J. Agric. Food Chem. 1990, 36, 281-285 281

Distribution and Persistence of Diazinon in a Cranberry Bog

Sunny Y. Szeto,” Michael T. Wan,' Patricia Price, and Jens Roland

Agriculture Canada Research Station, 6660 N.W. Marine Drive, Vancouver, British Columbia,
Canada V6T 1X2

Diazinon 5G at 6 kg of AI/ha was applied twice on a cranberry bog to control the larvae of the cran-
berry girdler moth, Chrysoteuchia topiaria. After each application, diazinon concentrations in water
were highest in the irrigation ditches inside the treatment plot (338, 456 ppb). Lower concentrations
were detected in the adjacent reservoir (78.5, 58.1 ppb), the waterways outside the dyke (29.1, 3.1
ppb), and the tributaries 100 m downstream from the treatment plot (2.8, 1.8 ppb). Some residues
accumulated in sediments of the irrigation ditches (21 200 ppb maximum) and the reservoir (2380
ppb maximum). However, only low levels of residues were detected occasionally in sediments of the
waterways (80 ppb maximum) and the tributaries (10 ppb, detected once). Diazinon disappeared
rapidly and was no longer detected in water (detection limit 0.1 ppb) and in sediments (detection
limit 10 ppb) 66 days after the second application, except in the irrigation ditches where 120 ppb still
remained. Residues were 12, 6, and 7 ppb, respectively, in fruit collected 14, 21, and 28 days after

the second application.

The cranberry girdler moth, Chrysoteuchia topiaria
(Zeller), is an important pest of cranberry. The larvae
feed on the bark and wood, sometimes chewing com-
pletely through a runner. Girdling, or removal of the
bark and inner conductive layer, interferes with the trans-
fer of water and nutrients in the plant and leads to death
of the vine. In recent years this pest has caused severe
economic loss for commercial cranberry growers in the
Lower Fraser Valley. No insecticide is currently regis-
tered in Canada for control of the cranberry girdler, but
granular diazinon 14G at 3.36 kg of Al/ha is registered
and recommended for this purpose in the United States
(Capizzi et al., 1988). Diazinon is known to be toxic to
some aquatic organisms. Its 96-h LC;, to rainbow trout
is 90 ppb (Kenaga, 1979). Therefore, the irrigation water
within a cranberry bog cannot legally be discharged within
3 days of application. To properly assess the impact of
diazinon on the aquatic organisms as required for regis-
tration, research was conducted in a cranberry bog at
Fort Langley, British Columbia, to determine the distri-
bution and persistence of diazinon, including its toxic
metabolite diazoxon in irrigation water and sediments
at various locations within and outside the cranberry bog,
after two applications of granular diazinon. In addition,
residues of diazinon including diazoxon in fruit were deter-
mined at various intervals after the second application.
Our findings are reported here.

MATERIALS AND METHODS

Field Trials. Studies on the distribution and persistence of
diazinon were conducted on a cranberry bog of Coast Cranber-
ries Ltd., Fort Langley, British Columbia. The treatment plot
was a 19-ha planting consisting of nine beds of cranberries. The
irrigation system of the treatment plot consisted of ditches sur-
rounding each bed, reservoirs surrounding the treatment plot,
and waterways linking the reservoirs to two small, natural trib-
utaries of the Fraser River (Figure 1). Early in the growing
season water was pumped from the tributaries via the linking
waterways into the reservoirs for irrigation of the cranberry bog.
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Water was supplied by the reservoirs to the sprinklers in each
bed. There were gates between the irrigation ditches and the
reservoirs, and their linking waterways, to regulate the water
level at each irrigation component and to prevent the outflow
of water from the treatment plot into the tributaries of the Fraser
River. Therefore, irrigation water from the treatment plot could
be retained indefinitely within the system without being released
until after harvest. Six stations were selected for sampling of
the water and sediment within and outside the treatment plot
(Figure 1): one at the irrigation ditches inside the treatment
plot (station 1); one at the reservoir adjacent to the treatment
plot (station 2); two at the waterways outside the dyke (sta-
tions 3 and 5); one at each of the two tributaries approximately
100 m downstream from the edge of the treatment plot (sta-
tions 4 and 6). The distances from stations 4 and 6 to the Fraser
River were about 200 and 1800 m, respectively.

