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NANNI0 , RICCI M, LUGARESI C, AMADORI D, FALCINIF, BUIATII E. Iterative use of a priori
exposure matrices to improve the characterization of chemical exposures in agricultural work studies.
Scand J Work Environ Health 1993;19:191-9. To assess pesticide exposures of agricultural work­
ers, a priori exposure matrices based on "circumstantial determinants" of pesticide use were incorpo­
rated into the questionnaire of a case-referent study. Circumstantial determinants (crops cultivated,
their surface areas and crop infestations) were recalled more frequently than specific chemicals. After
the matrices were applied, the proportion of missing values fell from 44 to 9% for specific chemicals,
from 97 to 17% for the dose for each treatment, and from 80 to 16% for number of treatments per
year in a random sample of 40 questionnaires. The number of workers changed from 19 to 30 for
parathion use, from 4 to 10 for mancozeb use, and from 4 to 12 for DDT (dichlorodiphenyltrichlo­
roethane) use when the matrix was applied.The matrix enabled exposure levels to be assigned in each
case. Provided that the matrix used is valid, this approach could increase the efficiency of case-refer­
ent studies on agricultural exposure to chemicals.
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The definition of exposure to pesticides and of its
cumulative dose and per iod of use among agri cul ­
tural workers is complicated by the frequent chang­
es of jobs, the variability in type of crops and in crop
infestations, the changes in the available pesticides
over time, and the subsequent high number and var­
iability of the chemicals used.

As nondifferential misclassification of exposure
tends to obscure true etiologic associations, the use
of valid instruments for the attribution of cumulative
exposure among agricultural workers is crucial in
epidemiologic studies. The simplest method for clas­
sifying workers by exposure is represented by an
analy sis based on job titles, some of which are iden­
tified as "exposed" per se (1-3). The definition of
exposure through this method is expected to produce
a high level of miscla ssification, especially for a job
in agriculture, as the use of chemicals is related to
the type of crop cultivated and to the crop dise ase

I Istituto Oncologico Romagnolo (Oncological Institute
of Romagna), Romagna, Italy.

2 Osservatorio Fitopatologico delle Piante (Phytopathol­
ogy Institute), Cesena, Italy.

3 Divisione di Oncologia Medica (Medical Oncology
Unit), Forli, Italy.

4 Unita' di Epidemiologia, Centro per 10 Studio e la Pre­
venzione Oncologica (Epidemiology Unit, Center for
Study and Prevention of Cancer), Firenze, Italy.

Reprint requests to: Dr D Amadori, Divisione di Oncolo­
gia Medica - Ospedale Pierantoni, via Forlanini I I,
1-47100 Forli, Italia.

more than to the job, which is usually broad and de­
fined generi cally .

A second method of defining exposure is repre­
sented by the attribution of suspected chemicals fre­
quently used in a specific job to job titles. In this case
a priori job-exposure matrices are used to convert the
job classification into exposures to chemicals or other
agents (4) . An a priori matri x is developed when, out
of a list of all jobs in a work category and a list of
chem ical s possibly used, "a priori" exposures are as­
signed to each job on the basis of available infor­
mation , and, for each chemical or other agent, the
exposed jobs are identified. This procedure permits
the job titles to be "transcoded" to specific risk fac­
tors. The use of a priori matrices is expected to at­
tribute exposure more efficiently than the use of job
titles per se, but it is limited by the difficulties in
quantifying cumulative exposures, by the exclusion
of unsuspected potential risk factors, and by the un­
derestimation of changes in the job profile over time
and among different countries.

These limitations are particularly marked in stud ­
ies of agriculture, for which job titles are nonspeci fic
and chemical exp osures vary as much within as be­
tween job categories. A more precise approach is rep­
resented by the use of "a posteriori" job-expo sure
matrices (Siemiatycki method) (5-8). In this case
a questionnaire is developed by a group of experts
asking information about jobs, specific industries and
production, type of materials and mach ines used, pro­
tective equipment, and the like. A team of hygien­
ists then uses the information from a variety of
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sources to attribute the exposure to the responding
subjects individually and also to specify the questions
with greater accuracy. With this method special em­
phasis is given to the information gathered from the
interviewed subject, and this information is interpret­
ed in terms of exposure on the basis of available data
from independent sources. When a posteriori job-ex­
posure matrices are applied, the result strongly de­
pends on the quantity and quality of the information
used to define the exposure levels obtained through
the questionnaires. As mentioned before, in the case
of agricultural work, the questionnaire can refer to
job titles alone or can add information on type of cul­
tivated crops by period (9), extension of the culti­
vated area (10), and protective equipment or other
preventive measures used (9). When all of these var­
iables are included in the same questionnaire, the
level of complexity and completeness of the infor­
mation gathered is higher and therefore allows a
more precise application of the a posteriori job-ex­
posure matrices. Nevertheless much guesswork is
involved in attributing exposure status to the subjects.
Questions about time-specific crop diseases and in­
festations are usually lacking in the questionnaires
on occupational history in agriculture; this informa­
tion could possibly represent the best link between
the type of crop cultivated and the use of specific
chemicals.

