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Evidence for the Natural Occurrence of Fumonisin B1, a Mycotoxin 
Produced by Fusarium moniliforme, in Corn 

Eric W. Sydenham,' Wentzel C. A. Gelderblom, Pieter G. Thiel, and Walter F. 0. 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 e t  al., 1984b). Various strains of the fungus are known 
to be highly toxic (Kriek e t  al., 1981a,b) and carcino- 
genic (Marasas e t  al., 1984a; Jaskiewicz e t  al., 1987) in 
animals. Since F. moniliforme has been associated with 
human esophageal cancer risk in the Transkei, southern 
Africa (Marasas, 1982; Marasas e t  al., 1981, 1988a) and 
in China (Li e t  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 e t  al., 
1984a; Gaddamidi e t  al., 1985). However, the lack of car- 
cinogenicity of fusarin C (Gelderblom e t  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 initiationfpromotion 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 
e t  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 e t  al., 1988) from culture material 
of F. moniliforme MRC 826, previously shown to be hepa- 
tocarcinogenic to rats (Marasas e t  al., 1984a; Jaskiewicz 
e t  al., 1987). In addition to its cancer-promoting ability, 
fumonisin B, (FB,; Figure l ) ,  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 e t  al., 1984b). This paper details the 
chemical analysis of this corn sample for the presence of 
FB,. 

EXPERIMENTAL SECTION 

Analytical Standards. FBI was extracted from F. monil- 
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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and 1 mL for GC) were further purified by application to a 
Sep-Pak C,, cartridge, washing with CH,OH-H,O (1:3, 10 mL), 
and eluting the toxin with CH,OH-H,O (3:1,10 mL). The elu- 
ate was evaporated to dryness. 

2. TLC Analysis. Aliquots of the purified sample extracts 
(in CH,OH-H,O, 1:3) were spotted on Silica Gel 60 TLC plates 
(Merck). The plates were developed in CHCl,-CH,OH- 
CH,COOH (6:3:1), dried, sprayed with a solution of 0.5% p- 
anisaldehyde in CH30HCH,COOH-H,SO, (8531035, v/v), heated 
for 5 min at 110 "C, and visually inspected. FB, showed as a 
brown-purple spot with an R, -0.25. 

3. Maleyl Derivatization and High-Performance Liquid 
Chromatographic (HPLC) Analyses. The purified extracts were 
maleylated and analyzed by HPLC according to the method of 
Siler and Gilchrist (1982), with minor modifications. Briefly, 
the purified extract residues were dissolved in 0.05 M Na,CO, 
(pH 9.2,5 mL) and treated with an excess of 1 M maleic anhy- 
dride solution in dioxane (3 X 10 pL), while the pH was adjusted 
to 9 with 0.1 M NaOH, following each addition of maleic anhy- 
dride. Following a reaction time of 10 min, the mixture was 
adjusted to between pH 6 and 7 with use of 0.1 M HC1. The 
derivatized extracts were then evaporated to dryness at 50 OC 
and redissolved in CH,OH-H,O (l:l, 2 mL). HPLC separa- 
tions were performed on a C,, reversed-phase column using a 
Waters Model 510 pump, and the UV absorption of the eluate 
was monitored with a Waters 481 variable-wavelength detec- 
tor. The detailed chromatographic conditions are summarized 
in Table I. Data were collected with a Waters 745 data mod- 
ule, and quantitative determination of FB, was by comparison 
of the peak areas in the samples to that of the peak area of a 
similarly derivatized FB, standard. Sample extracts spiked with 
FB, were similarly chromatographed. 

