.17 0.34 ± 0.13 0.03 ± 0.02 5.02 ± 0.37 253.6 ± 39.8

Pooled (n = 40)

SO 6.42 ± 1.50 3.68 ± 1.15 1.91 ± 0.53 0.54 ± 0.16 0.24 ± 0.13 0.03 ± 0.02 5.13 ± 0.28 247.9 ± 46.3

SI 6.06 ± 1.39” 3.30 ± 0.93” 1.95 ± 0.54 0.52 ± 0.15 0.25 ± 0.12’ 0.04 ± 0.03 5.09 ± 0.28 243.8 ± 46.7

(� P < 0.01; Student’s t test on differences between SO and Sl.

S p < 0.10: Student’s t test on differences between SO and SI.

‘ P < 0.05; Student’s t test on differences between SO and 51.

d p < 0.001 � Student’s t test on differences between SO and SI.

HDCs, farmers 2 and 10 presented significantly more DNA
damage at Sl, and farmer 6 presented significantly less.

A statistically significant increase in DNA damage, eva!-

uated by modification of distributions of tail moment, was
noticed at S 1 . No statistical difference was observed between

SO and 51 after exclusion of HDCs.

Results from group 2 are presented in Table 3. Differences
in mean tail moment after exclusion of HDC were statistically
significant for seven farmers (farmers 12, 18, and 27 with more

DNA damage at 51, and farmers 14, 16, 20, and 24 with less
DNA damage at S 1). Difference of DNA damage distributions

between SO and S 1 revealed that five farmers presented more
DNA damage at 51 (farmers 1 1, 12, 18, 19, and 27) and the

other six presented less DNA damage (farmers 14, 16, 20, 21,
22, and 24). On comparison of DNA damage distributions after
exclusion of HDCs, eight farmers presented statistically signif-

icant modifications (farmers 12, 18, and 27 with more DNA
damage at Sb and farmers 14, 16, 20, 21, and 24 with less

damage at 51).
In group 2 as a whole, DNA damage on all cells or after

exclusion of HDCs was significantly lower at 51 than at SO.
This decrease became nonsignificant when farmers 19 and 20

(who had sprayed pesticides the day before SO) were excluded.
Results from the group 3 are presented in Table 3. Dif-

ferences in mean tail moment were statistically significant, with
more DNA damage at 51 for farmer 30 and less for farmer 36.

Difference of DNA damage distributions between SO and 51
revealed that seven farmers presented more DNA damage at S 1
(farmers 26, 29, 30, 35, 38, 39, and 40) and seven presented less
DNA damage (farmers 15, 25, 31, 32, 33, 36, and 37). On

comparison of DNA damage distributions after exclusion of
HDCs, 12 farmers presented modifications that were statisti-
cally significant (farmers 26, 29, 30, 35, 38, and 40 with more
DNA damage at S 1 , and farmers 15, 25, 33, 36, 37, and 39 with

less damage at S 1).
When HDCs were included, no significant modifications

of DNA damage was detected in the group 3 as a whole. After
exclusion of these cells, a slight but significant decrease of

DNA damage was detected at 51.
Results from group 4 are presented in Table 3. Differences

in mean tail moment were significant for farmer 41 with less

DNA damage at S 1 and at the borderline of statistical signifi-

cance for two farmers (farmers 52 and 55 with more DNA
damage at 51). Difference of DNA damage distributions be-

tween SO and S 1 revealed that five farmers presented more

DNA damage at Sb (farmers 28, 43, 51, 52, and 55), and farmer

41 presented less DNA damage. On comparison of DNA dam-

age distributions after exclusion of HDCs, three farmers pre-

sented statistically significant modifications (farmer 52 with

more DNA damage at 51 and farmers 28 and 41 with less

damage at 51).

Analysis of results in the group 4 as a whole revealed that

a significant increase of DNA damage occurred at S 1 . This

increase was mainly due to HDCs.

If statistical analysis had been performed with a Student’s

t test instead of a Wilcoxon test, some significant variations

between SO and Sl would have been found for four farmers.
Changes in DNA damage levels for farmers 3 and 10 from

group 1 , for farmer 14 from group 2, and for farmer 23 from

group 4 would be erroneously classified as significant due to

the great influence of the frequency of HDCs on the mean

value.

Statistical analysis performed on DNA damage niodifica-

tions, evaluated after exclusion of HDC, with the Student’s t

test or with the Wilcoxon test gave the same results. However,

analysis with Wilcoxon test gave smaller Ps.

Farmers 18 and 19 from group 2 provided blood samples

at SO and S I , but also 14 days before SO (S - 14) for farmer 19

and 7 days before SO (S -7) and the day after S 1 (52) for farmer
18. DNA damage level at these different sampling times are

presented in table 4. Farmer 18 sprayed herbicide on lucern the

day before S -7 and sprayed no pesticide between S -7 and SO.
DNA damage level obtained at SO was significantly lower than

at 5-7. This farmer sprayed herbicides (isoproturon) on wheat

for 2 days running (days 0 and 1 ). For this farmer, an accumu-

lation of DNA damage occurred with more damaged cells and

HDCs at S 1 than at SO and more HDCs at S2 than at 51.

