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Abstract. In an attempt to reduce ethylene dibromide
(EDB) residue in fumigated grapefruit following the quaran
tine treatment, a series of experiments varying certain con
trollable parameters of the fumigations was performed.
Time of fumigation and applied dose are the 2 parameters
most commonly controlled; temperature, although controll
able, is generally set by nature and the environment. Com
binations of temperatures between 50 and 80°F; times be
tween 0.25 and 4.0 hr; and EDB dose rates of between 0.25
and 8.0 oz/1000 ft3 airspace were applied to fruit fly in
fested white Marsh grapefruit. Insect mortality and EDB
residue data indicate that a treatment combination of 4 oz
EDB/1000 ft3 for 2.5 hr at a fruit and chamber temperature
of 75 °F may be used to achieve probit 9 mortality of insects
infesting grapefruit and will result in a low concentration
of EDB in the fruit following fumigation. Statistical analyses
indicate that temperature was not a highly significant factor
in the fumigation process in the temperature range tested

(P = 0.23).

'Marsh' white grapefruit [Citrus paradisi (Macf.)] and
certain other subtropical fruits grown in Florida are sus
ceptible to infestation with immature stages of the Carib
bean fruit fly, Anastrepha suspensa (Loew) (8, 10). Since
1974, grapefruit shipped to Japan has been required to
have an acceptable quarantine fumigation to prevent the
introduction of A. suspensa into that country. California,
Texas, Arizona, and Hawaii also require fumigation of
suspected host fruits before they will allow them to be
brought into their states. Although ethylene dibromide
(EDB) has been the fumigant of choice for controlling most
tropical fruit flies and until recently the only nonphytotoxic means of quarantine treatment for the fruit, the
Environmental Protection Agency (EPA) banned its use
on citrus fruits for consumption within the United States
as of September 1, 1984 (4). Citrus fruit for export outside
the territorial United States may still be fumigated during
certain months (4). The quarantine treatment until 1984
has consisted of an applied EDB dose of 8 or more ounces
per 1000 ft3 airspace, depending on load factor and tempera
ture, for a 2-hr time period (11).
As early as 1958, McPhail (6) projected a probit 9
mortality rate when grapefruit infested with the Mexican

fruit fly, A. ludens (Loew), were treated with EDB at a
4 oz/1000 ft3 rate for 2 hr. Tests in 1976 by Burditt and von
Windeguth (2) suggested a dose rate of at least 6.5 oz/1000
ft3 if the 95% lower confidence limits was used as the
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minimum acceptable dose. Preliminary low dose tests by
von Windeguth and King (9) indicated that by lengthening
the fumigation time, an applied dose of 4 oz/1000 ft3 might
give acceptable quarantine control of the infesting insect.
If the grapefruit importing country is still willing to accept
EDB as a quarantine treatment, this lower level of chemical
in the fruit would both cut down on worker exposure
during shipment and consumer ingestion in the importing
country.

Experimental Design

The "central composite rotatable design for 3 factors"
(or independent variables) as described in Cochran and
Cox (3) calls for 20 separate experiments, but we added 23

more tests to the areas in the experimental region that

looked sparse. In the design, the 5 levels of each factor are
coded -1.68, -1,0, 1, and 1.68. For each factor, the coded
values —1.68 and 1.68 correspond to the lowest and high
est levels. The 3 intermediate levels are calculated by pro
portional parts. Thus, the actual EDB treatment dose values
were 0.25, 1.4, 3.9, 6.3, and 8.0 oz/1000 ft3 airspace. (The
3.9 oz center dose was due to a mathematical error when
the 0 value was derived by subtracting the lowest from the
highest dose and dividing by 2; it should have been 4.1 oz).
Chamber and fruit temperatures were 50, 56, 65, 74, and
80°F, and fumigant exposure times were 0.25, 1.01, 2.13,
3.24, and 4 hr. For this series of tests, load factor (% of
chamber filled with fruit) was not considered a variable
since in the State of Florida all semi-trailer fumigation

chambers are <25% full when loaded.

Materials and Methods

Grapefruit were infested by placing them in an outdoor
screened infestation cage which contained ca. 100,000 gravid
female Caribbean fruit flies. The grapefruit were laid out
on metal hardware cloth racks and exposed to the flies for
one week. After removal from the infestation cage and
cleaning, the fruit was reboxed in 4/5 bu fiberboard boxes
and placed in a temperature controlled walk-in refrigerator
for at least 24 hr to allow all the infested fruit to reach the
desired fumigation temperature. Time of fumigation and
EDB applied dose were randomly selected for each test for
that week. It was not possible to randomly select tempera
tures within a given week because of the need to precool or heat fruit and chamber to the same temperature.
Generally, only one temperature variable was selected for
all 6 tests during a given week.

