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INTRCDUCTICW 

Fenitrothion [0,0-dinethyl-0-(4-nitro-m-totyl) phosphorothioate] 

■ 

is a widely used organcphosphorus pesticide because of its lew mammalian 

toxicity and biological selectivity. It has beccne the major replacement 

for EDT in protecting Canadian forests against the ravages of spruce bud-

worm, application of the insecticide by aircraft at an operational dosage 

of 0.14 to 0.28 kg/ha (2 to 4 02 A.I./acre) in spring, prevented defoliation 

by the insect pest, without causing serious ecological damage (Buckner 1974). 

Because of its wide usage in forestry since 1968 (Fettes 1968) , extensive 

research has been stirtulated concerning its effect on various nontarget 

species of fauna inhabiting the forest and exposed to the toxicant. In 

recent years the loss of honeybees {Apis mellifeva L.) due to insecticides 

applied for forest pest ccntrol has become a serious problem (Atkins et at 

1970) . Information on the effect and hazards of fenitrothian to honeybees 

applied under operational conditions for budworm control are not readily 

available. This report errbedies the results and observations made in an 

extensive three-year study program undertaken in 1972 to determine the 

effect of fenitrothion applied by aircraft at operational levels on honey 

bees and its residues, if any, in 122 honeybee, pollen, beeswax and heney 

samples collected from sprayed forest areas in the provinces of Ontario 

and Quebec. 



MATERIAIS MiD METHODS 

Honeybees and their Products 

The honeybees and their products used in the present investigation 

were collected frcm hives kept in forest areas of Ontario and Quebec sprayed 

with fenitrothion and supplied by C.H. Buckner and B.B. McLeod of this 

Institute. 

f 

Analytical Methods 

Fenitrothion residues, its oxygen analog and its cresol hydrolysis 

product were determined in the collected samples according to the analytical 

methodology recently developed at this Institute (Sundaram 1974a). The 

essential steps involved are the extraction of the substrates with ace-

tonitrile followed by hexane partition and charccal-Celite column cleanup. 

The parent compound and the metabolites were separated by differential 

elution using a deactivated silica-gel column and the fenitrothion and the 

oxon analysed by gas-liquid cltromatography (GDC) with a flame photometric 

detector sensitive to phosphorus and the cresol with a Ni-63 electron 

capture detector. The volumes of acetonitrile extractant used were adjusted 

according to the mass of the bees and their products used in the analysis. 
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RESULTS AND DISCUSSION 

Residues of fenitrothion and its metabolites found in the 

- various bee samples and theix products collected frcm control and 

sprayed sampling sites in Ontario and Quebec since 1972 are given 

in Tables 1 to 17. The concentration of the samples is expressed 

in units of ppm "as sampled" under forest conditions including 

moisture content etc. as variables. 

Bee samples collected frcm Lamacaza (P.Q.), soon after the 

r first application of fenitrothion in early May 1974 (Table 1), did 

not contain detectable levels (> 0.02 ppm) of the insecticide but 

after an interval of 2 days (48 hrs), the dead bees showed a level 

of 0.04 ppm of fenitrothion. After the second application in early 

June, the bees sampled 27 hours later, shaved a maximum of 0.42 ppn 

which dissipated rapidly to 0.04 ppm within two days. Not all the 

samples analysed contained detectable levels of fenitrothion and none 

of than h£;d any oxon or the cresol metabolite. Sane of the live 

bee samples collected at different intervals of time after the two 

spray applications contained 0.08 to 0.02 ppm of fenitrothion. The 

single bee sample received frcm Dieppe, N.B. contained 0.13 ppm of 

fenitrothion indicating that the bees were exposed to the 

insecticide spray. No fenitrothion and its oxygen analog were 

found in the Shawville (P.Q.) bee samples (Table 3); it is likely 

that these samples were collected from sites which were relatively 

isolated from insecticide application. 

r 
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Atto-icj the bee (Table 4) and pollen (Table 5) samples 

analysed during the 1973 summer spray program at Larose Forest, only 

one bee sample out of the six analysed contained fenitrothion 

(0.03 ppm); others did not contain either the toxicant or its oxidation 

product in measurable amounts. Six out of the nine pollen samples 

collected frcm the hives kept in the sprayed area contained lew but 

detectable amounts of fenitrothion ranging from 0.044 to 0.001 ppm. 