Diazinon 5G at 6 kg of Al/ha was applied to the treatment
plot by a fixed-wing aircraft on July 26 and again on Aug 8,
1988. Following each application, the diazinon granules were
watered in with approximately 5 cm of water by the sprinklers
to the mat where the larvae were located. Samples of water
and sediment were collected from each sampling station 10 days
before the first application and at various intervals after each
application. A sample of 1 L of water including the surface
film was collected by holding the bottle against the water flow
at about 10 cm below the water surface. Sediment samples were
collected from various points within each sampling station with
a stainless steel scoop (15-cm diameter) fitted to a 8.5-m wooden
handle. Each sediment sample consisted of 10 scoops each of
approximately 45 g of sediment from the top 5-cm layer.

Water samples were stored in 1-L amber glass bottles and
sediment samples in 500-g wide-mouth amber glass jars that
had been solvent-washed and heated at 120 °C overnight prior
to use. Water and sediment samples were extracted within 24
h after sampling, and all crude extracts were stored at 4 °C
prior to cleanup and GC analysis.

Cranberries were randomly collected at intervals of 14, 21,
28, and 36 days after the second application. Fruit from each
bed of the treatment plot comprised the four composite sam-
ples of approximately 500 g on each date, for residue determi-
nation.

Extraction and Cleanup. Water samples were extracted
as sampled, i.e., without filtering. Aliquots of 500 mL of water
including all suspended particulate matter were extracted three
times with 50 mL of dichloromethane (pesticide grade) by liquid/
liquid partitioning in 1-L separatory funnels. The amber glass
bottle that contained the water sample was rinsed with dichlo-
romethane to remove any diazinon residues adsorbed on the
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Table I. Percent Recovery of Diazinon and Diazoxon from Fortified Water, Sediment, and Cranberries

% recovery = SD (n = 4)

water sediment cranberry?
compd 1 ppb 100 ppb 100 ppb 5000 ppb 100 ppb 5000 ppb
diazinon 102 £ 1.7 103 £+ 4.0 72.1 £ 2.6 75.6 £ 1.7 102 £20 714 £ 34
diazoxon 110 £ 3.3 102 £ 3.7 68.7 £ 0.3 70.2 £ 2.3 86.8 9.4 69.6 £ 4.9

¢ Homogenized cranberries were neutralized with NaHCOj prior to fortification with diazinon and diazoxon.

Table II. Diazinon Residues (ppb) in Water of a Cranberry Bog Treated Twice with Diazinon 5G at 6 kg of AI/ha*

reservoir
(station2) n = 1

tributaries 100 m
downstream
(stations 4 & 6)
mean, n = 2

waterways
outside dyke
(stations 3 & 5)
mean, n = 2

time of irrigation ditches
sampling, days (station ) n =1
prespray nd nd
postspray
1 (1st spray) 338 13.1
2 278 785
3 175 31.5
4 6.6 16.7
5 1.3 11.3
6 0.8 8.8
7 14 8.7
8 36 7.9
13 104 2.6
14 (2nd spray) 456 39.7
15 110 21.7
16 78.8 52.3
17 47.8 58.1
18 21.1 19.0
19 34.8 16.7
20 10.3 16.3
21 452 8.0
22 13.6 9.9
28 8.3 4.6
35 0.2 1.3
42 nd 0.3
51 nd 0.3
79 nd nd
137 nd nd

% nd = not detected; detection limit 0.1 ppb.

the first application and 456 ppb 1 day after the second
application (Table II). The concentrations decreased to
below 100 ppb within 3—4 days after each application and
to 8.3 ppb 28 days after the first application (i.e., 10 days
after the second application). Diazinon was no longer
detected in water from the irrigation ditches 42 days after
the first application (i.e., 24 days after the second appli-
cation). Similar trends were observed in water from all
other sampling stations, but the concentrations were much
lower. The highest residues were 78.5 ppb in the reser-
voir adjacent to the treatment plot (station 2), 29.1 ppb
in the waterways outside the dyke (stations 3 and 5), and
2.8 ppb in the tributaries about 100 m downstream from
the edge of the treatment plot (stations 4 and 6). The
minute amounts of diazinon (2.8 ppb maximum) that per-
sisted for 4-5 days in the tributaries about 100 m down-
stream from the edge of the treatment plot were 32X
below the 96-h LCs, to rainbow trout (90 ppb of diazi-
non) (Kenaga, 1979) and should have a minimal impact
on fish.