4.  Extraction, Fluorescamine Derivatization, and HPLC 
Analysis. Samples of corn (25 g) were extracted with CH,OH- 
H,O (3:1, 50 mL) by shaking for 30 min. The extracts were fil- 
tered, and a 5-mL aliquot of the filtrate was evaporated to dry- 
ness at 50 "C. The residue was partially redissolved in CH,OH- 
H,O (7:3, 1 mL) and fully solvated following the addition of 
CH,OH (1 mL). The solution was transferred to  the top of a 
prepared chromatographic column (10-mm i.d.) containing acti- 
vated silica gel (2 g, 70-230 mesh; Merck) suspended between 
two layers of anhydrous Na,SO, (1 g), in CH,OH. The column 
was washed with CH,OH (15 mL), the toxins were eluted with 
0.1% CH,COOH-CH,OH (20 mL), and the eluate was evapo- 
rated to dryness. The purified residues were redissolved in 0.05 
M NaHCO, (pH 8.6, 1 mL), and an aliquot (25 pL) was diluted 
to 500 pL in a plastic microfuge tube (1.8-mL capacity) with 
the same NaHCO, solution. While vortex mixing, fluorescam- 
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Figure 1. Chemical structure of fumonisin B,. 

inant at a slightly higher R value to that of the FB, spot, in 
the position of fumonisin d, (FB,), another fumonisin myco- 
toxin whose chemical structure has still to be verified. When 
compared with the FB, used by Gelderblom et al. (1988a), the 
purity of the analytical standard used in this investigation was 
found to be >92%. 

Tricarballylic acid (1,2,3-propanetricarboxylic acid, TCA) was 
purchased from Fluka Chemicals, Buchs, Switzerland. Only one 
component could be detected by capillary gas chromatography- 
flame ionization detection (GC-FID) analysis of the esterified 
derivative of this standard. 

Fungal Culture. Corn cultures of F. moniliforme MRC 826 
were incubated for 2 weeks at 25 "C followed by 2 weeks at 15 
O C  after which they were freeze-dried, ground, and stored at 4 
O C  prior to analyses (Gelderblom et al., 1984b). 

Corn Samples. A sample of moldy corn ears of the 1978 
crop was obtained from a farm in the Butterworth district, Tran- 
skei, during July 1978 (Thiel et al., 1982). Visibly Fusarium 
infected ears were selected and hand-shelled. The kernels (a 
mixture of Fusarium-infected kernels, healthy kernels, and ker- 
nels infected with other fungi) were retained as sample M-84 
(Thiel et ai., 1982; Gelderblom et al., 1984b). Two subsamples, 
one containing predominantly healthy kernels, and the other 
predominantly Fusarium-infected kernels, were selected from 
sample M-84 and retained as samples M-84/C and M-84/F, 
respectively. Hand-selected kernels from first-grade, commer- 
cial South African corn together with a sample of commercially 
available corn meal were used as control samples. Each sam- 
ple was ground and stored at 4 "C prior to analyses. 

Chemical Analyses. 1. Extraction. Samples of corn (25 
g, 5 g for culture samples) were extracted with CH,OH-H,O 
(3:1, 50 mL), by blending for 5 min and filtering. A 25-mL ali- 
quot of the filtrate was evaporated to dryness at 50 "C, dis- 
solved in CH30H-H,O (1:3, 25 mL), and partitioned with 
CHCl, (2 X 50 mL). The aqueous phase was evaporated to 
dryness and resuspended in CH30H-H,O (1:3, 10 mL, 50 mL 
for culture samples). Aliquots of these extracts (2 mL for HPLC 

Table I. Chromatographic Conditions for the HPLC and GC Analyses of Fumonisin B, (FB,) and Tricarballylic Acid (TCA) 
Derivatives 

maleyl fluorescamine esterified TCA 
parameter deriv of FB, deriv of FB, 

chromatographic 
procedure 

column 

mobile phase 

flow rate 
injection vol, pL 
splitless (on time), min 
injector temp, "C 
detector temp, O C  

temp profile 
init temp, "C 
final temp, "C 
rate, "C min-' 

detector fuel gases 

detector wavelengths, 

detector sensitivity 
mass range, m/z  

nm 

HPLC/UV HPLC/fluorescence 

Waters Novapak CIS (4 pm), 
150 mm X 4.6 mm (id.) 

Phenomenex Ultracarb 
ODS 30 (7 wm), 
250 mm X 4.6 mm (i.d.) 