Although a statistical comparison between S 1 and 52 revealed

that this excess was nonsignificant, DNA damage level at S2

was significantly higher than that at SO and similar to that

observed at S -7. Farmer 19 did not spray any pesticides before
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Table 3 DNA damage before and after pesticide spraying (group I: mixture of pesticides)

Volunteer

no.

Image analysis

damage Score/IOO cells
Mean tail moment

(H�s excludedY

Modification of DNA damage

level between SO and 51b

Modification of DNA damage

level between SO and 51

(HDCs excluded)’

,,(0.0001)

��2� (0.0001)

-s (0.51)

\,, (0.01)

‘_s (0.0001)

\,e (0.0007)

\� (0.006)

1’ (0.05)

1’ (0.01)

7 (<0.0001)

7 (<0.0001)

“5 (0.0002)

\� (<0.0001)

,A (<0.0001)

7 (<0.0001)

\ (<0.0001)

\ (<0.0001)

%_s (0.004)

\� (<0.0001)

7 (0.0001)

\ (0.04)

‘_s, (0.0001)

\ (<0.0001)

/ (<0.0001)

-�(0.06)

7 (0.002)

-s(O.59)

7 (0.04)

-s(O.I3)

\,, (0.02)

-5(0.17)

7 (0.03)

7 (0.05)

-5(0.27)

7 (0.001)

\.� (0.0001)

‘�s (0.001)

7 (0.0004)

-5(0.72)

\� (0.0001)

\,, (<0.01)

-s(O.12)

\., (0.0001)

7 (0.0001)

\ (0.006)

“5 (0.0001)

\.� (0.0001)

,2� (0.0001)
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Group I : mixture of pesticides”

SO

SI
2

SO

SI

SO

SI
4

SO

SI

SO

SI

6
SO

SI

9

SO

SI
10

SO
SI

Pooled (without volunteer 4)

SO

SI

Group 2: herbicides on wheat’

SO

SI

12

SO

SI

14

SO

SI

16

SO
SI

18

SO
Sl

19

SO
SI

20

SO

SI

21

SO

SI

22

SO

SI
24

SO

SI
27

SO

SI

Pooled

SO
SI

Group 3: fungicides on wheat’

15

SO

SI

25

SO
SI

26

SO
SI

56 84

72 162

22 44

64 152

44 78

36 82

72 128

52 106

40 64

26 34

66 100

76 126

54 92

48 96

54 110

68 118

48 82

56 110

19 31 (l,Ol8�
17 26 (834)

20 29 (638)

21 33 (1,126)

36 54(812)

28 53 (818)

28 60(421)

18 32(809)

28 40(1,038)

59 120 (802)

35 57(1,049)
28 45 (832)

51 88 (1,080)

22 39 (815)

23 35 (853)

21 35 (843)

14 22(1,391)

17 24 (1,220)

52 96 (807)

29 47 (820)

29 46(1,002)

48 89 (1,426)

30 49(10,109)

28 50(10,345)

30 48 (420)

20 30 (812)

57 105 (834)

35 60(811)

45 72 (832)

23 35 (816)

2.13

6.37 (0.009)

1.31

4.68 (0.02)

2.67

3.76 (0.49)

5.35

5.20 (0.93)

3.50

1.65 (0.17)

5.73

3.47 (0.22)

3.82

1.96 (0.12)

3.30

5.52 (0.19)

3.21

3.92 (0.39)

0.77

0.73 (0.89)

0.67

1.91 (0.02)

I .89

0.58 (0.02)

I .39
0.37 (0.03)

1.7

5.28 (0.005)

0.84
1.46(0.23)

5.88

1 .6 1 (0.0002)

3.55

1.90(0.20)

I .22

1 .57 (0.48)

6.63

0.72 (<0.0001)

I .65
5.60(0.0007)

2.30

I .93 (0.18)

1.64

I .42 (0.78)

4.70

2.68 (0.07)

I .03

2.00(0.17)
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Volunteer

no.
Modification of DNA damage

Mean tail moment Modification of DNA damage
% damage Score/IOO cells (H��s excluded)” level between SO and 51” level between SO and SI

(HDCs excluded)’

2.78 /‘ (<0.0001) 7 (0.0001)

2.60 (0.88)

3.64 7 (<0.0001) / (0.0001)

6.49 (0.03)

4.84 N (<0.0001) -s(0.69)

3.53 (0.37)

3.13 ‘�s (<0.0001) -s(0.70)

2.13 (0.22)

4.14 _�s (0.03) \ (0.0001)

4.1 1 (0.98)

4.77 7 (<0.0001) 7 (0.0001)

7.42 (0.10)

5.58 \,, (<0.0001) \ (0.0001)

0.86 (0.0005)

5.56 \,, (<0.0001) \ (0.0001)

3.63 (0.14)

3.46 7 (<0.0001) 7 (0.0001)

5.31 (0.18)

3.44 7 (<0.0001) \ (0.0001)