Following the fumigation period and a 1 hr aeration
period (the aeration period was 1 hr regardless of the
length of the fumigation), the boxed fruit were removed
from the 50-ft3 chamber. At this time 4 fruit were selected
randomly from the fumigated load (1 fruit each from 4
different boxes) for residue analyses. The remaining fumi
gated fruit (250 to 280 fruit/test) were placed in screened
bioassay towers as described by Burditt and von Winde
guth (1). The fumigated fruit and controls were retained
for a minimum of 4 weeks following the fumigation. The
larval collection boxes filled with sand were screened week
ly to collect pupae that had developed from larvae surviv
ing the fumigation. For the purposes of these tests, a pu

pae recovered from a fumigated lot of fruit is considered
a survivor even though no adult emerges from the pupariProc. Fla. State Hort. Soc. 97: 1984.

The actual dose is obtained by taking antilogs. This has
been evaluated for all possible combinations of tempera
tures between 50 and 80°F (in steps of 5°F) and of time
between 2 and 3 hr (in steps of 0.25 hr) and presented in
Table 2.
Table 2. Calculated ethylene dibromide (EDB} doses (oz EDB/1000 fts
airspace) needed to give 99.9968% insect mortality at some selected
times and temperatures normally encountered in an actual grape

fruit filled semi-trailer fumigations

Time (hr}
Temp (°F)

2.0

2.25

2.5

3.0

50
55
60
65
70

5.5
5.2
4.9

5.3
5.0
4.7
4.5
4.3
4.1
3.9

5.2
4.9
4.6
4.4

4.9
4.6
4.4
4.1
3.9
3.8
3.6

75
80

4.6
4.4
4.2
4.1

4.2
4.0
3.8

zLoad factor is considered constant at 25%.

The multiple linear regression of EDB residue on the
logarithms of time, temperature and dose gave a coefficient
of determination of 0.6332. The equation is given below:
residue = 10.267 + 2.574 (Ln temp) +
1.680 (Ln time) + 1.790 (Ln dose)
Again, time and dose were more significant than tempera
ture (significant at the 0.01%, 0.01%, and 13.0% levels re
spectively). The correlation coefficient between percent
mortality and residue in the fruit was 0.49.
Linear regression of mortality on residue using the equa
tion; % mortality = 66.81 + 590 (Ln residue), gave a cor
relation coefficient of only 0.24. Examination of Table 1
mortality and residue data indicates that when EDB resi
dues were 2 ppm or greater (except test #40) insect mortali
ties exceeded 95%. In tests where the EDB residue was 3
ppm or more (except test #29 which was fumigated for
only 0.62 hr because of a timing error) all tests exceeded
99% kill of insects. At EDB levels of 4 ppm and above, only
test #34 had less than 100% mortality. Critical examina
tion of procedures and raw data in this test did not reveal
any obvious reason for the insect survival occurring with
almost 6 ppm EDB present in the fruit. Four tests, numbers

27, 28, 42, and 43, all had lower EDB levels in the fruit
than test #34, but had 100% insect mortalities.
King and von Windeguth (5) showed that a fumigation
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of grapefruit at the 8 oz dose rate for a 2-hr time period
resulted in an EDB residue of ca. 12 ppm EDB m the
fruit at the end of the 1-hr aeration period. This fruit,
when held at 70-77°F, contained ca. 40 ppb EDB after 7
days and ca. 3 ppb after 21 days. Holding the fruit at a
cooler temperature retarded the EDB loss. In fruit stored
at 55 °F, the EDB level fell from an initial level of ca. 17
ppm immediately following aeration to 9 ppb after 22 days
of cold storage. EDB loss has been shown to be proportion
al to the amount present (5). The 4 oz/1000 ft3 treatment
reported in the present tests contained 4 to 6 ppm EDB im
mediately following the aeration period so the residues
would have been <20 ppb at 7 days and <2 ppb at 21
days post fumigation if the 4 oz treatment lost EDB at the
same rate as an 8 oz fumigation.
Two large chamber (9000 ft3) semi-trailer fumigations
were done in the spring of 1984 to simulate actual quaran
tine fumigations on full loads of fruit (1). A total of ca.

9700 insects contained in fruit were fumigated at the 4 oz/
1000 ft3 rate for 2.5 hr. No insects were recovered from the
infested fruit. Further confirmatory tests will be done when
fruit becomes available and a reasonably high insect infesta
tion rate can be achieved.
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