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Temephos, ( 0 , 0 , 0 ' , 0 ' -  te t ramethy l ,O ,O ' - th iod i -p -pheny lene  phospho- 
r o th i oa te , )  is  an organophosphate i nsec t i c i de  commonly used for  
contro l  of mosquito larvae.  In F lor ida dur ing 1983, 10,416 L 
of Abate 4E | an emu ls i f i ab le  concentrate formulat ion of temephos, 
were appl ied (FAMA 1983). App l ica t ions  of temephos as a mosquito 
l a r v i c i d e  are often made in remote areas where the s ize and depth 
of the ponds are estimated by aer ia l  reconnaissance. Also, in many 
cases, the ponds are covered by a t ree canopy that  prevents some of 
the spray from reaching the water. The intended app l i ca t ion  ra te ,  
commonly one f l u i d  ounce/acre (73 mL/ha), is therefore ra re ly  
ve r i f i ed  in the ta rget  areas. 

The purpose of t h i s  study was to measure the concentrat ions of 
temephos in the water so that  the app l i ca t ion  rates could be 
confirmed. This paper reports the resu l t s  obtained from residue 
analys is  of water from two stagnant ponds fo l low ing  actual f i e l d  
app l i ca t ions  of l a r v i c i d e  by he l i cop te r  at t reetop level  in South 
F lo r ida .  S i te  I was less than 0.05 ha in surface area, less than 
I0 cm deep, and completely covered by a t ree canopy. S i te  2 was 
greater than 0.5 ha in surface area, less than i0 cm deep and the 
canopy was open in the middle. 

A number of i nves t i ga to rs  have measured temephos residues in water 
a f t e r  sprays and the rate of disappearance of temephos from these 
waters. Sanders et a l .  (1981) reported concentrat ions ranging 
from 0.15 ug/L to 10 ~g/ l  in small f reshwater ponds 24 h a f te r  
app l i ca t i on .  Henry et a l .  (1971) measured temephos concentrat ions 
a f t e r  s imula t ing  sa l t  marsh app l i ca t i on  rates (26 to 131 ~g/L) 
and reported disappearance rates as a func t ion  of temperature. 
Our resu l ts  are s i m i l a r  to the resu l t s  of Henry et a l .  (1971) and 
can be used to approximate the actual app l i ca t i on  ra tes.  
Several methods have been employed fo r  analys is  of temephos residues 
residues in water samples: Henry et a l .  (1971) and Otsuki and 
Takaku (1969) used high-pressure l i q u i d  chromatography (HPLC); 
Wright et a l .  (1967), Dale and Miles (1969), Miles et a i . (1976) ,  
Bowman et a l .  (1968), and Shafik (1968) used gas - l i qu id  chroma- 

* Correspondence and rep r i n t  request.  

308 



tography (GLC). These methods generally used organic solvent 
extraction pr ior to analysis of temephos residues. 
Our method is a combination of several of these methods, and 
includes capi l lary gas chromatography with electron-capture de- 
tect ion with a new s i l ica-gel  cleanup method of Lores et al .  
(1984). Selected samples were confirmed with HPLC. 

MATERIALS AND METHODS 

A Hewlett-Packard 5730 gas chromatograph, equipped with an 
electron-capture detector and a spl i t /spl i t less capillary inlet 
system operated in the splitless mode, was used for analysis of 
temephos residues. A 15 m x 0.32 mm i.d. fused si l ica capillary 
column with a 1 micron Durobond DB-1 | film thickness was used for 
separations. The oven was programmed from 275 to 320 ~ C at 4 
~ with an 8 min hold at 320 ~ C. The temephos residues were 
quantitated by a Hewlett Packard 3357 computer using an internal 
standard method with fenvalerate as the internal standard. The 
carrier gas was helium and the head pressure was 10 psi. The 
analysis was confirmed with a Waters high-pressure liquid chroma- 
tograph equipped with a Model 4000A pump and a WISP | injection 
system, a radial compression module, and a Model 440 UV absorbance 
detector operated at 254 nm and 0.01 absorbance units ful l  scale. 
The column was a Radial-Pak | 5 micron C-8 cartridge; the mobile 
phase, 80% methanol and 20% water at a flow rate of 4 mL/min. 
The injection volume was 100 ~L (1.0 ng/~L standard). 

Water samples were collected in 1.0-L borosilicate glass bottles 
(Wheaton), 2 mL each of mineral oil and 30% formalin were added, 
the samples shaken, stored in styrofoam containers packed with 
ice, then transported to the laboratory where extraction was 
completed within 24 h. Water samples were extracted twice with 
100 mL aliquots of petroleum ether by shaking for 1 minute in a 
2-L separatory funnel. The solvent was dried by passing i t  
through a funnel containing heat-treated glass wool (600 ~ C) and 
collected in a 500 mL Kuderna-Danish evaporator f i t ted with a 
three-ball Snyder column and a 25-mL concentrator tube. The 
solvent was evaporated on a steam cabinet to 10 mL then con- 
centrated to 1.0 mL with a gentle stream of nitrogen at 35 ~ C. 

Silica gel was stored at 130 ~ C, deactivated by addition of 20% 
(w/w) dist i l led water, and tumbled on a roto rack for 2 h prior 
to use. Cleanup columns were prepared by adding 3.5 g of 
deactivated si l ica gel, followed by 2.0 g of anhydrous sodium 
sulfate (granular), to a 200 mm x 9 mm i.d. Chromaflex column 
(Kontes Glass Co., Vineland, NJ) plugged with glass wool. 
Columns were washed with 10 mL of 1% (v/v) acetic acid in 
hexane. Since the mineral oil extracted from the samples tended 
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to i n h i b i t  f low through the column, each sample concentrate was 
t rans fe r red  to the column by using I0 mL of 1% acet ic  acid in 
hexane fol lowed by two 1 mL washes. Columns were then e lu ted 
wi th  20 mL of 5% ethyl  ether in hexane fol lowed by 20 mL of 10% 
ethy l  e ther  in hexane. Temephos e luted in the 10% ethyl  ether 
f r ac t i on  and was concentrated to 1.0 mL wi th a gent le stream of 
n i t rogen .  Samples to be confirmed by HPLC were evaporated to 
dryness and redissolved in I mL of methanol p r i o r  to i n j e c t i o n .  