5.30 (0.19)

1.32 /‘ (<0.0001) 7 (0.0001)

2.14 (0.27)

3.64 -s(O.21) \ (0.03)

3.58 (0.86)

1.34

2.38 (0.15)

4.47

4.26 (0.88)

2.85

0.89 (0.02)

2.44

3.96(0.19)

2.41

3.63 (0.20)

1.16

2.49 (0.05)

2.11

4.55 (0.08)

2.39

3.16 (0.05)

-5 (0.27)

�1’ (0.0001)

“I (0.0001)

7 (0.0001)

7 (0.0001)

7 (0.0001)

7 (0.0001)

7 (0.0001)

-5(0.65)

\ (0.01)

\,, (0.0001)

-5(0.09)

-s (0. 18)

/ (0.0001)

-4 (0.57)

N, (0.04)
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29

SO 25

SI 35

30

SO 39

SI 62

31

SO 47

51 36

32

SO 38

SI 24

33

SO 48

SI 54

35

SO 55

SI 68

36

SO 55

51 16

37

SO 51

SI 20

38

SO 45

51 35

39

SO 29

SI 31

40

SO 26

51 20

Pooled

SO 43

51 35

Group 4: fungicides and insecticides on peas’

23

SO 25

Sl 26

28

SO 31

51 42

41

SO 39

SI 23

43

SO 40

51 65

51

SO 43

Sl 45

52

SO 26

SI 33

55

SO 46

51 40

Pooled

SO 36

Sl 39

“ Student’s t test between SO and S 1 (Ps).
b Wilcoxon test on difference between SO and SI (Ps).

‘ Wilcoxon test between SO and 51 (Ps).
d Image analysis was performed on 50 cells.

‘ Image analysis was performed on 100 cells.

1Number of counted cells.

Table 3 Continued

51 (848)

87 (826)

72 (809)

123 (845)

84 (868)

70 (811)

68 (808)

40 (6 11)

88 (1,026)

101 (923)

97 (825)

122 (631)

106(606)

26 (880)

98 (998)

32 (611)

76 (810)

59(611)

50 (867)

54 (609)

41 (817)

33 (824)

76(11,368)

63 (10,621)

41 (846)

45 (1,021)

51 (622)

72 (414)

67 (840)

38 (627)

72 (812)

125 (806)

71 (838)

75 (1,072)

37 (626)

52 (829)

71 (868)

68 (875)

60 (5,452)

68 (5,644)

Image analysis
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Table 4 DNA damage for farmers 18 and 19

Visu al analysis Image analysis

Volunteer

no damage
Score/100 cells

(no. of cells)

Mean tail moment

(HDCs excludedY�

Modification of DNA damage

level between SO and 51”

Modification of DNA damage

level between SO and SI
(HDC5 excluded)”

I 8”

S-7 40 73(801) 4.15

so 28 40 (1038) 2.55 (0.44) \ (0.01) N (0.05)

SI 59 1 19 (802) 5.2 (0.24) 1’ (0.0005) 7 (0.01)

52 36 63 (1445) 2.17 (0.12) 7 (0.03) -s(O.IO)

19’

S-14 15 19(200) 1.75

so 35 57 (1049) 0.39 (0.21) \ (0.0001) -s(O.l5)

SI 28 45 (832) 0.43 (0.92) 7 (0.0002) -s(O.lO)

“ Student’s I test between SO and S I (Ps).
I, Wilcoxon test on difference between SO and S 1 (Ps).

. Wilcoxon test between SO and SI (Ps).

‘I Spraying herbicide on lucem on day - 8; no pestsicides sprayed between S - 7 and SO; same herbicide (group 2) betwecn S I and 52 as between SO and �1.

( No pesticides sprayed before S - 14: spraying herbicides (group 2) on day - 1, the same as between SO and 51.

U)

SI

I

25

2O�

Area sprayed between SO and Si (In acres)

a

a

Fig. 2. Correlation between DNA damage variations between S I and SO, evaluated by image analysis. and area sprayed with chlorothalonil and insecticides between SO

and S I . The correlation was significant (P 0.01).

S - 14 and sprayed isoproturon the day before SO and at SO.
DNA damage levels at 5- 14, SO, and 51 were very similar.

Relationships between pesticide exposure related param-
eters and modifications of DNA damage levels were investi-
gated and are reported in Figs. 2 and 3. For groups 1 and 4 (n

15), which were similar in term of pesticides used (mainly
chborothalonil with insecticides for 12 farmers), a significant
trend (P - 0.0 1 ) was observed between area sprayed or number
of spraying tanks and DNA damage level increase, measured by
image analysis. This trend became more significant (P < 0.01)

when smokers were excluded (n 5) from these two groups.