This paper presents the results of exposure assess­
ment for agricultural work within a case-referent
study which is now in progress in Forli, Italy, and
which has the objective of evaluating the association
of pesticide exposure with neoplasms of the hemo­
lymphopoietic system and soft-tissue sarcomas.

To overcome the limited applicability of job-ex­
posure matrices to chemical exposures of agricultural
workers and to improve the workers' recall capabil­
ity, we developed an approach by merging features
of both a priori and a posteriori job-exposure matri­
ces and adding indirect, but easily recallable circum­
stantial evidence of chemical exposure. Exposure was
assessed by what we call a priori crop-infestation
pesticide-exposure matrices that focus on the link
between circumstantial determinants such as culti­
vated crops, time-specific crop diseases, and infes­
tations and on the quantification of exposure through
the determination of the frequency and intensity of
chemical use. The matrices were incorporated into
the questionnaire to improve recall and were after­
wards used again a posteriori to correct the incon­
sistent answers of the completed questionnaires and
to help fill in the "blanks."

Subjects and methods

A structured questionnaire and 10 crop-infestation
pesticide-exposure matrices were incorporated into
a population-based case-referent study now in
progress at the Medical Oncology Unit and Onco­
logical Institute of Romagna, Italy. In this study the
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cases were subjects with a hemolymphopoietic neo­
plasm or soft-tissue sarcoma, and the referents were
sampled from the general population. In the popu­
lation under study a prevalence of agricultural work­
ers of approximately 30% was expected.

Questionnaire structure
The cases and referents were interviewed with the
use of a questionnaire on agriculture and health with
sections on demographic data, dietary and smoking
habits, medical history, and occupational history. The
section on occupational history was based on struc­
tured questions about the lifelong history of all oc­
cupations and, for each, all types of jobs done by the
subject (11). The answers were then coded with a
four-digit code. For those subjects who reported
having worked in agriculture, a specific section of
the questionnaire was applied, aimed at the identifi­
cation of exposure to pesticides and at the reconstruc­
tion of cumulative exposure .

Ten specific forms, according to type of crop, were
developed. Through these forms, questions on the
possible crop diseases or infestations were presented,
and a specific list of chemicals was applied each time
the subject answered positively about one of the crop
diseases. For each identified pesticide, and when the
use of pesticides was reported but no specific chem­
icals were identified, the subjects were asked about
the usual dose for each treatment and about the
number of treatments per year . Each question could
be answeredwith "yes," "no," or "I do not remember."

The list of pesticides was chosen on the basis of
both the frequency of use in the area under study and
the data available about chronic toxicity in humans.
As an example, the form referring to strawberry cul­
tivation is presented in appendix 1.

Development and use of the matrices
The matrices were developed by one member (Cl.)
of our team, an expert in phytopathology. A matrix
was prepared for each crop mentioned in the ques­
tionnaire.

In each matrix one pesticide corresponded to every
line and one of the following variables corresponded
to each column : kilograms of commercial product
used in weight per quintal of water, grams of chem­
ical used per surface unit per treatment, number of
treatments per year, period of use. The matrices were
developed with the use of information from publi­
cations of the National Institute of Statistics report­
ing amounts of pesticides sold in the area, from cat­
alogues of pesticide producers, from the directory of
widely used pesticides in agriculture, and from oth­
er local documents (12-14). Experts were request­
ed to define the pesticides used for each disease or
infestation, the average amount used per treatment,
and the average number of treatments per year . The
matrix referring to strawberry cultivation is reported
in appendix 2 as an example .