RESULTS AND DISCUSSION 

One of the major d i f f i c u l t i e s  encountered in t h i s  s tudy,  as in 
many f i e l d  s tud ies,  was s t a b i l i z a t i o n  of temephos residues in 
samples u n t i l  ana lys is  could be performed. Since labora tory  
f a c i l i t i e s  were unavai lab le  fo r  immediate ex t rac t i on  of residues 
at the f i e l d  s i t e ,  samples were shipped to the labora tory  by a i r  
immediately fo l l ow ing  c o l l e c t i o n .  While developing our method, 
we found that  wi thout  add i t ion  of an organic so lvent  to preserve 
the samples, recovery of temephos residues in raw seawater de- 
creased from 60-70% a f te r  24 h to less than 30% a f te r  3 days. 
Henry et a l .  (1971) concluded tha t  temephos was adsorbed rap id l y  
to organic p a r t i c u l a t e  matter ,  which was confirmed by our lab-  
oratory  tes t  since the recovery decreased rap id ly  in the presence 
of  any organic p a r t i c u l a t e  mater ia l  in the water. Since v o l a t i l e  
solvents are unsafe fo r  t ranspor t  by a i r ,  2 mL of mineral o i l  
were added as the organic mat r ix  to absorb temephos residues 
u n t i l  the samples could be returned to the labora to ry .  To prevent 
microbia l  degradat ion,  2 mL of 30% formal in were added to each 
sample. General ly samples were returned to the labora tory  w i th in  
24 h. The resu l t s  of the residue analyses are shown in  Figure I .  
At Si te I ,  which was completely covered by a t ree canopy, i n i t i a l  
concentrat ions of temephos were much lower than at Si te 2. A 
ra in approximatley 9 h a f te r  the f i r s t  spray, apparent ly washed 
the temephos residues from the t ree tops ,  s i g n i f i c a n t l y  increas ing 
residues in the water. Just a f t e r  the 48-h sample at Si te I and 
j u s t  p r i o r  to the 48-h sample at S i te  2, a second app l i ca t ion  was 
made at each s i t e  and only the 15-min post spray, samples were 
taken. S l i g h t l y  h igher concentrat ions were a t ta ined than in the 
f i r s t  spray, Si te I reaching 49 ~g/L and Si te  2 reaching 62 ~g/L. 

The recommended app l i ca t i on  rate on the label of the 4-E f o r -  
mulat ion (45% act ive  ing red ien t )  for  contro l  of mosquito larvae 
is  0.5 to 1.5 f l  oz/acre (37 to I I 0  mL/ha). Calculated residue 
concentrat ions for  the intended I oz/acre (73 mL/ha) app l i ca t i on  
rate used in t h i s  study range from 250 pg/L for  water that  is  I 
inch deep to 42 ~g/L for  waters that  are 6 inches deep. These 
ca l cu la t i ons  pred ic t  concentrat ions of temephos that  are very 
close to the measured concentrat ions found immediately a f te r  the 
sprays (Figure i ) .  

Figure 2 shows gas chromatograms from selected samples to ind ica te  
the ef fec t iveness of the cleanup procedure. Background i n t e r -  
ference in the blank was too great fo r  q u a n t i t a t i v e  measurement; 
however, a f te r  cleanup the basel ine in the chromatogram was 
much improved, a l lowing accurate q u a n t i t a t i o n .  
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Concentrations of temepbos found in water samples after larvicide 
a p p l i c a t i o n s ~  represents Site I and --  0 --  represents site 2. 
The bars represent the ranges for duplicate and t r ip l icate samples. 
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Figure 2. Capillary gas chromatograms. A) Chromatogram of blank water sample 
without cleanup. B) Chromatogram of spiked water sample without cleanup. 
C) Chromatogram of spiked water sample after cleanup, 
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During the course of our f i e l d  study, nine blank samples of pond 
water were f o r t i f i e d  with a known quant i ty  of temephos at the 
f i e l d  s i te  and returned with the f i e l d  samples to measure 
s t a b i l i t y  of residues in the f i e l d  samples. The average recovery 
from samples spiked in the f i e l d  and returned to the laboratory 
for  analysis was 83% + 12. Duplicate and t r i p l i c a t e  samples were 
taken several times to determine the v a r i a b i l i t y  in sampling and 
analysis.  As demonstrated by the range bars in Figure I ,  the 
v a r i a b i l i t y  is much higher in the ear ly samples probably due to 
uneven d i s t r i b u t i o n  of the temephos. The response on the GC and 
HPLC was checked and found to be l inear  over the range of O to 2 
ng/~L. 

This paper has shown that  temephos, in actual f i e l d  appl icat ions 
as a mosquito l a r v i c i de ,  behaves in much the same way as was 
predicted by Henry et a l .  (1971) and Sanders et a l .  (1981). The 
resul ts indicate that  the pest ic ide remains in tac t  in water up to 
48 hours, and residues as high as 62 ug/L were found. A problem 
of s t ab i l i za t i on  in th i s  study was overcome by using mineral o i l  
as an ext ract ing solvent un t i l  the samples could be returned to 
the laboratory.  The two new methods presented for analysis,  
although s imi la r  to methods already published, incorporate some 
newer technology. 
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