0.05 M KH,PO.-CH,OH 0.1 M acetate buffer 
( 3 7 ,  pH 3.5)- (pH 4.0)-CH3CN (1:l) 

1 mL/min 1 mL/min 
5 or 10 20 

230 

0.010 AUFS 

390 (excitation), 
475 (emission) 

20-nm slit width 

GC-FID 

DB-5 (0.25-pm film), 
30 m X 0.32 mm (i.d.) 

helium 

35 cm/s 
1 
0.5 
140 
280 

50 or 3 min 
280 
15 
air, 300 mL/min; 

H,, 30 mL/min 

27 

GC-MS (EI) 

DB-5 (0.25-pm film) 
60 m X 0.32 mm (i.d.1 

helium 

30 cm/s 
1 
0.5 
140 
280 

70 for 1 min 
280 
15 

50-350 



Natural Occurrence of Fumonisin B, 

Table 11. Levels (pgIg)  of Fumonisin B, (FB,) and Tri- 
carballylic Acid (TCA) Assayed as Their Maleyl and Butyl 
Ester Derivatives, Respectively 

TCA calcd as 
due to FB, 

FB, measd as (maleyl TCA measd as 
sample" maleyl derivb deriv results) Bu ester derive 
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B C 

hand-selected <10d <4.9 <0.5 

commercial < lo  <4.9 13 
control corn 

corn meal 
M-84/C <10 <4.9 21 
M-84 44 22 101 
M-84/F 83 41 164 
MRC 826 9280 4530 6400 

a Key: M-84/C = healthy corn kernels; M-84 = moldy corn ker- 
nels; M-84/F = Fusarium-infected corn kernels; MRC 826 = cul- 
ture material of F. moniliforme MRC 826. Determined by HPLC/ 
UV; detection limit approximately 10 fig/g. e Determined by GC- 
FID; detection limit 0.5 pg/g. Subsequent analysis indicated that 
this was a contaminant peak eluting in the position of FB,. 

0.009 

0.006 

0.002 

0.000 c 

A 

I , , I I I  I , , , , ,  

0 2 L 6 8 1 0  0 2 L 6 8 1 0  
Time 

Figure 2. HPLC chromatogram of (A) the maleyl derivative 
of sample M-84 and (B) a similarly prepared extract of hand- 
selected corn kernels showing the Dresence of a contaminant 
peak (*), which elutes in the &rom&ographic position of fumo- 
nisin B, (FB,). 

ine (50 pL, 2 mg/100 pL of acetone; Aldrich) was added to the 
tube. Mixing was continued for 1 min, and the mixture was 
then centrifuged for 1 min at 900Og. Aliquots (20 pL) of the 
derivatized extracts were separated by reversed-phase HPLC 
(Table I) using a Waters 510 pump coupled to a Perkin-Elmer 
650s fluorescence detector. 

5. Hydrolysis, Derivatization, and Gas Chromatographic 
Analyses. Purified sample extracts were hydrolyzed (under 
N2) with 6 M HCl (2 mL) at 95 "C for 3 h. Each sample was 
then cooled and an aliquot of each subjected to esterification 
and acylation according to the method of Labadarios et al. (1984). 
Briefly, an aliquot (500 pL) of each hydrolysate was trans- 
ferred to an appropriate tube, and the excess acid was removed 
by freeze-drying under reduced pressure. Esterification of the 
residue was performed under nitrogen with isobutyl alcohol con- 
taining 3 M HCl (250 pL) and heated at  100 "C for 45 min. 
The acidified isobutyl alcohol was removed by freeze-drying under 
reduced pressure and the residue acylated with heptafluorobu- 
tyric anhydride (100 pL) by heating for 10 min (under nitro- 
gen) at  150 "C. The samples were then cooled in ice, freeze- 

A 

0 6 12 1 8 0  6 12 18 0 6 12 18 

TLe 

Figure 3. HPLC chromatogram of (A) the fluorescamine deriv- 
ative of 65 ng of fumonisin B, (FB ), (B) a similarly prepared 
derivative of sample M-84/F, and $2) the same sample extract 
spiked with derivatized FB,. 