The subjects were interviewed personally, but the
recorded information was often incomplete. In such
cases the constructed matrices were applied again to
the questionnaires to help complete the lacking in­
formation (responses of "I do not remember").

Finally, the matrices were used for correcting some
of the answers collected during the interview when
they were inconsistent with the matrix itself. The
possible inconsistency referred to the date of intro­
duction and subsequent withdrawal of the products.
An example of the application of a matrix is given
in appendix 3. Information on other variables, such
as protection devices, height of the plants, and equip­
ment used for treatment, was collected via the ques­
tionnaire and will be used for adjusting the quanti­
tative exposure estimates from the questionnaires af­
ter the application of the matrices.

We considered 140 completed questionnaires
(cases and referents working in agriculture) indi­
cating a direct use of pesticides in order to evaluate
whether the questionnaire and its forms could be used
without problems and to quantify the amount of in­
formation which could be obtained. On 40 random­
ly chosen questionnaires (out of the 140) the matri­
ces were then used to help add missing information
and correct "impossible" answers. This random sam­
ple was considered appropriate and large enough for
assessing the value of our exposure estimate meth­
od, in view of the fact that the same method had been
applied to all of the exposed cases and referents dur­
ing the analysis of the case-referent study.

Results

The distribution of the 140 interviewed subjects by
gender , age, level of education, number of reported
cultivated crops, type of crop, type of job , duration
of work in agriculture, and frequency of direct use
of pestic ides is presented in table I. Most of the
subjects were male, had low or no education, were
aged 65 years or more, had been farmers for 35 years
or more, and had often or always applied pesticides
personally. The more common crops were fruit trees
and cereals. The distribution of the same variables
was evaluated for a randomly chosen representati ve
subsample of 40 farmers, and no statistically signif­
icant difference was found with the chi-square test
between the subsample and the total set of 140 ques­
tionnaire s.

The amount of information obtained through the
interview was evaluated for the following variables:
type of crop, its surface area, plant diseases or in­
festations, type of chemicals used, dosage of chem­
ical for each treatment, and number of treatments per
year. All of the subjects remembered all of the crops
cultivated. The results for the other variables are pre­
sented in figure I.

The variable for which the recall was higher was
the type of crop disease or infestation: 76% of the
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interviewed subjects remembered the diseases which
affected their crops "always," 20% remembered the
diseases "often," and no subject was unable to iden­
tify at least some of the diseases. The surface areas
of the crops were also frequently remembered. Sev­
enty-three percent recalled the surface areas "al­
ways," while only four subjects (3%) did not remem­
ber any of the surface areas. For the other variables,
on the other hand, the recall was poor. Only 15% of
the subjects were able to state the use of specific
chemicals "always," and 38% gave answers in the
two lower recall categories ("never," "seldom").
Only four subjects (3%) remembered the amounts of
chemicals used "always ," while 68% remembered
none of the amounts used. Similar result s were ob-

Table1. Dist ribut ion of the 140agricu ltural workers who f", OO
out the questionnaire and of those in the randomly selected
sample according to their demographic and occupational
characteristics.

All of the Randomly

Characteristic subjects selected
sample(%)

(%)

Gender

Male 81 85
Female 19 15

Age (years)

s54 21 22
55-64 26 25
65-75 53 52

Education

None 45 37
1-5 years 41 47
> 5 years 14 15

Number of crops
cultivated

1-2 19 17
3-4 44 50
«5 37 32

Type of crops

Cereals 22 19
Sugar beet 14 14
Grapes 14 13
Fruit trees 25 24
Strawberr ies 10 11
Vegetables 9 13
Seeds 5 5

Job titles

Share cropper 89 87
Farm laborer 7 5
Manager 1 2
Assistan t 4 5

Duration of work
In agriculture (years)

s19 19 15
20-34 21 12
35-49 24 37
«50 35 35

Direct use of
pestic ides

Sometimes 26 15
Often 24 32
Always 51 52

a Each subject may have been counted more than once.
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Figure 1. Percentage and absolute number
of subjects in the recall categories related to
exposure to pestic ides in conjunction with the
five variables in the questionnaire (N =140).
(never =subjects who always answered "I do
not remember," seldom =subjects recalling
1-32% of the information , fairly often =sub­
jects recalling 33-65% of the information ,
often = subjects recalling 66-99% of the in­
formation, always =subjects recall ing 100%
of the information, infestat = infestation, n =
number)

Table 2. Percentage of respondents for which more than 65% of the data on the exposure variables was available, according
to demograph ic and occupational characteristics of the respondents .