An indepth and extensive study on the residue levels and 

persistence of fenitrothion in honeybees and their products was 

carried out during the 1972 sunmer spray program at Lsrose Forest 

and the results are recorded in Tables 6 to 17. An examination of 

the data shews that none of the prespray samples of bees (Tables 6 

and 7), pollen (Tables 9 and 10), honey (Tables 12 and 13) and beeswax 

(Tables 15 and 16) contained any detectable amounts of fenitrothion 

residues. The check samples of bees and pollen collected from the 

control hive (CH) at the intervals of zero to tvo days {Tables 8 and 

11) after the treatment, contained negligible amounts (0.005 ppm to 

traces, i^e_. < 0.005 ppm) of fenitrothion. Samples of bees and their 

products collected frcm hives kept in the sprayed plot BR (Bee Range) 

86 and 224 contained only the parent compound, the oxon and cresol 

metabolites were not detectable in any of the samples studied. 

The initial fenitrothion concentration of the bee samples 

collected on day zero frcm the hive BR-86 was 2.080 ppm compared to 

the 0.405 ppm in bees from hive BR-224. Generally the insecticide 

levels were low in hive BR-224 compared to hive BR-86. The results in 
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Table 6 and 7 shew that the dissipation rate of the insecticide in both 

hives was high. This indicates that the half-life of the insecticide 

in bees was short {Ibrahim et al 1971). 

The recoveries of fenitrothion residues from pollen (Tables 

9 and 10) showed only the parent compound detectable; no oxon nor cresol 

were found. The residue levels in pollen were comparatively high in 

hive BR-224 showing a maximum amount of 0.175 ppra on the fifth day 

and persisting in near trace amounts (0.010 ppm) up to 29 days whereas 

in hive BR-86, the highest concentration was 0.015 ppm observed on the 

first day which disappeared within a week. Trace amounts of fenitrothion 

were found in the pollen samples collected from the control hive (Table 

" ID. 
Prespray samples of honey collected from all three hives 

(BR-86, BR-224 and CH) did not contain any fenitrothion whereas the 

postspray samples collected 49 days after treatment from BR-86 and 29 

days from BR-224 contained only traces (< 0.005 ppm) of the toxicant 

(Tables 12-14). 

The postspray samples of wax collected from the hives in 

the same periods as the honey, contained low (0.055 ppm in BR-224 and 

0.005 ppm in BR-86} but detectable amounts of fenitrothion. Relatively 

Flow amount of the insecticide was (0.005 ppm) found in hive BR-86 

after the long interval (49 days) of post-treatment. 

The data presented in this report show that fenitrothion 

was short-lived and rapidly degraded in bees. The toxic oxon metabolite 

and the hydrolytic product, 3^nethyl-4-nitrophenol, were not found in 

bees and their products investigated. It is likely, as observed in 
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other insects in presence of similar orqanophosphorus insecticides 

(lewis 1969, I<ewis and Lord 1969, Miyamoto 1969, O'Brien 1960, 1967), 

that honeybees prcbably detoxify fenitrothion rapidly by hydrolytic 

routes to desirethyl derivatives (derrethylation by phosphatase enzymes) 

yielding phosphorothioic acids as the terminal product instead of the 

anticipated oxidative desulfuration mechanism forming the oxon inter 

mediate. The formation of oxon metabolite in biological systems is 

controlled by the presence and ready availability of reduced nicotine 
m 

adenine dinucleotide phosphate (NADPH2) which may be lacking in honeybees. 

fin addition to metabolic degradation, the rapid loss of fenitrothion 

in bees may have been due to various physical factors such as volatilization, 

weathering, leachinq and photolysis as observed in foliage (Yule and Duffy 

1972, Sundaram 1974b, 1974c, 1975). The dissipation and metabolic break 

down of fenitrothion in honeybees is still obscure and requires some form 

of explorative research to be done. 



TABLE 1 

Fenitrothion Residues in Honeybee Samples Collected from Lamacaza (P.Q.) 

After the First Aerial Sprav - May* 1974 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

0.04 

N.D, 

N.D. 

N.D. 

N.D. 

N.D. 

0.03 

0,02 

N.D. 

N.D. 

T 

N.D. 

N.D. 

N.D. 

N.D, 

N.D. 

N.D, 

N.D. 

N.D 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N*D. 

N.D. 

Spray Date; Hay 11, 1974 at 1930 hrs 

{Formulation: Emulsion* 2 oz A.I,/acre 

Live Bee Samples 

4-Witro-m -cresol 

+ Plot 260^3 

N.D. Wat detected 

T Traces (< 0.02 ppm) 



(Formlatlon : Emulsion, 2 02 A.T./acre 

For other explanations, see footnotes in Table 1. 