A 

TCA + 
I 

x I1 ' 

B 

TCA 

.) 

0 2 4 6 8 10 12 1.4 16 18 20 22 
Time 

Figure 4. Capillary GC chromatogram of (A) a hydrolyzed- 
esterified extract of M-84/C showing a peak eluting at  18.3 min 
and (B) the same sample extract spiked with esterified tricar- 
ballylic acid (TCA). 

dried, and dissolved in ethyl acetate (100 pL). Capillary gas 
chromatographic separations of 1-pL aliquots of each deriva- 
tized hydrolysate were performed on an apolar capillary col- 
umn connected to a Carlo Erba Mega 5300 gas chromatograph 
fitted with a flame ionization detector and a Waters 145 data 
module. The prevailing chromatographicconditions are out- 
lined in Table I. Each sample was analyzed in triplicate, and 
samples spiked with FB, were similarly treated. Quantitative 
determinations were done by comparison of the peak areas of 
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m.2 

Figure 5. (A) Total ion chromatogram (TIC) of esterified tricarballylic acid (TCA) showing a major peak eluting at 17.1 min, (B) 
the mass spectrum (MS) of esterified TCA, (C) TIC of a hydrolyzed-esterified extract of M-84/F also showing a major peak at 17.1 
min, and (D) MS of the peak eluting at 17.1 min shown in (C). 

the derivatized TCA moiety, against a calibration curve of sim- 
ilarly derivatized TCA standards (found to be linear over the 
range 25-150 ng). Capillary gas chromatographic-mass spec- 
trometric data of the TCA butyl ester peak present in the sam- 
ples were obtained on a Finnigan MAT 4500 gas chromatograph- 
mass spectrometer under the conditions specified in Table I. 

RESULTS AND DISCUSSION 

Extracts of a fungul culture (F. moniliforme MRC 826), 
two samples of control corn, and the three Transkeian 
corn subsamples were prepared and analyzed by HPLC 
for the presence of FB,, as its maleyl derivative. The 
results generated are given in Table 11. The chromato- 
gram obtained from a 5-pL aliquot of a corn sample extract 
(M-84), as its corresponding maleyl derivative, is shown 
in Figure 2A. Base-line separation of the FB, peak was 
not possible due to the presence of substrate matrix inter- 
ferences. 

Figure 2B shows the chromatogram obtained from a 
10-pL aliquot of an extract of hand-selected control corn 
kernels as the maleyl derivative. While the degree of 
matrix interference is much lower than that observed in 
Figure 2A, a small peak was observed at  the chromato- 
graphic position of FB, (corresponding to <10 pg/g of 
FB,; Table 11). A similar peak was also observed in the 
sample of commercially available corn meal as well as in 
extracts of three other control corn samples (data on the 
latter samples are not included). The presence of this 
peak in several control corn samples indicated the pos- 
sibility that it was an interfering compound found intrin- 
sically in corn. 

Therefore, a number of matrix-related factors clearly 
demonstrate the limitations of the maleyl derivative pro- 
cedure for the determination of FB, in naturally contam- 
inated corn samples. Using the maleyl derivative proce- 
dure, the average corrected recovery (in triplicate) of 

FB, from hand-selected control corn spiked at  100 pg/g 
was found to be 66.3% with a standard deviation of 1.4%. 