Results obtained by visual analysis of DNA damage were
similar. Increase in DNA damage, measured by image analysis
(after exclusion of HDCs), was also correlated (P = 0.04) with
the two quantitative exposure parameters mentioned above in

groups 1 and 4.
A positive but nonsignificant (P = 0.09) trend was ob-

served between area sprayed and DNA damage level increase in
nonsmoking farmers from group 3 (n = 9). As with the results

from image analysis, a positive but nonsignificant (P = 0.08)
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Fig. 3. Correlation between DNA damage variations between SI and SO, evaluated by image analysis after exclusion of HDCs. and area sprayed with chlorothalonil and

insecticides between SO and S I . The correlation was significant (P < 0.05).
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U)
V

C

81

�

trend was observed between area sprayed and DNA damage

level increase measured by visual analysis.
No significant correlation was observed between quanti-

tative pesticide exposure parameters and DNA damage varia-

tions in farmers from group 2.

Discussion

Here, enrollment of farmers was based on the use of one
pesticide selected among the 18 most frequently used in our

geographic area. Groups of volunteers who were exposed to
mixtures of pesticides, isoproturon, triazoles, or chlorothalonil
(Table 1) were enrolled in a prospective study in which a
volunteer was his own control.

Instead of a study in which a comparison would be made
between exposed and nonexposed farmers, we have conducted

a longitudinal study in which each farmer was his own control.
This approach removed problems generated by the choice of

unexposed controls and their similarity to exposed populations
for any other epidemiobogical parameters than exposure (smok-

ing, diet, other exposure to genotoxic agents, and so on). A
longitudinal study on the same individuals is, thus, a more
powerful mean to observe modifications than a comparison
between two different populations (19). To deal with technical
variations, blood samples SO and Sb from the same subject
were processed in the same assay. Furthermore, two different

assays were performed by two different investigators for each
pair of samples. Statistical analysis was performed on paired

samples from the pooled data of the different assays.

Pesticides used by groups 1 and 4 of farmers were similar.

Five farmers from group 1 and all farmers from group 4 used

chborothalonil. In these two groups, no significant modification

of hematobogical parameters and of cell viability measured on

lymphocytes was observed. However, a significant increase of

DNA damage level was observed in these groups separately,

and this increase became more significant when data from the

two groups were pooled. The magnitude of DNA damage
modifications was correlated with area sprayed between SO and

Sb (reflecting exposure during spraying) and with the number
of spraying tanks (reflecting exposure during mixing). But the

correlation observed was nonlinear, and the number of farmers
who presented an increase DNA damage level was quite small.

Hematobogical parameters and cell viability measured on

lymphocytes for farmers enrolled in groups 2 and 3 were

significantly modified. A significant decrease in the number of

pobynuclear neutrophils was observed in these two groups, as

well as a significant decrease in the number of red blood cells

in group 3. Some volunteers in these two groups presented

significant modifications of DNA damage level, but no corre-

lation was found between these modifications and exposure

parameters.

Results we obtained with alkaline comet assay on mono-

nuclear leukocytes showed three major kinds of shape for

nuclei: spherical nuclei (undamaged or with presence of cross-
linking agents), classical comets (with a tail in which length and

intensity were correlated with the number of DNA strand

breaks), and HDCs. Very few DNA remains in the head of the
comet for these batter cells, and the comet tail looks like a

spheroid (so-called hedgehog). Until now, few studies have

been focused on the meaning of HDCs. Olive et a!. (30) showed

that this presence was correlated to apoptosis revealed by more
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4 Vigreux et al., submitted for publication.

conventional methods. Hartmann and Speit (31) recently estab-
lished that presence of comets with no heads was related to

cytotoxicity. To further discriminate cytotoxicity and genotox-

icity, results in this paper and statistical analysis took into

account the presence of HDCs in parametric and nonparametric

tests used. Both kind of tests gave similar results when modi-
fications of DNA damage level was analyzed after exclusion of

HDCs. However, results on parametric tests on all cells were

often conflicting with those obtained by nonparametric method

because of the high influence of variations in the frequency of

HDCs on mean tail moment value.

Chlorothabonil was selected because it is sprayed at the

end of the spraying season and has been used on all pea areas
(80,000 acres/year) for the past 10 years, and it was widely used

on wheat areas during the period 1970-1980. Chlorothabonil is

classified as potential carcinogen by the European Community.
It has been evaluated by the IARC (13) and classified as group

3 (i.e., insufficient available data to evaluate carcinogenicity to

humans). Chborothalonil is a highly cytotoxic fungicide that is
a thiob reactant. Some in vitro studies demonstrated a genotoxic

activity that was difficult to firmly distinguish from cytotoxic

activity. Very few in vivo studies focused on cytogenetic mod-
ifications (chromosomal aberration, sister chromatid exchange,

and micronucleus) have shown a genotoxic effect of exposure
to chborothabonil. Our previous study (27) revealed that in vitro

treatment of human lymphocytes with chlorothalonil conducted
to a significant increase in DNA damage level (slightly and

damaged cells) measured by the comet assay with no effect on

cell viability measured immediately after treatment. At higher

concentrations, increase in HDCs was correlated with immedi-

ate loss of cell viability. Every dose of chborothalonil tested that
increased significantly DNA damage level immediately after

treatment also induced a significant boss of cell viability 24 h

after treatment. Results obtained on farmers from groups 1 and

4 exposed to chlorothalonil associated with various insecticides
contrast with these in vitro data. They did not reveal any

cytotoxic effect measured on hematobogical parameters or on

lymphocyte viability. On the other hand, significant increase in
DNA damage level was observed, mainly due to an increase in