Diazinon is known to be readily adsorbed onto sedi-
ments and soils, the amount sorbed being proportional
to their organic content (Miles and Harris, 1978; Sharon
et al., 1980). Water and sediment in cranberry bogs usu-
ally have high organic content. In fact, the sediment con-
sists mostly of organic detritus derived from decayed cran-
berry vines. Therefore, the chief means of transporting
diazinon from the treatment plot is surface runoff. Since
the water inside the treatment plot and the reservoirs is

nd nd
7.5

29.1 0.8
9.3 2.6
9.1 2.8
4.9 0.5
3.3 0.7
2.4 0.3
2.7 0.2
0.4 0.3
0.4 0.2
2.6 1.1
0.7 0.8
3.1 1.8
0.7 0.7
0.2 0.4
0.1 0.2
2.5 0.2
2.4 0.9
0.7 0.7
0.2 0.1
0.1 nd
nd nd
nd nd
nd nd

retained for irrigation until harvest, it is anticipated that
little diazinon would be moved from the treatment plot
to the adjacent aquatic environment. Our data support
this argument. Only low levels of diazinon (2.8 ppb max-
imum) were occasionally detected in water from the trib-
utaries about 100 m downstream from the edge of the
treatment plot, which came probably from the leakage
of irrigation water through the gate between the reser-
voir and the waterway outside the dyke. We believe that
the residues in the tributaries can be further reduced by
the installation of leak-proof gates. The fact that little
surface runoff occurred was further evidenced by water
samples collected during heavy rainfall 21 days after the
first application (i.e., 8 days after the second applica-
tion). The levels were 45.2 ppb in the irrigation ditches,
8.0 ppb in the reservoir, 2.5 ppb in the waterways, and
0.2 ppb in the tributaries (Table II).

Diazinon was detected in sediments from the irriga-
tion ditches inside the treatment plot (station 1) and the
adjacent reservoir (station 2) (Table III). The highest
concentrations were 21 200 ppb (wet weight) in sedi-
ments of the irrigation ditches 4 days after the first appli-
cation and 8920 ppb 3 days after the second application
or 21 days after the first. Little diazinon was detected
in sediments from the waterways outside the dyke (sta-
tions 3 and 5). The highest was 80 ppb detected 1 day
after the first application. Diazinon was detected only
once at 10 ppb in sediments collected 4 days after the
first application from the tributaries 100 m downstream
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Tfal;lle/}lll. Diazinon Residues (ppb, Wet Weight) in Sediments of a Cranberry Bog Treated Twice with Diazinon 5G at 6 kg
[ at
waterways tributaries 100 m
outside dyke downstream
time of irrigation ditches reservoir (stations 3 & 5) (stations 4 & 6)

sampling, days (station 1) n =1 (station 2) n =1 mean, n = 2 mean, n = 2
prespray nd nd nd nd
postspray

1 (1st spray) 1960 2380 80 nd

4 21200 400 nd 10

8 1970 710 nd nd

13 500 10 nd nd

14 (2nd spray) 1500 30 20 nd

17 6110 110 10 nd

21 8920 40 10 nd

22 2290 40 nd nd

28 520 10 nd nd

35 340 nd 10 nd

42 90 nd nd nd

51 170 10 nd nd

79 120 nd nd nd

137 20 nd nd nd

%nd = not detected; detection limit 10 ppb.

from the edge of the treatment plot (stations 4 and 6).
These results further demonstrated that little transport
of diazinon occurred from the treatment plot to the link-
ing waterways and the tributaries.