Percentage of respondents with 65% of data available

Characteristic

Gender

Male (N = 111)
Female (N = 25)

Duration of work
in agriculture

< 35 years (N = 80)
2: 35 years (N = 56)

Direct use of pesticides

Sometimes or often (N =65)
Always (N = 71)

Chemicals used Dose for each Number of treat -
treatment ments/year

50 7 24
28 0 4

X2=3.B2 (P= 0.05) X2= 0.642 (P=0.42j X2=3.54 (P= 0.06)

32 5 18
64 6 23

X2=13.4 (P<O.Ol) X2=0.01 (P=0.92) X2=0.133 (P=0.71)

31 3 12
59 7 27

X2=13.6 (P<0.01) X2= 0.35 (P= 0.56) X2=4.0B (P= 0.04)

• These questions were not applied If the chemical was Identi f ied as
never used.

Table 3. Positive, negative, and missing responses to the ques­
tions on the chemicals used, the dose for each treatment, and
the number of treatments per year before and after the use of
the matrices. (Number of questionnaires =40)

tained for the number of treatments per year. We then
calculated the recall percentages for the same varia­
bles according to the worker characteristics presented

Chemicals used

Yes 220 11.9 454 24.6
No 819 44.4 1229 66.6
Don't know 807 43.7 163 8.8
Total number of questions 1846 100.0 1846 100.0

Dose for each treatment-

Yes 32 3.1 858 83.5
Don't know 995 96.9 169 16.5
Total number of questions 1027 100.0 1027 100.0

Number of treatmentslyear '

Yes 204 19.9 864 84.1
Don't know 823 80.1 163 15.9
Total number of questions 1027 100.0 1027 100.0

in table I to determine if the worker characteri stics
were determinants of recall. Female agricultural
workers, those who worked for only a short period
in agriculture , and those who seldom used pesticides
personally showed a worse recall for chemicals, the
number of treatments per year, and the dose of chem­
ical for each treatment (table 2 ).

The matrices were then applied a posteriori to the
40 questionnai res in the subsample to complete the
missing information and to modify the inconsistent
data. The frequency of positive and negative answers
and of missing information on the 40 questionnaires
is shown in table 3 for the chemicals used, the dose
for each treatment , and the number of treatments per
year before and after the application of the matrices.

The application of the matrices enabled us to com­
plete 644 of the 807 gaps in the data on chemicals ,
660 of the 823 gaps in the data on the number of
treatments per year, and 826 of the 995 gaps in the
data on dose of chemicals and type of treatment.

A comparison of the distribution of categories with
respect to the amount of information obtained before
and after the application of the matrices is shown in

%

After
matrices

N%

Before
matrices

N
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Figure 2. Percentage and absolute number of subjects in
the recall categories related to use of chemicals on the ques­
tionnaire (N = 40) before and after inclusion of the matrices.
(never =subjects who always answered "I do not remember,"
seldom = subjects recalling 1-32% of the information, fair­
ly often = subjects recalling 33-65% of the information,
often = subjects recalling 66-99% of the information,
always =subjects recalling 100% of the information)
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Figure 3. Percentage and absolute number of subjects in
the recall categories related to dosage and treatment on the
questionnaire (N = 40) before and after inclusion of the ma­
trices. (never =subjects who always answered "I do not re­
member," seldom =subjects recalling 1-32% of the infor­
mation, fairly often =subjects recalling 33-65% of the in­
formation, often = subjects recalling 66-99% of the infor­
mation, always = subjects recalling 100% of the information)

22

alwaysseldom fairly oIlennever

80

40

60

100.-------------------,

I0 belor. matrix rzJlilt... matrix I
Figure 4. Percentage and absolute number of subjects in
the recall categories related to number of treatments per year
on the questionnaire (N =40) before and after inclusion of
the matrices. (never = subjects who always answered "l do
not remember," seldom =subjects recalling 1-32% of the
information, fairly often = subjects recalling 33-65% of the
information, often = subjects recalling 66-99% of the infor­
mation, always =subjects recalling 100% of the information)

