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An increasing interest has been shown in the past few years in 

the degradation of certain pesticides by sunlight and laboratory ultra- 

violet (uv) light.    Since exposure to uv light under controlled condi- 

tions results in the formation of characteristic degradation products, 

the use of laboratory irradiation for the identification of pesticides in 

environmental samples appeared promising. 

Seven chlorinated pesticide standards were used.     These were 

heptachlor,   aldrin,   heptachlor epoxide,   p, p'-DDE,   dieldrin,   p, p'-DDD 

and p.p'-DDT.    An F&M research gas-liquid chromatograph (GLC) 

equipped with an electron capture (EC) detector provided the means 

for analysis.    A post-column splitter constructed of stainless steel 

tubing appeared to degrade DDT and its analogs,   but did not affect the 

other pesticides.    A Teflon splitter system was designed to avoid metal- 

catalyzed degradation and provided a 1:1  split (EC detector:atmosphere) 

of the effluent from a four foot glass column.    Seven centimeter lengths 



of 1. 4 mm I. D.   Teflon tubing were used for trapping the individual 

components in a sample as they eluted from the column.    Dry-ice was 

used to condense the sample in the trap.    The use of Teflon tubing as 

a trap made it possible to irradiate the sample in the tube since uv 

light is transmitted by Teflon. 

After a component was trapped,   50 |j.l of n-hexane were added to 

the tube,   care being taken to rinse the inside walls of the tube,   and 

the sample was irradiated by laboratory uv light.    The irradiated 

sample was injected into the GLC,   and the degradation products were 

separated on the column.    The degradation patterns of the pesticide 

st^odalrds were confirmed by repeated determinations and were quali- 

tatively reproducible with respect to the number of peaks and their 

GLC retention times.    The number of degradation peaks obtained on 

the pesticide standards were as follows:   heptachlor,   four; aldrin, 

one; heptachlor epoxide,   two; DDE,   three; dieldrin,   one; DDD,   one; 

and DDT,   two. 

A number of environmental samples were spiked with the pesti- 

cide standards to determine if coextracted materials might interfere 

with obtaining characteristic degradation patterns.    The characteristic 

degradation pattern for each pesticide was obtained in all samples. 

Certain coextracted materials or artifacts have been reported 

to have retention times identical to those of certain pesticides,   par- 

ticularly,   aldrin and dieldrin.    The method of trapping and irradiation 

outlined herein provided an excellent means for differentiating between 



pesticides and artifacts or analyzing combinations thereof. 

In a DDT-toxaphene mixture,  DDT is masked by one of the tox- 

aphene peaks.    An attempt was made to apply this method to the quan- 

titative determination of DDT in the presence of toxaphene based on the 

area of the main DDT degradation peak,   4, 41-dichlorobenzophenone 

(DDC=0).    In order to do this,  the solvent was  changed from hexane 

to benzene,   since DDC=0 further degrades when irradiated in hexane. 

In benzene it was found that the amount of DDT present was propor- 

tional to the DDC=0 peak area. 

The combination of photolysis with EC-GLC results  in a "finger- 

print" chromatogram which is specific for a given pesticide and pro- 

vides a rapid method for the unequivocal identification of subnanogram 

quantities of pesticides that are readily isolated from most environ- 

mental samples. 

When present in extremely small quantities,  a component could 

be trapped in a single Teflon trap from repeated GLC injections to 

provide enough material for irradiation and subsequent EC detector 

response.     The technique of multiple trapping developed in this work 

should also be useful in some instances for obtaining sufficient sample 

for infrared spectroscopy or mass spectrometry or for reinjection on 

a dissimilar column in a GLC. 
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IDENTIFICATION OF SOME CHLORINATED PESTICIDES 
BY ULTRAVIOLET DEGRADATION 

INTRODUCTION 

In the analysis of chlorinated pesticides,   consideration must be 

given to possible contamination of samples by other interfering pesti- 

cides,  artifacts,   or industrial compounds such as polychlorinated 

biphenyls.    The qualitative determination of chlorinated pesticides  is 

at times exceedingly difficult because the pesticides are present in the 

sample at extremely low concentrations  (from 1 ppb to 1  ppt) so that 

the sensitivity limits of an analytical method are often strained.      Two 

commonly used techniques for positive identification of organic com- 

pounds,  mass spectrometry and infrared spectroscopy,   are too insen- 

sitive for the subnanogram quantities of pesticides which are conven- 

iently isolable from environmental samples. 

Gas-liquid chromatography (GLC) provides the analyst with a 

rapid,  tentative identification of many pesticide residues that may be 

present either singly or in combination.     Other GLC techniques that 

have been used to confirm the identity of a residue involve the use of 

different GLC columns,   selective GLC detectors,  p-values  (partition 

coefficients between two immiscible solvents),  formation of a charac- 

teristic derivative,  and ultraviolet (uv) irradiation of the sample to ob- 

tain characteristic degradation products. 