Diazinon dissipated rapidly in water and sediment
(Tables II and III). The major mechanism for dissipa-
tion is probably chemical hydrolysis. Diazinon is known
to be stable in neutral and slightly basic media but is
hydrolyzed readily in acidic media (Gomaa et al., 1969).
These workers studied the kinetics of hydrolysis of diaz-
inon and diazoxon. They reported that the hydrolysis
of diazinon and diazoxon follows first-order kinetics in
buffers of pH 3.1-10.4 and in natural water. At 20 °C
the half-lives are 22.8 min at pH 3.1, 30.7 h at pH 5.0,
693.5 h at pH 7.4, 441.2 h at pH 9.0, and 10.1 h at pH
10.4. The pHs of water at various stations of the cran-
berry bog were as follows: 5.1 at the irrigation ditches
(station 1), 5.2 at the reservoir (station 2), 6.2 at the water-
ways (stations 3 and 5), 6.6 at the tributaries (stations 4
and 6). Therefore, diazinon in water from the irrigation
ditches and the reservoir degraded rapidly because of the
relatively acidic pH (Table II). As water in the cran-
berry bog contained significant amounts of particulates
and organic matter derived from decayed vines, much of
the diazinon residue may also adsorb onto the sus-
pended material. Nevertheless, hydrolysis of the sorbed
residues should follow similar kinetics as the unsorbed.
Macalady and Wolfe (1985) studied the effects of sedi-
ment sorption on hydrolysis of diazinon, chlorpyrifos, and
fenchlorphos. Their investigations with well-character-
ized sediments showed that the rates of neutral hydrol-
ysis of the three compounds were unaltered when the
compounds were sorbed to sediments.

The pHs of the sediments in the cranberry bog were
as follows: 4.4 in the irrigation ditches (station 1), 5.0 in
the reservoir (station 2), 5.7 in the waterways (stations 3
and 5), 6.0 in the tributaries (stations 4 and 6). Since
diazinon is unstable in acidic media, its residues in sed-
iments from cranberry bogs will degrade rapidly as dem-
onstrated here (Table III). Not much information on the
persistence of diazinon in sediments is available in the
scientific literature. Studies in turf and submerged soil
(Kuhr and Tashiro, 1978; Sethunathan and MacRae, 1969)
have shown that diazinon is nonpersistent. In turf treated
with diazinon 5G at 6.72 kg of Al/ha, the insecticide was
washed into the soil with 1.2 cm of water by a sprinkler.
After application, the residues remained at about 10 ppm

for 2 weeks and decreased to levels from 0.17 to 0.65 ppm
after 6 weeks (Kuhr and Tashiro, 1978). The dissipa-
tion in sediments of the cranberry bog as reported here
was much faster probably because of the acidity (pH 4.4-
5.0).

In their studies on biodegradation of diazinon in sub-
merged soils, Sethunathan and MacRae (1969) found that
only 2-6% of the originally applied diazinon remained
in the soils after 50-70 days. Losses of the insecticide
from sterilized samples of two of the soils were much
slower than from nonsterilized samples whereas the dis-
appearance was just as rapid from sterilized samples of
the third soil, an acidic clay of pH 4.7, as from nonster-
ilized ones. In our studies, sediments from the irriga-
tion ditches inside the treatment plot (pH 4.4) and the
adjacent reservoir (pH 5.0) were similar in acidity and
disappearance of diazinon from these sediments was just
as rapid. Other factors that may contribute to the rapid
degradation of diazinon in sediments include microbial
degradation as demonstrated by Sethunathan and Mac-
Rae (1969) in submerged soils, photolysis (Burkhard and
Guth, 1979), and enhanced degradation resulting from
repeated applications (Forrest et al., 1981).