HDCs.
Isoproturon was selected because it is a widespread her-

bicide that has been used on all wheat areas (- 120,000 acres/
year in Calvados) for the past 20 years and because it is the first

pesticide sprayed in a spraying season and has a longer period
without any pesticide use. It is a systemic herbicide that inhibits

photosynthetic electron transport through binding to a very

lipophilic chloroplastic protein. This binding conducts mainly
to photodestruction of pigments. The label of this herbicide is

reads “possible risks of irreversible effects.” Very few studies

are available on genotoxic activity of isoproturon, and results

are conflicting. One in vivo study in mice on bone marrow

chromosome aberration and micronuclei frequency revealed a
significant increase of percentage of aberrant cells for doses
ranging from 100 to 200 mg/kg, given in three doses. Forty

mg/kg isoproturon given daily over 5 days did not induce any
significant increase of aberrant cells. A positive effect was

observed on micronucleus test but only with the highest dose

(32). Another study on micronucleus test (33) gave negative
results for mice treated at higher doses than those of Behera and

colleagues. Results obtained in our laboratory on in vitro assays

revealed that isoproturon was not cytotoxic for lymphocytes

and for CHO cells for doses up to 1 mr�i. No increase of DNA
damage measured by the comet assay was observed on lym-

phocytes and CHO cells treated for 1 h without exogenous

metabolic system (59),4 A study on acute toxicity of isoprotu-
ron on rats following dermal exposure to 250, 500, or 1000
mg/kg/day over 21 days with technical isoproturon resulted in

a significant decrease in RBC and neutrophil counts and in an
increase of lymphocytes count at all doses tested, but no dose-

related effect was observed, except a decrease for RBCs (34).
The lack of cytotoxic and clastogenic activities of isoproturon

in vitro, together with some evidence of cytotoxic and geno-

toxic effects of this herbicide in vivo, suggest a role of some
metabolites. Genotoxic activity of metabolites of isoproturon is
not documented. Significant biological activities of phenylurea
metabolites (anilines) were only demonstrated for chlorinated

compounds in the series, such as diuron, chlortholuron, and
monuron (35,36). Among farmers from group 2, four presented

significant modifications of DNA damage level. Two of them
had less DNA damage after pesticide spraying. One was a

smoker, and the second used herbicide chlortholuron the day
before SO. Two farmers had an increase in DNA damage and
had used a commercial formulation of isoproturon that was not

used by other volunteers of this group.
Tria.zole fungicides were selected because they are

sprayed in the middle of the spraying season and have been

used on all wheat areas two to three times a year (100,000-
200,000 acres/year) for the past 20 years. All farmers enrolled

in group 3 have sprayed epoxyconazole or cyproconazole with
or without other fungicides, and six farmers have sprayed with

herbicides. To our knowledge, no data have been published on
genotoxic activity of these two triazole fungicides. No partic-

ular relationship have been observed between pesticide used
and DNA damage modifications or hematobogicab parameters

among farmers in group 3. A study on genotoxic activity
measured by the alkaline comet assay on mononuclear leuko-

cytes treated in vitro with epoxyconazole or cyproconazole is in
progress in our laboratory.

From in vitro studies, it appears that the comet assay is at
beast as sensitive as other tests in detecting DNA damages
(37,38). Like conventional cytogenetic methods, this assay pro-
vides informations at the single cell level, but it is not limited

to proliferating cells. The alkaline comet assay could detect
various DNA damage, including DNA double strand breaks,

preexisting DNA single strand breaks and also alkali-labile sites
(abasic sites), DNA adduct in their potency to disturb transcrip-
tion, and DNA repair and replication forks that can be con-
verted into DNA single-strand breaks after alkali treatment at a

pH of >12.3.
The comet assay has been used as a biomarker of exposure

to genotoxic agents in several occupational studies. In a study

on sewage workers involving 35 exposed people and 30 con-

trols, Friis et a!. (21) did not reveal any significant change of
DNA damage in mononuclear leukocytes. The comet assay, as
well as micronucleus test, mutagenic activity of urine, and sister

chromatid exchange tests, was applied on 19 exposed and 20
controls working in rubber industry (23). A slight but nonsig-
nificant increase of DNA damage was detected by the comet
assay in the WBCs of exposed people. A significant increase in
the number of micronuclei was also detected among these
people. To study effect of butadiene exposure, Tales et a!. (24)

applied the comet assay, as well as chromosomal aberration,

micronucleus, and hypoxanthine phosphoribosyltransferase

tests among people who were occupationally exposed to buta-
diene including, 19 exposed and 19 controls. No increase in
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DNA damage was detected, but an elevated number of chro-

mosomal aberrations and micronuclei were observed among

exposed people. A longitudinal pilot study on 21 nonsmoking

women conducted in northern Bohemia to assess the effects of

air pollution on various biomarkers (including comet assay in
lymphocytes) showed correlation between DNA damage level
and exposure to inhaled particles. Moreover, DNA damage

level was higher among people with GSTMJ-null genotype
(22).