estimating doses when the subject recalled the chem­
ical but not the number of treatments or the dose for
each treatment, the third on the application of the ma­
trices also for attributing the chemical when the sub­
ject did not identify it. Nineteen subjects reported the
use of parathion, only one of whom reported the in­
formation necessary for estimating cumulative ex­
posure. In combination with the original information
from the questionnaires, we were able to use the ma­
trices to attribute a quantitative estimate of the cu­
mulative exposure for all of the 18 remaining sub­
jects. Furthermore, the full application of the matri­
ces for attributing the missing information on used
chemicals assigned parathion exposure to 11 more
subjects .
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figures 2, 3, and 4 for the aforementioned variables.
The category of subjects for whom the chemicals
used could always be assigned increased from 13 to
56% after the application of the matrices, while those
for whom this information was never available de­
creased from 18 to 5%. Similar results were obtained
for the number of treatments per year. For 56% of
the subject s the dose for each treatment was always
available, compared with 3% before the application
of the matrices, while the "never" available category
decreased from 72 to 5%.

Although based on small numbers, the effect of the
matrices was also evaluated in the 40 questionnaires
for each of the demographic and occupational char­
acteristics found to be determinants of recall in the
whole set of 140 questionnaires, in order to verify
whether the effect of the matrices was limited to spe­
cific groups of subjects. The matrices were effective
in all of the categories, as the difference of recall
percentages before and after the application of the
matrices was always statistically significant, except
for the number of treatments per year among the
women, a finding based on only six questionnaires.
The difference was more marked for those with poor
recall, the missing information being more frequent ;
thus the final result was a reduction of the differences
in the amount of available information among the
various categories of subjects (table 4).

Out of the total number of pesticides reported in
the 40 randomly selected questionnaires, three were
chosen for an estimation of the cumulative dose of
exposure before and after the use of the matrices. In
table 5 the results are reported for parathion, man­
cozeb, and DDT (dichlorodiphenyltrichloroethane)
according to three steps of attribution of exposure.
The first was based on the simple recall of the sub­
ject, the second on the application of the matrices for
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Table 4. Proportion of information on available exposure before and after the application of the matrices, by variables related
to recall among the exposed subjects for which more than 65% of the data was available.

Chemicals used Dose for each Number of treat -
treatment ments/year

Before After Before After Before After
matrices matrices matrices matrices matrices matrices

(%) (%) (%) (%) (%) (%)

Gender

Male (N =33) 54 91 3 79 24 82
Female (N= 6) 17 83 0 67 17 67

Duration of work
In agriculture

<35 years (N = 10) 33 90 0 70 20 70
~35 years (N =29) 55 90 3 79 24 83

Direct use of pesticides

Sometimes or often (N = 18) 33 89 5 72 22 89
Always (N = 21) 62 90 0 81 24 86

Table 5. Estimate of the cumulative exposure to three pesticides before and after the use of the crop-Infestation pesticide­
exposure matrices. (DDT= dichlorodlphenyltrichloroethane, SE= standard error)

Parathion Mancozeb DDT

Number
of

NU~ber subjects
exposed on which
subjects ex~:sure

based

Cumulative
exposure (kg)

Mean SE

Number
Number of

of subjects
exposed on Which
subjects ex~:sure

based

Cumulative
exposure (kg)

Mean SE

Number
of

Number subjects Cumulative
of on which exposure (kg)

exp~sed exposure
subjects was Mean SE

based

Before matrices
(step I)-

After matrices

Step lib
Step lIIe

19

19
30

18
30

126

74.6 23.5
98.9 23.0

4

4
10

1

3
10

1209.6

240.5 76.7
337.2 139.2

4

4
12

4
12

40.6 33.3
75.9 28.4

• Use of questionnaire alone.
• Application of the matrices when the subjects recalled the chemicals being used.
e Application of the matrices for allributlng information on chemicals when not recalled by the subject,

Four farmers reported using mancozeb (for one the
cumulative exposure could be estimated). The ma­
trix enabled us to assign the dose for each treatment
and number of treatments per year in all of the miss­
ing cases for mancozeb. The full application of the
matrices assigned six more exposures to mancozeb.

For DDT, the application of the matrices increased
the number of exposed subjects from 4 to 12, none
of whom had reported the exposure level, and al­
lowed the cumulative exposure to be estimated in all
of the cases.