Residues in Cranberries. Diazinon is currently reg-
istered in Canada for control of the blackheaded fire-
worm, R. naevana in cranberries, and tolerance of resi-
dues is 250 ppb. Cranberries were collected for residue
determination from the treatment plot on Aug 23, i.e.,
14 days after the second application. There was 12 ppb
of diazinon, but diazoxon was not detected. The total
residues decreased to 6 and 7 ppb, respectively, in cran-
berries after 21 and 28 days and to nondetectable after
36 days. Our results clearly showed that residues accu-
mulated in cranberries would be well below the 250 ppb
tolerance set for diazinon.
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Evidence for the Natural Occurrence of Fumonisin B,, a Mycotoxin
Produced by Fusarium moniliforme, in Corn

Eric W. Sydenham,” Wentzel C. A. Gelderblom, Pieter G. Thiel, and Walter F. O. Marasas

Research Institute for Nutritional Diseases, South African Medical Research Council, P.O. Box 70,
Tygerberg 7505, South Africa

Fusarium moniliforme, a common fungal contaminant of corn, was recently shown to produce a group
of mycotoxins, the fumonisins, in culture. Moldy home-grown corn collected from an area of the
Transkei, southern Africa, was analyzed for the presence of the fumonisin mycotoxins. Fumonisin
B, (FB,) was detected in the sample extract, as independently prepared derivatives, by two high-per-
formance liquid chromatographic procedures. A capillary gas chromatographic—mass spectrometric
procedure was used to confirm the identity of the tricarballylic acid moiety, present in the esterified
hydrolysates of the fumonisins. This is the first conclusive report of the natural occurrence of FB, in

corn.

Fusarium moniliforme Sheldon, a common fungal con-
taminant of corn throughout the world (Booth, 1971),
has been implicated in animal and human diseases (Mara-
sas et al., 1984b). Various strains of the fungus are known
to be highly toxic (Kriek et al., 1981a,b) and carcino-
genic (Marasas et al., 1984a; Jaskiewicz et al., 1987) in
animals. Since F. moniliforme has been associated with
human esophageal cancer risk in the Transkei, southern
Africa (Marasas, 1982; Marasas et al., 1981, 1988a) and
in China (Li et al., 1980; Yang, 1980), recent investiga-
tions have focused on the characterization of the carci-
nogenic compounds produced by this fungus.

The mutagenic activities exhibited by various strains
of F. moniliforme in the Salmonella mutagenicity test
resulted in the characterization of the potent mutagen,
fusarin C (Wiebe and Bjeldanes, 1981; Gelderblom et al.,
1984a; Gaddamidi et al., 1985). However, the lack of car-
cinogenicity of fusarin C (Gelderblom et al., 1986) makes
it unlikely that this mutagen is involved in the carcino-
genic effects of the fungus. Recently, several strains of
F. moniliforme were found to exhibit cancer-promoting
activity in a short-term cancer initiation/promotion bio-
assay in rats using diethylnitrosamine (DEN) as a can-
cer initiator and the induction of y-glutamyltranspepti-
dase positive foci in the liver as end point (Gelderblom
et al., 1988b). With use of this bioassay as a monitor for
cancer-promoting principles, the fumonisins were iso-
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lated (Gelderblom et al., 1988a) and chemically charac-
terized (Bezuidenhout et al., 1988) from culture material
of F. moniliforme MRC 826, previously shown to be hepa-
tocarcinogenic to rats (Marasas et al., 1984a; Jaskiewicz
et al., 1987). In addition to its cancer-promoting ability,
fumonisin B, (FB,; Figure 1), the major compound, also
exhibits toxic effects in rats similar to that of the culture
material of F. moniliforme MRC 826 (Gelderblom et al.,
1988a). Recently Marasas et al. (1988b) induced the equine
neurotoxic disease leukoencephalomalacia (LEM) in a horse
by intravenous injection of FB; isolated from strain MRC
826.

A sample of home-grown corn from a high esophageal
cancer risk area of the Transkei, southern Africa, has pre-
viously been shown to be naturally contaminated with
at least four Fusarium mycotoxins, i.e. moniliformin,
zearalenone, deoxynivalenol, and fusarin C (Thiel et al.,
1982; Gelderblom et al., 1984b). This paper details the
chemical analysis of this corn sample for the presence of
FB,.

EXPERIMENTAL SECTION

Analytical Standards. FB, was extracted from F. monii-
iforme MRC 826 as previously described (Gelderblom et al.,
1988a). The purity of the analytical standard was assessed by
thin-layer chromatography (TLC; see TLC analyses). Visual
inspection of the plate showed the presence of a minor contam-
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