TABLE 3 

Fenitrothion Residues in 

Honeybee Samples Collected From Shawville, (?«Q.) - Summer 1974 

Sample 

Nd. 

Mass Fenitrothion 

(pern) 

Fenitro-oxon 

(ppm) 

30 

31 

32 

33 

34 

35 

36 

37* 

0.72 

0.69 

0.70 

0.67 

0.75 

0-65 

0.61 

1,40 

N.D. 

N.D 

N*D. 

N.D, 

N.D. 

N.D. 

N.D, 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

Not detected 

Control samples from LaRose Forest 

Minimum detectable limits: Fenitrothion 0*08 ppm 

Fenitro-oxon 0.03 ppm 
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TABLE 4 

Fenitrothion Residues in Honeybee Samples 

Collected from LaKose Forest - Summer, 1973 

Sample 

No. 

38 

39 

42 

43 

44 

45 

o 

i 

Abbreviatione: BR - Bee Range 

H - Hive 

C - Control Plat 

Bee samples were unavailable far analysis 

See also the footnotes in Table 1. 



TABLE 5 

Fenitrothion Residues in Pollen Samples Collected 

From LaRqae Forest During the Summer af 1973 

Sample Identification 

No. No. 

46 BR-H5 June 10 

47 BR-H5 June 14 

48 BR-H5 June 18 

49 BR-H5 June 22 

50 BR-H5 June 26* 

51 BR-H5 June 10 C 10 N.D. N.D. 

52 BR-H5 June 14 C 10 tf.D. N.D-

53 BR-H5 June 18 C 10 0.044 N.D. 

54 BR-H5 June 22 C 10 0.005 N.D. 

55 BR-H5 June 26 C 10 , N.D. N.D. 

See footnotes in Tables 1 and 4 

Minimum detectable limits: Fenitrothion 0.001 ppm 

Fenitro-oxon 0.004 ppm 

* Pollen sample was not available for analysis. 
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TABLE 6 

Fanitrothion Residues In Honeybee Samples Collected From the 

Hive ER S6 in LaRose Forest - Summer 1972 

Sample 

No. 

Days After 

Treatment 

Dead Bee 

Count 

Mass Fenitrothion 

(ppm) 

Fenitro-oxon 

Cppm) 

Cresol 

(ppm) 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

0 

1 

2 

3 

5 

7 

12 

20 

27 

49 

* Concn. is expressed in ppm "as sampled". 

** Prespray samples 

+ 4-Nitro-ra-cresol 

B*R. Bee Range 

T Traces (< 0.005 ppm) 

N.D. Not detected. 
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TABLE 7 

Fenitrothion Residues in Honeybees Collected from the 

Hive BR 224 in LaRoae Forest - Summer 1972 

See Che footnotes in Table 6. 
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TABLE 8 

Fenitrothion Residues in Honeybees Collected From the 

Control Illva in LaRose Forest - Summer 1972 

See the footnotes in Table 6. 
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TABLE 9 

Fenitrothion Residues In Pollen Samples Collected From the 

Hive BR 86 in LaRose Forest - Summer 1972 

Sample 

No. 

Days After 

Treatment 

Mass 

Cg) 

Fenitrotnion 

(ppm) 

Fenitru—oxon 

(ppm) 

Cresol 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

-1 

0 

I 

2 

4 

5 

7 

12 

20 

27 

49 

10-0 

10.0 

2.0 

2.0 

4.1 

5.0 

10.0 

3.5 

10.0 

10.0 

5.0 

N.D. 

0.005 

0.015 

0.010 

0.010 

0,005 

0.005 

T 

N.D. 

N.D. 

N.D. 

See the footnotes in Table 6. 



-I 1 

TABLE 10 

Fenitrothion Residues in Pollen Samples Collected Prom the 

Hive BR 224 in LaRose Forest - Summer 1972 

Sample 

So. 

Days After 

Treatment 

Mass 

Cg) 

Fenitrothion 

(ppm) 

Fenitro-oxon 

(ppnO 

Cresol 

(ppm) 

98 

99 

100 

101 

102 

103 

104 

0 

2 

5 

6 

7 

29 

2.0 

1.9 

2.6 

2.0 

1.9 

2.0 

5.0 

T 

0.005 

0.090 

0,175 

0.100 

0.085 

0.010 

See the footnotes In Table 6, 
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TABLE 11 

Fenitrothion Residues in Pollen Samples Collected From the 

Control Hive in LaRoae Forest - Summer 1972 

See the footnotes in Table 6. 