For these three products, the matrices could be
used to complete all of the information needed for
the quantitative exposures to be estimated. In con­
clusion , the application of the matrices is expected
to have increased the precision of the exposure esti­
mates by having increased the number of observed
exposed subjects. It also made an analysis by cumu­
lative exposure levels potentially possible. Finally,
seven of the forty randomly selected questionnaires
reported at least one period of use of pesticides which
was inconsistent with the dates reported in the ma­
trices (difference of more than two years compared
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with the official date of registration of the product).
For these, the matrix was used for correcting the an­
swers.

Discussion

During a case-referent study on the association of
pesticide exposure with hemolymphopoietic neo­
plasms and soft-tissue sarcomas, an effort was made
to improve the attribution of exposure and the quan­
titative definition of cumulative exposure through the
a priori use of crop-infestation pesticide-exposure
matrices which were prepared for this purpose.

Ten forms concerning task-related circumstantial
determinants were incorporated into a questionnaire
completed by farmers; the results showed that it was
possible to obtain a good recall of the crops culti­
vated, the surface areas, and the crop infestations and
diseases. However, the forms did not improve the
respondents' recall of the specific chemical products
used, the number of treatments per year, or dosages,
this last information being necessary to estimate cu­
mulative exposure.



The very poor recall of specific chemical exposure
and dosage may be attributable to the nature of the
chemical exposures, which are numerous, complex ,
varied, and probably not frequently known to work­
ers . Although the women seem to have had worse
recall than the men, this finding may be a statistical
error because of the very small number of women
in the sample. Moreover, the female workers had
been less continuously and heavily exposed than the
male workers, and recall was better among workers
with the longest duration and most frequent experi­
ence of agricultural work, as shown in table 2.

The use of the forms for identifying cultivated
crops and crop infestations permitted the application
of the matrices in a representative sample of com­
pleted questionnaires, linking this information with
the pesticides commonly used for the specific crop
diseases in the specific reported period and with the
usual number of treatments per year and the dose for
each treatment. With this method, the information
gathered from the questionnaires was fully used for
applying matrices that were specific for time and
crop disease.

As the interviewed subjects were unable , in many
cases, to remember whether they had used specific
chemicals or not, the a posteriori application of the
matrices enabled us to assign a high number of sub­
jects who were probably exposed to specific risks and
overlooked with the questionnaire alone. In a case­
referent study, this result is expected to lead to in­
creased statistical power and efficiency. Although
with this method some misclassification of unex­
posed subjects in the group of the exposed cannot
be excluded, it is reasonable to assume that this bias
is less relevant than the reverse one (misclassifica­
tion of exposed in the group of unexposed). The as­
sumption is based on the information that crop dis­
eases were always treated with pesticides in the area
under study and in the period considered and that
treatment protocols were well established, changing
predominantly when a new product substituted the
previous one on the market. For these reasons, the
information used by the experts for attributing ex­
posure by crop disease and by period should be con­
sidered reliable. The data collection capability of the
questionnaire alone compared with the results ob­
tained with the combined use of the questionnaire
and the matrices showed that the questionnaire was
able to assign exposure to workers in a proportion
which varied depending on the specific chemical
considered. The underestimation of exposed subjects
without the use of the matrices was therefore pre­
sumably selective and introduced a possible bias into
the analysis .

Furthermore, with this method, it was possible to
attribute a quantitative estimate of cumulative expo­
sure for all of the subjects who spontaneously re­
ported having used specific chemicals, and also for
all of those who were assigned as probably exposed
through the usc of the matrices. This possibility rep-
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resented further information and an additional way
of classifying exposure as compared with the use of
the questionnaire alone, even if the specific forms
of the questionnaire were comprehensive.

Although this quantitative estimate of cumulative
exposure was based on some assumptions, it repre­
sented the only one possible for this population be­
cause the interviewed subjects were only sporadically
able to report the quantitative variables necessary for
the estimate.

In conclusion, the proposed method represents a
promising contribution to the attribution and quan­
tification of exposure among agricultural workers .

