Scand J Work Environ Health 14 (1988): supp! 1, 35—36

Reentry intervals after pesticide application in greenhouses

by Jyrki Liesivuori, MSc,' Sanni Liukkonen, MSc, Paivi Pirhonen, MSc?

Workers are constantly exposed to pesticides, their
residues, or degradation products in the agricultural
environment. There is a potential for acute effects
when highly toxic fumigants are used in closed systems
such as greenhouses. It is common practice to fumi-
gate the greenhouse, ventilate it for some hours, and
then permit workers to enter. Exposure is aggravated
when labor involves prolonged and continuous con-
tact with foliar surfaces bearing pesticide residues. The
dislodgable foliar residues are transferred to workers’
skin and clothing. This health problem is currently re-
ferred to as the reentry problem in reference to worker
reentry into a field or a greenhouse after pesticide ap-
plication (3).

Reentry intervals have been established only in some
countries. The California Department of Food and
Agriculture has established reentry intervals for 21
organophosphate insecticides (4). A reentry interval of
48 h has been set by the US Environmental Protec-
tion Agency for 11 organophosphates and for endrin
and clordimeform. The intervals are normally calcu-
lated for pesticide application in fruit orchards, and
they vary from 1 to 30 d depending on the pesticide
and fruit (4). Hungary has a reentry interval of 3 d,
eg, for dimethoate in greenhouses (1).

The residues especially cause health problems be-
cause the degradation products could be more toxic
than the parent compounds. Parathion is degradated
to para-oxon, which is a 10 times more effective cho-
linesterase inhibitor than parathion. Carbendazime
formed from benomyl is a suspected carcinogen. Or-
ganochlorine compounds enter the body easily through
the skin, whereas some dithiocarbamates are poten-
tial allergens.

The aim of this study was to measure the diminishing
of fumigant concentrations in greenhouse air and the
dissipation of toxic foliar residues on the plant leaves
so that practical reentry intervals could be established.

Methods

Pirimicarb, nicotine, and sulfur were selected as model
compounds from the fumigants. Air samples were col-
lected in five stationary sites of each greenhouse for
2, 4, and 8 h after fumigation. Samples were also taken
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the next morning and after the greenhouse had been
ventilated. The pirimicarb samples were collected into
impingers containing 15 ml of toluene, and the nico-
tine samples onto XAD-2 resin. The two compounds
were analyzed by gas chromatography. The sulfur
samples were collected on Millipore filters and
weighed.

For the dissipation studies, dimethoate and benomyl
were applied in three rose greenhouses. Leaf samples
were collected from four sites of the greenhouses 0,
2, 4, 16, 24, and 48 h after the spraying. Using a leaf
punch sampler, we excised 5-cm? disks from each of
40 mature leaves free of surface moisture and col-
lected them directly into a jar containing 50 ml of
water. The portion of the bushes about 80 to 130 cm
above the ground was sampled. Samples in transit to
the laboratory were kept in an ice chest and processed
within 24 h of collection. Gloves were taken from five
workers harvesting during the 2 d following the spray-
ing for a determination of dimethoate residues. After
extraction, dimethoate, benomyl, and their degrada-
tion products were analyzed by liquid chromatography.

Results and discussion

The highest concentrations of fumigants were mea-
sured 1 to 4 h after the fumigation. The concentra-
tions had dropped to acceptable levels the next morn-
ing or at least 2 h after the greenhouse was ventilated.
The highest concentration of nicotine in the green-
house air was 28 mg/m? 1 h after the fumigation. This
value is about 50 times higher than the Finnish occu-
pational exposure limit (0.5 mg/m?). It took 8 h be-
fore the nicotine concentrations fell to 0.5 mg/m?. Two
hours of ventilation were needed to refresh the green-
house air.

The pirimicarb concentration was 1.2 mg/m® 0.5 h
after the fumigation. Pirimicarb disappeared in 3 to
4 h. The sulfur concentration rose to 0.7 mg/m? 4 h
after the beginning of the fumigation. Then the con-
centration decreased slowly and disappeared after
1 h of ventilation. There are no exposure limits for
sulfur and pirimicarb for comparison. The gardeners
and harvesters complained about irritation of the upper
respiratory tract after working in the fumigated green-
houses. The results agree with those of studies in which
greenhouse workers were exposed to nicotine, sulfo-
tep, and methyl bromide (6—8).
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The sulfotep study showed that worker activity in
the greenhouse significantly increased sulfotep levels
in the air (7). The practice of ventilating a greenhouse
for 2 h after overnight fumigation was found adequate
to provide safe work conditions.

The maximum amount of dimethoate on the leaves
(720 ng/m?) was measured 2 to 4 h after the spraying.
The dissipation was quick. The dimethoate level was
190 ng/cm? on the third day. The dissipation of di-
methoate on the rose leaves followed first order ki-
netics. The mean half-life was 21 h. Only trace amounts
of dimethoxon were detected on the leaf samples,
whereas the dimethoxon concentration on the gloves
was 1.1 mg/cm?. There was a dimethoate concentra-
tion of 0.48 mg/cm? in the glove samples. The analy-
sis of the residues on the gloves proved that protec-
tive gloves should be used in greenhouse work.

Many studies on reentry intervals have indicated that
the dissipation curves are characterized by an initial
rapid residue decrease as a pesticide decomposes, and
this decrease is followed by a slower residue decline
when compounds persist on leaves, sometimes even for
weeks (3). When dimethoate was applied to citrus trees
in dry open air, the dislodgable foliar residue levels
were 50 times higher than those found on rose leaves
(3). Dimethoxon was present on the citrus leaves, but
no sample contained more than 50 ng/cm?. The half-
life for dimethoate was 2.6 d on citrus foliage and
2.6 d on orange foliage. The half-lives indicate that
dimethoate decomposes faster under warm and humid
greenhouse conditions.

The same trends were found for the concentrations
and half-lives of benomy! and carbendazime as for
dimethoxon. The benomyl concentrations were over
900 ng/cm? 24 h after the spraying but declined to 370
ng/cm? during the next 24 h. The carbendazime con-
centrations rose to 310 ng/cm? during the first 24 h
and then decreased to 170 ng/cm? on the second day.
The mean half-lives for benomyl and carbendazime
were 44 and 53 h, respectively. When benomyl was
sprayed on apple trees, benomyl residues on the foli-
age dissipated quickly during the first 3—7 d. Twelve
days after the application at least 15 % of the origi-
nal deposit (950—1 200 ng/cm?) existed as intact
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benomyl. The maximum concentration of carben-
dazime, 17 pg/cm?, occurred 8 d after the spraying (2).

Mathematical models developed to calculate reentry
intervals are theoretical and difficult to apply for dif-
ferent pesticides, plants, and work conditions (5).

According to the results of the present study some
practical instructions could be given to prevent green-
house workers’ exposure to pesticides or their degra-
dation products. Fumigations should be made in the
evening, and the greenhouse must be ventilated for 2
h before work in the morning. Pickers, harvesters, and
packers must wear protective gloves when handling
treated flowers.
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