TABLE 12 

Fenltrothlon Residues in Honey Samples Collected from the 

Hive BR 86 In LaRosa Forest - Summer 1972 

2^-p i ^-p i P 

No. 

Days After 

Treatment 

Mass 

(g) 

Fenitrothion 

(ppm) 

Fenitro-oxon 

(ppm) 

Cresol 

(ppm) 

111 

112 

Pre-spray 

49 

10.5 

17.8 

N.D. N.D. 

H.D. 

N.D. 

N.D, 

as 

I 

See the footnotes In Table 6. 



TABLE 13 

Fenitrothion_jlesld.ues in Honey Saoip_les_ Collected from the 

Hive BR 224 in LaRose Forest - Summer 1972 

Sample 

No, 

Days After 

Treatment 

Mass FenitrothIon 

(ppm) 

Fenitro-oxon 

(ppm) 

Cresol 

(ppm) 

! 

113 

114 

Pre-spray 

29 

12.2 

9-7 

N.D. N.D. 

N.D. 

N.D. 

N.D, 

See the foot notes in Table 6. 
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TABLE 14 

Fenitrothion Residues in Honey Samples Collected From the 

Control Hive in LaRose Forest - Summer 1972 

Sample 

No. 

Days After 

Treatment 

Mass Fenitrothion 

(ppm) 
Fenitro-oxon Cresol 

(ppm) 

ro 
a 

115 

116 

Pre-spray 

49 4.2 

N.D. 

N.D* 

N.D. 

N.D. 

N.D. 

N.D. 

See the footnotes in Table 6. 
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TABLE 15 

Fenitrothion Residues in Beeswax Collected From the 

Hive BR 86 in LaSpse Forest - Summer 1972 

Sample 

No. 

Days After 

Treatment 

Mass 

(g) 
Fenitrothion 

Cppm) 

Fenitro-oxon Crescl 

(ppm) (ppm) 

117 

118 

Pre-spray 

49 

8.9 

10.8 

N.D. 

0.005 

N.D. 

N.D. 

N.D. 

N.D, 

See the footnotes in Table 6. 



TABLE 16 

Fenitrothlon Residues in Beeswax Collected From the 

Hive BR 224 in LaRose Forest - Summer 1972 

Sample 

No. 

Days After 

Treatment 

Mass 

Cg) 

Fenitrothion 

(ppm) 

Fenitro-oxon Cresol 

(ppin) 

119 

120 

Fre-spray 

29 

7.1 

4.8 

tf.D. 

0.055 

N.D, 

N.D. 

N.D. 

N.D. 

to 

See the footnotes in Table 6 



11 

TABLE 17 

Fenitrothion Residues in Beeswax Collected from the 

Control Hive in LaRose Forest - Summer 1972 

Sample 

No. 

Days Aft&t 

Treatment 

Mass 

(E) 

Fenitrothion 

(ppm) 
Fenitro-oxon Cresol 

(ppm) (ppm) 

121 

122 

Pre-spray 

49 

4.8 

7.2 

N.E. 

N.D. 

N.D. K.D. 

N.D. 

I 

See the foot notes in Tahle 6. 
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Bee, oollen, honey and wax samples mce collected from forest 

areas sprayed with fenitrothion for budworm control at the ©Derationed, 

dosane of 2 to 4 oz A.I./acre for a three-year period since 1972. 

Residues of the insecticide, its oxygen analoa and its cresol hydrolysis 

product were determined in the collected sarples after extraction with 

acetonitrile followed by hexane partition and charcoal-Celite coluim 

cleanup. The parent compound and the metabolites were separated by 

differential elution usinq a deactivated silica-gel colum and the 

fenitrothion and the oxon, determined by GLC with a flare photometric 

detector sensitive to phosphorus and the cre=ol with a Ni 63 electron-

capture detector. No oxen or crcsol derivatives of the parent compound 

were present in any of the substrate samples analysed with the rtethod 

allowing ireasur'yrent of residues as low as 0.005 ppm. The level of 

fenitrothion in bees was not hiqh (Maximum 2.0RO ppm) and decreased 

rapidly to traces within a week. Fenitrothion levels in pollen were very 

snail and declined less rapidly than in bees. Accurrrulation of the toxicant 

in honey and wax sanples were neqligifclv snail, but traces of the insecti 

cide seens to persist in wax for some tire. The results indicate that 

the .1 nsecticide is lost rapidly from bee samples primarily by physical 

means and to a lesser extent by chemical, and bio-deqradation. 
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