The effect of the possible reduction in the misclas­
sification of exposure and the quantification of cu­
mulative exposure for a large majority of subjects
will be evaluated in the full-scale case-referent study
comparing the estimates of relative risks obtained
through three steps of analysis. The first will be
based on the use of the questionnaire alone, the sec­
ond on the application of the matrices to the origi­
nal information on pesticides reported by the subjects
for estimating cumulative exposure among agricul­
tural workers , and the third on the full application
of the matrices for identifying exposed subjects and
for attribut ing a quantitative estimate of cumulative
exposure to the subjects.
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Form reporting time-specific diseases and infestations, chemicals used, dose for each treatment,
and number of treatments per year for strawberry cultivation, as included in the questionnaire

Crop:

Strawberry
Hectares From To

Diseases and
Infestations

Aphides ,
lepidopter and
other Insects

Cryptogamic
diseases
(botryt is
cinerea, etc)

Chemical or
commercial name

ACEPHATE: ortene

LINDANE: adorifora,
aficlda rurnlanca,
cyclanol, dorigamma,
emulgamma, exafis,
gamma 20, geollngex,
i1ndaclor, rodan, Iindaforte,
lindamul, lintox, Iindasol ,
lindavis, lingex, terlin,
toxin , verdinal, agrocide

TRICLORFON:
dipterex, toxene

TMTD8: fernIde,
marlsan, nomersan,
pomarsol, temtidln,
th irsol, fiorene

CAPTANO: captan 50,
captol, orthoclde,
CAP 50, santhane, CT50,
sorene

FOLPET: orto phaltan,
dipet, tolcarb , orval,
folpetan, foltamln, foltan ,
mlldin, sanfol , t loftal

FOLPET+ CAPTAFOL:
fotapet, mycodlfol

BENZIMIDAZOLlCI:
enovlt metll, benlate

DICLOFLUANIDE:
euparen

No
Amount Number of

Yes (kg)1 treatmentsl From
treatment year

To Notes

8 TMTD= tetramethyl th iuram disulf ide.
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Appendix 2

crop-tntestaucn pesticide-exposure matrix for strawberry cultivation

Commercial Number of
Diseases and Chemical Chemical Period of product Chemical treatments/
infestations (%) use (g . quintal-1 (g . Ha-1) year

of water)

Aphides, Acephate 43 74 100 430 2
lepidopter and Lindane 25 57-75 120 300 1
other Insects Trlclorfon 50 68 300 1500 1

Cryptogamic TMTDa 50 65 300 1500 3
diseases Captane 50 65 300 1500 3
(botrytls Folpet 50 66 250 1250 3
cinerea, etc) Folpet + captafol 75 72-87 150 1100 3

Thiofanatemetil 70 71-75 100 700 2
Benomyl 50 70-75 80 400 2
Diclofluanide 50 66 100 500 1

a TMTD =tetramethyl thiuran disulfide.

Appendix 3

Application of the matrix to one agricultural worker's questionnaire

The job-exposure matrix was applied to a questionnaire of a subject who cultivated strawberries from 1965
to 1988. In this case, information about the amount of pesticides used per treatment was added and the year
in which the use of benlate began was corrected with the use of the matrix because it was inconsistent with
the matrix reported in appendix 2. (Benlate was registered in Italy for the first time in 1970.)

Crop:

Strawberry

Hectares

01.00

From

65

To

88

Diseases and
infestations

Chemical or
commercial name No

Amount Number of
Yes (kg)/ treatments/ From

treatments yeara
To Notes

Aphides,
lepidopter and
other insects

Cryptogamic
diseases
(botrytis
cinerea etc)

ACEPHATE: orlene

LINDANE: adorifora,
aficida rumianca,
cyclanol , dorigamma,
emulgamma, exafis,
gamma 20, geolingex,
lindaclor, rodan, IIndaforte,
IIndamul, IIntox, IIndasol,
IIndavis, Ilngex, terlin,
toxin, verdlnal, agrocide

TRICLORFON:
dipterex, toxene

TMTDb: femide,
marisan, nomersan,
pomarsol, temlidin,
thirsol, !lorene

CAPTANO: captan 50,
captol , orthoclde,
CAP 50, santhane , CT50,
sorene

FOLPET: orto phaltan,
dipet, folcarb, orval,
folpetan, foltamin, foltan,
mildin, sanfol, tioftal
FOLPET+CAPTAFOL:
fotapet, mycodlfol

BENZIMIDAZOLlCI:
enovit melil, benlate

DICLOFLUANIDE:
euparen

x
X

X

X

X

X

X

X

X

99
(1.5)

99
(1.5)

99
(0.4)

02

01

02

69

68

65
(70)

88

88

75

a Values in parentheses calculated according to the criteria explained in appendix 2. bTMTD = tetramethyl thiuram disulfide.
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