This kind of study, including ours, gives the opportunity to

investigate the biological significance of results obtained by the
alkaline comet assay in human population. DNA damage de-
tected could be due to cytotoxic and/or genotoxic effects. Ex-

posure to known genotoxic compounds could induce DNA
damage not only directly but also through other mechanisms,
such as oxidative stress or inflammatory processes. For exam-

ple, Betti et a!. (1 8) have shown that comet assay was more

sensitive than sister chromatid exchanges to DNA damage

induced by smoking, although no dose-response relationships
could be established using the comet assay. Most occupational

studies failed to report any relationships between results ob-

tamed with comet assay and more conventional biomarkers of

exposure to genotoxic agents (23,24). Physical activities
yielded to DNA damage detected by the comet assay but not by

the micronucleus test. These DNA damages were prevented by
vitamin E supplementation (39).

This study on DNA damage assessment in mononuclear
leukocytes of farmers is one part of a larger biomonitoring

study in which various other biomarkers of exposure are used:
mutagenic activity in urine extracts (Ames test), DNA adducts

on leukocytes, and chromosomal aberrations and sister chro-
matid exchanges in lymphocytes. Results obtained with those

biomarkers will be compared with those obtained with the

comet assay. Another group of 30 farmers for whom blood

samples were collected at various times (three to five blood
samples) during the 1997 spraying season will also be explored.

Nineteen of these 30 farmers provided blood samples after a
1-day spraying period with isoproturon, and blood samples
were also collected for five after a second day of isoproturon

use.
The formation of HDCs may be biological significant in

several ways. In our study, the frequency of HDC was corre-
lated with cytotoxicity in the group of farmers exposed to

isoproturon and other herbicides. In contrast, this was not the
case for the significant increase of HDCs observed after expo-

sure to chlorothalonil and insecticides.
Although results in each group concerned limited numbers

of farmers (10 to 15), some conclusions can be drawn. A 1-day
spraying with triazole fungicides would not induce a significant

modification of DNA damage. The possible consequence of a
1-day spraying with a particular commercial formulation of
isoproturon as detected in this study only in two farmers will be

further explored in the new group enrolled in 1997. A 1-day
spraying of chborothalonil and insecticides seems to be suffi-

cient to significantly modify DNA damage level in lympho-
cytes, this modification being correlated with quantitative pa-
rameters of pesticide exposure.

The use of biomarkers in the longitudinal approach devel-
oped in this study could be useful in determining whether

farming activities are associated to exposure to genotoxic
agents. Obtaining biological data on farmers occupationally
exposed to a limited number of pesticides could be a helpful

means of detecting those that might represent a genotoxic
hazard. Because the occupational exposure to pesticides is very

complex, exploring the risk (if any) associated with a particular

pesticide is difficult and may explain the problems encountered

by epidemiobogical studies in this field.

References

I . Blair, A., and Zahm, S. H. Agricultural exposures and cancer. Environ. Health

Perspect., 103: 205-208, 1995.

2. Morrison, H. I., Wilkins, K., Semenciw, R., Mao, Y., and Wigle, D. Herbicides

and cancer: a review. J. Natl. Cancer Inst. (Bethesda), 84: 1866-1874, 1992.

3. Weisenburger, D. D. Human health effects of agrichemical use. Hum. Pathol.,

24: 571-576, 1993.

4. Maroni, M., and Fait, A. Health effects in man from long-term exposure to

pesticides. A review of the 1975-1991 literature. Toxicology. 78: 1-180, 1993.

5. Titenko-HolIand, N., Windham, G., Kolachana, P., Reinisch, F., Parvatham,

S., Osorio, A. M., and Smith, M. T. Genotoxicity of malathion in human

lymphocytes assessed using the micronucleus assay in vitro and in vii’o: a study
of malathion-exposed workers. Mutat. Res., 388: 85-95, 1997.

6. Laurent, C., Jadot, P., and Chabut, C. Unexpected decrease in cytogenetic

biomarkers frequencies observed after increased exposure to organophosphorus

pesticides in a production plant. Int. Arch. Occup. Environ. Health, 68: 399-404,

1996.

7. Scarpato, R., Migliore, L., Hirvonen, A., Falck, G., and Norppa, H. Cytoge-

netic monitoring of occupational exposure to pesticides: characterization of

GSTMJ, GS17’l, and NAT2 genotypes. Environ. Mol. Mutagen., 27: 263-269,

1996.

8. Carbonell, E., Valbuena, A., Xamena, N., Creus, A., and Marcos, R. Tempo-
rary variations in chromosomal aberrations in a group of agricultural workers

exposed to pesticides. Mutat. Res., 344: 127-134, 1995.

9. Steenland, K., Carrano, A., Clapp. D., Ratcliffe, J., Ashworth. L., and Mein-
hardt, T. Cytogenetic studies in humans after short-term exposure to ethylene

dibromide. J. Occup. Med., 27: 729-732, 1985.