Further evidence for the presence of FBI was obtained 
by the extraction, fluorescent labeling, and chromato- 
graphic separation of extracts of the Transkeian corn sam- 
ples. Figure 3A shows the chromatogram of a fluores- 
camine-derivatized FB, s tandard,  where two well- 
resolved peaks may be seen a t  the retention times of 14.3 
and 16.5 min, respectively. Figure 3B shows the chro- 
matogram obtained from a similarly derivatized extract 
of sample M-84/F, and Figure 3C, the same extract spiked 
with derivatized FB,. HPLC separation of a preformed 
fluorescamine-primary amine complex often results in 
dual peaks for primary amines, as was the case for FB, 
(Figure 3A). These peaks result from the formation of 
the acid alcohol and the lactone derivatives of the fluo- 
rescent complex both exhibiting identical fluorescent char- 
acteristics (Perrett, 1985; Rosenthal, 1985). Due to the 
necessity for optimization, this fluorescamine derivatiza- 
tion method could not be used quantitatively, and hence, 
its application to the naturally contaminated corn sub- 
samples merely yielded supportive evidence for the pres- 
ence of FB,. 

Only a single peak could be detected by GC-FID in a 
hydrolyzed, esterified, and acylated FBI standard, under 
the conditions outlined in Table I (GC-FID data). Ester- 
ification of an aliquot of the FB, hydrolysate (without 
the subsequent acylation step) resulted in the detection 
of the same chromatographic peak. This peak was also 
observed in an esterified derivative of an authentic TCA 
standard. These observations suggested that the FB, had 
been successfully hydrolyzed but that in the process only 
the esterified TCA moiety could be detected and not the 
anticipated aminopentol moiety. 

By the hydrolysis/esterification procedure, the levels 
of the TCA moiety present in each sample were deter- 
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mined and the results are given in Table 11. Figure 4A 
shows the GC-FID chromatogram obtained from a hydro- 
lyzed-esterified extract of M-84/C, while in Figure 4B 
the same extract spiked with similarly esterified FB, stan- 
dard is illustrated. A well-resolved peak corresponding 
to the isobutyl ester of TCA can be observed at  a reten- 
tion time of 18.3 min (Figure 4A,B). 

In order to verify the identity of the TCA moiety present 
in the Transkeian corn samples, hydrolyzed-esterified 
extracts of each sample were analyzed by GC-MS (chro- 
matographic conditions are given in Table I). Figure 5A 
details the total ion chromatogram (TIC) of the esteri- 
fied TCA standard, with a single peak eluting at  a reten- 
tion time of 17.1 min, the mass spectrum (MS) of which 
is shown in Figure 5B. Figure 5C displays the TIC of 
the hydrolyzed-esterified extract of M-84/F, where a well- 
defined peak can also be seen a t  17.1 min. The MS of 
this peak is given in Figure 5D. The excellent agree- 
ment between the two spectra (Figures 5B,D) verified 
the presence of TCA in the hydrolyzed-esterified extract 
of the Transkeian corn sample. 

The TCA contribution due to the FB, (determined as 
its maleyl derivative), present in each sample, was cal- 
culated, and the results are given in Table 11. The lev- 
els of TCA determined experimentally (by GC-FID) were 
invariably higher in each sample than the corresponding 
TCA content contributed by the FB,. In the case of the 
hand-selected control sample, the peak observed in the 
chromatographic position of FB,, as its maleyl deriva- 
tive (Figure 2B) was undoubtedly a contaminant peak 
since no corresponding TCA was detected in the sample. 
Since a similar sized peak was also observed in the male- 
ylated extracts of the commercial corn meal and M-84/ 
C samples, the levels of TCA determined experimentally 
in these samples could not be directly attributed to the 
presence of FB,. 

The fact that  the TCA levels in five to six samples 
were higher than could be explained by the presence of 
FB, was not unexpected, as it has already been shown 
that TCA-containing compounds other than FB, (such 
as fumonisin B,; FB,) are produced by F. moniliforme 
(Gelderblom et al., 1988a). In the case of the MRC 826 
culture material, the FB, accounted for >70% of the total 
TCA detected experimentally in the hydrolyzed-esteri- 
fied extract, which agrees with the observation that FB, 
is the major fumonisin produced by this fungus in cul- 
ture (Gelderblom e t  al., 1988a). In samples M-84 and 
M-84/F, FB, contributed less to the total TCA than in 
the culture material, implying that more of the other fumo- 
nisins were present in these samples. Attempts to con- 
firm the presence of FB, and other related fumonisins 
(FB, and FB,) in extracts of the Transkeian corn sam- 
ples by TLC were inconclusive, since the detection limit 
of the method (500 pg/g for each toxin) was far higher 
than the levels present in the samples. 

None of the chromatographic methods presented should 
be considered as fully developed analytical procedures 
for the determination of FB, in corn. However, the appli- 
cation of three chromatographic procedures to a natu- 
rally contaminated sample provided conclusive evidence 
for the presence of FB, in corn. This evidence suggests 
that  humans in an area of the Transkei, southern Africa, 
may well be exposed to the cancer-promoting F. monil- 
iforme mycotoxins, the fumonisins. 

Subsequent to the acceptance of this publication, Voss 
e t  al. (1989) reported the cooccurrence of FB, and FB,, 
in two corn samples associated with outbreaks of equine 
LEM in the United States. 
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ABBREVIATIONS USED 

DEN, diethylnitrosamine; FB,, fumonisin B,; FB,, fumo- 
nisin B,; FB,, fumonisin B,; GC-FID, gas chromatogra- 
phy-flame ionization detection; GC-MS, gas chromatog- 
raphy-mass spectrometry; HPLC, high-performance liq- 
uid chromatography; LEM, leukoencephalomalacia; MS, 
mass spectrum; TCA, tricarballylic acid; TIC, total ion 
chromatogram; UV, ultraviolet. 
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Avermectin B1, Metabolism in Celery: A Residue Study 

H. Anson Moye,*St Marjorie H. Malagodi,t Jau Yoh,+ Cynthia L. Deyrup,t Shou Mei Chang,’ 
Gary L. Leibee,* Chia C. Ku,§*l  and Peter G. Wislockis 

Pesticide Research Laboratory, Department of Food Science and Human Nutrition, University of Florida, 
Gainesville, Florida 32611, Central Florida Research and Education Center, Institute of Food and Agricultural 

Science, University of Florida, Sanford, Florida 32771, and Department of Animal Drug Metabolism, Merck 
Sharp & Dohme Research Laboratories, Three Bridges, New Jersey 08887 

Radioactivity equivalent to less than 4 %  of the total avermectin B,, applied to mature and imma- 
ture celery as a mixture of unlabeled and [14C]- or [3H]avermectin B,, remained in harvested plants. 
The half-lives of radiolabeled avermectin B,, residues as measured by the dissipation of total 3H 
radioactivity from celery parts ranged from 5.2 to 12.9 days in celery treated a t  0.01 and 0.10 lb of 
AI/acre. The percentage of total radioactivity in celery parts readily extractable with acetone (range 
of 57.8-97.1 % ) generally decreased with increasing postharvest intervals. High-performance liquid 
chromatography of acetone extracts of celery leaves and stalks produced four discernible peaks of 
radioactivity, designated as polar metabolites, moderately polar metabolites, avermectin B,,, and the 
As,’ isomer of avermectin Bla. The percentage of acetone extract radioactivity represented by polar 
metabolites generally increased with increasing postharvest intervals. 

Abamectin (MK-0936) is a macrocyclic lactone pesti- 
cide that has been under investigation as an acaricide/ 
nematicidelinsecticide in citrus, orchard, and field crops 
(Price, 1983; Schuster and Everett, 1983; Wright, 1984; 
Reed et  al., 1985; Burts, 1985). It is being developed as 
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a miticidelinsecticide to control imported red fire ants 
and several phytophagus pests on horticultural and agro- 
nomic crops. The use of this compound to control the 
leaf miner (Liriomyza sp.) in celery is currently pro- 
posed, and the results of this study present data rele- 
vant to such use. Avermectin B,, (AVM-B,,) is the major 
component of abamectin (MK-0936). The specific objec- 
tives of the present study were (1) to determine the dis- 
sipation rate of this major component from radiolabeled 
AVM-B,,-treated immature and mature celery plants and 
(2) to  examine the metabolism of AVM-B,, by imma- 
ture and mature celery plants grown in pots under field 
conditions after multiple applications. 
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