10. Linnainmaa, K. Sister chromatid exchanges among workers occupationally

exposed to phenoxy acid herbicides 2,4-D and MCPA. Teratog. Carcinog. Mu-

tagen., 3: 269-279, 1983.

1 1. Yoder, J., Watson, M., and Benson, W. W. Lymphocyte chromosome anal-

ysis of agricultural workers during extensive occupational exposure to pesticides.

Mutat. Res., 21: 335-340, 1973.

12. Lebailly, P., Vigreux, C., Lechevrel, C., Ledemeney. D., Godard, T., Sichel,

F., LeTala#{235}r, J. Y., Henry-Amar, M., and Gauduchon, P. DNA damage in

mononuclear leukocytes of farmers measured using the alkaline comet assay:

discussion of critical parameters and evaluation of seasonal variations in relation

with pesticide exposure. Cancer Epidemiol. Biomark. Prey., 7: 917-927, 1998.

13. WHO. Evaluation ofthe Carcinogenic Risk ofChemicals to Humans. IARC
Monograph on Evaluation of Carcinogenic Effects on Human, IARC Scientific

Pub. No. 30. Lyon, France: IARC, 1983.

14. Fairbaim, D. W., Olive, P. L., and O’Neill, K. L. The comet assay: a

comprehensive review. Mutat. Res., 339: 37-59, 1995.

15. McKelvey-Martin. V. J., Green, M. H. L., Schmezer, P., Pool-Zobel, B. L.,
Dc Meo, M. P., and Collins, A. The single cell gel electrophoresis assay (comet

assay): a European review. Mutat. Res., 288: 47-63, 1993.

16. Hellman, B., Vaghef, H., Friis, L., and Edling. C. Alkaline single cell gel

electrophoresis of DNA fragments in biomonitoring for genotoxicity: an intro-

ductory study on healthy human volunteers. Int. Arch. Occup. Environ. Health,

69: 185-192, 1997.

17. Collins, A. R., Dusinska, M., Gedik, C. M., and Stetina, R. Oxidative damage

to DNA: do we have a reliable biomarker? Environ. Health Perspect.. 104:

465-469, 1996.

18. Betti, C., Davini, T., Giannessi, L., Loprieno. N., and Barale, R. Comparative

studies by comet test and SCE analysis in human lymphocytes from 200 healthy

subjects. Mutat. Res., 343: 201-207, 1995.

19. Holz, 0., Jorres, R., Kastner, A., Krause, T., and Magnussen, H. Reproduc-

ibility of basal and induced DNA single-strand breaks detected by the single-cell

gel electrophoresis assay in human peripheral mononuclear leukocytes. Int. Arch.

Occup. Environ. Health, 67: 305-310, 1995.

20. Hartmann, A., Plappert, U., Raddatz, K., GrUnert-Fuchs, M., and Speit. G.

Does physical activity induce DNA damage? Mutagenesis. 9: 269-272, 1994.

21. Friis, L., Vaghef, H., Edling, C., and HeIlman, B. No increased DNA damage

in peripheral lymphocytes of sewage workers as evaluated by alkaline single cell

gel electrophoresis. Occup. Environ. Med., 54: 494-498, 1997.

22. Binkova, B., Lewtas, J., Miskova, I., Rossner, P., Cema, M., Mrackova, G.,

Peterkova, K., Mumford, J., Meyer, S., and Sram, R. Biomarker studies in

northem Bohemia. Environ. Health Perspect.. 104: 591-597, 1996.

23. Moretti, M., Villarini, M., Scassellativsforzolini, G., Monarca, S., Libraro,

M., Fatigoni, C., Donato, F., Leonardis, C., and Perego. L. Biological monitoring

on November 21, 2018. © 1998 American Association for Cancer Research. cebp.aacrjournals.org Downloaded from 

http://cebp.aacrjournals.org/


940 Effects of Specific Pesticides on DNA Damage In Farmers

of genotoxic hazard in workers of the rubber industry. Environ. Health Perspect..

104: 543-545, 1996.

24. Tates, A. D., Vandam, F. J., Dezwart, F. A., Darroudi, F., Natarajan, A. T.,

Rossner, P., Peterkova, K., Peltonen, K., Demopoulos, N. A., Stephanou, G.,

Vlachodimitropoulos, D., and Sram, R. J. Biological effect monitoring in indus-

trial workers from the Czech Republic exposed to low levels of butadiene.

Toxicology. 113: 91-99, 1996.

25. Ribas, G., Frenzilli, G., Barale, R., and Marcos, R. Herbicide-induced DNA

damage in human lymphocytes evaluated by the single-cell gel electrophoresis
(SCGE) assay. Mutat. Res.. 344: 41-54, 1995.

26. Pool-Zobel, B. L., Guigas, C., Klein, R., Neudecker, C., Renner, H. W., and

Schmezer, P. Assessment of genotoxic effects by lindane. Food. Chem. Toxicol.,

3/: 271-283, 1993.

27. Lebailly. P., Vigreux, C., Godard, T., Sichel, F., Bar, E., Le Tal#{228}er,J. Y.,

Henry-Amar, M., and Gauduchon, P. Assessment of DNA damage induced in

vitro by etoposide and two fungicides (carbendazim and chlorothalonil) in human
lymphocytes with the comet assay. Mutat. Res., 375: 205-217, 1997.

28. Scassellati-sforzolini, G., Pasquini, R., Moretti, M., Villarini, M., Fatigoni,

C., Dolara, P., Monarca, S., Cademi, G., Kuchenmeister, F., Schmezer, P. and
Pool-Zobel. B. L. In s’iso studies on genotoxicity of pure and commercial linuron.

Mutat. Res., 390: 207-221, 1997.

29. Carrano, A. V., and Natarajan. A. T. International Commission for Protection

against Environmental Mutagens and Carcinogens: ICPEMC PubI. No. 14. Con-

siderations for population monitoring using cytogenetic techniques. Mutat. Res.,

204: 379-406, 1988.

30. Olive, P. L., Fraser, G., and Banath, J. P. Radiation-induced apoptosis

measured in TK6 human B lymphoblast cells using the comet assay. Radiat. Res.,

136: 130-136, 1993.

31 . Hartmann, A., and Speit, G. The contribution of cytotoxicity to DNA-effects

in the single cell gel test (comet assay). Toxicol. Lett.. 90: 183-188, 1997.

32. Behera, B. C., and Bhunya, S. P. Genotoxic effect of isoproturon (herbicide)

as revealed by three mammalian in vivo mutagenic bioassays. Indian J. Exp. Biol.,

28: 862-867, 1990.

33. Gebel, T., Kevekordes, S., Pay, K., Edenharder, R., and Dunkelberg, H. In

vivo genotoxicity of selected herbicides in the mouse bone-marrow micronucleus

test. Arch. Toxicol., 71: 193-197, 1997.

34. Dikshith, T. S. S., Raizada, R. B., and Srivastava, M. K. Dermal toxicity to

rats of isoproturon technical and formulation. Vet. Hum. Toxicol., 32: 432-434,

1990.

35. Corthay, J., Medilanski, P., and Benakis, A. Induction of hepatic microsomal
enzymes by diuron, phenobenzuron. and metabolites in rats. Ecotoxicol. Environ.

Safety, 1: 197-202, 1977.

36. Wang, S. W., Chu, C.. Hsu, J., and Wang, C. J. Haemotoxic effect of

phenylurea herbicides in rats: role of haemoglobin-adduct formation in splenic

toxicity. Food Chem. Toxicol., 3!: 285-295, 1993.

37. Leroy, T., Vanhummelen, P., Anard, D., Castelain, P., Kirschvolders, M.,

Lauwerys, R., and Lison, D. Evaluation of three methods for the detection of

DNA single-strand breaks in human lymphocytes: alkaline elution, nick transla-

lion, and single-cell gel electrophoresis. J. Toxicol. Environ. Health, 47: 409-

422, 1996.

38. Slamenova, D., Gabelova, A., Ruzekova, L., Chalupa, I., Horvathova, E.,

Farkasova, T., Bozsakyova, E., and Stetina, R. Detection of MNNG-induced

DNA lesions in mammalian cells: validation of comet assay against DNA un-

winding technique, alkaline elution of DNA and chromosomal aberrations. Mutat.

Res., 383: 243-252, 1997.

39. Hartmann, A., Niess, A. M., GrUnert-Fuchs, M., Poch, B., and Speit, G.
Vitamin E prevents exercise-induced DNA damage. Mutat. Res., 346: 195-202,

1995.

on November 21, 2018. © 1998 American Association for Cancer Research. cebp.aacrjournals.org Downloaded from 

http://cebp.aacrjournals.org/


1998;7:929-940. Cancer Epidemiol Biomarkers Prev 
  
P Lebailly, C Vigreux, C Lechevrel, et al. 
  
pesticides.
levels after a one-day field spraying period with selected
using the alkaline comet assay: modifications of DNA damage 
DNA damage in mononuclear leukocytes of farmers measured

  
Updated version

  
 http://cebp.aacrjournals.org/content/7/10/929

Access the most recent version of this article at:

  
  

  
  

  
  

  
E-mail alerts  related to this article or journal.Sign up to receive free email-alerts

  
Subscriptions

Reprints and 

  
.pubs@aacr.orgDepartment at

To order reprints of this article or to subscribe to the journal, contact the AACR Publications

  
Permissions

  
Rightslink site. 
Click on "Request Permissions" which will take you to the Copyright Clearance Center's (CCC)

.http://cebp.aacrjournals.org/content/7/10/929
To request permission to re-use all or part of this article, use this link

on November 21, 2018. © 1998 American Association for Cancer Research. cebp.aacrjournals.org Downloaded from 

http://cebp.aacrjournals.org/content/7/10/929
http://cebp.aacrjournals.org/cgi/alerts
mailto:pubs@aacr.org
http://cebp.aacrjournals.org/content/7/10/929
http://cebp.aacrjournals.org/