Increasing interest has been shown in the past few years  in the 

degradation of pesticides by sunlight and/or laboratory uv light.      The 

purpose of this study was to further investigate the use of laboratory 

uv irradiation for the controlled degradation of chlorinated pesticides. 

The subsequent determination of retention times of the degradation 

products by electron-capture,  gas-liquid chromatography ((EC-GLC) was 

evaluated as a means for confirming the identity of a chlorinated pesti- 

cide. 



REVIEW OF LITERATURE 

Pesticides and Ultraviolet Degradation 

The past few years have witnessed a rapidly increasing interest 

in the degradation of pesticides by both living organisms and environ- 

mental forces.    One of the most common environmental forces studied 

has been sunlight and its action on pesticides.      The degradation of 

certain pesticides by uv light has been recognized for twenty-five 

years,   and a number of the photodegradation products of pesticides 

have been isolated and identified in the past fifteen years.    Mitchell 

(1961) working with 141 pesticide chemicals found that strong artificial 

uv light caused chemical changes in a large number of these com- 

pounds.    He was the first to suggest that the degradation patterns ob- 

tained with paper chromatography,   which were reproducible for a given 

pesticide and method,  be used as an aid to residue identification.    In 

1968,  the first effort was made to use the GLC retention times of these 

photodegradation products as a means of identification of the parent 

pesticide isolated from a food (Banks and Bills,   1968).      This review 

will attempt to summarize the available literature on the photolysis of 

a number of these chlorinated hydrocarbon pesticides. 



Photodegradation of DDT and Its Analogs 

DDT     (Compound I,  Figure 1) was the first pesticide to be 

studied intensively.    Fleck and Haller (1945) reported that solid DDT 

was affected very little by 35 hours exposure to a uv lamp and that an 

alcoholic solution showed very little,   if any,   change after a year's 

exposure to sunlight.    They suggested,  however,  that under conditions 

of practical use in a dust or spray,  the DDT molecules would be ex- 

posed to the catalytic action of substances used as diluents and the 

molecules might be made more susceptible to light action. 

Wichmann et al.   (1946)   reported that irradiation had no effect 

on DDT,  DDE (Compound II,   Figure 1) or the derivative DDC=0 (Com- 

pound III,   Figure 1) when they were in their crystalline state,  but that 

in a benzene solution,  50 percent of the DDT degraded in a matter of a 

few hours.    The degradation of DDE occurred more rapidly in solution, 

but the ketone appeared to be unaffected.    Wichmann1 s group'was the 

first to isolate and identify the ketone as a DDT degradation product. 

The production of the ketone was later confirmed by Fleck (1948). 

Lindquist,   Jones,  and Madden (1946)  found that the toxicity to 

house flies was reduced if solid DDT deposited as a film from an 

emulsion were exposed to either sunlight or artificial uv light.    They 

further concluded that if DDT were dissolved in an organic solvent, 

Chemical names of pesticides and their photoderivatives are 
given in Table 1. 
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Figure 1.    Degradation of DDT by Ultraviolet Light. 

I = DDT,  II = DDE,   III = DDC=0 

IV = 2, 3-dichloro- 1, 1,4, 4-tetrakis-(p-chlorophe.nyl)- 2-bute.ne 

V - DDD 

VI= 3, 6-dichlorofluorenone 



Table 1.    Common and chemical names of pesticides and derivatives. 

Common name or symbol Chemical name 

DDT 2, 2-bis(p-chlorophenyl)-l, 1, 1- 
trichloroe thane 

DDE 

DDC = 0 

DDT-dimer 

DDD 

2, 2-bis(p-chlorophenyl)-l, 1-dichlo- 
roethylene 

4, 4'-dichlorobenzophenone 

2, 3-dichloro- 1,1,4, 4-tetrakis 
(p-chlorophenyl)- 2-butane 

2, 2-bis(p-chlorophenyl)-l, 1- 
dichloroethane 

aldrin 

die Id r in 

hexacyclo isomer of aldrin 

pentachloro derivative of 
aldrin 

hexacyclo isomer of 
dieldrin 

pentachloro derivative 
of dieldrin 

1, 2, 3, 4, 10, 10-hexachloro-l, 4, 4a., 5, 
8,8a-hexahydro-1,4-endo,exo-5,8- 
dimethanonaphthalene 

1, 2, 3, 4, 10,10-hexachloro-6, 7-epoxy- 
1, 4, 4a, 5,6,7,8, 8a-octahydro-l, 4- 
endo, exo-5, 8-dimethanonaphthale.ne 

1, 1, 2, 3, 3a,7a-hexachloro-2, 3,3a, 
3b, 4, 6a, 7, 7a-octahydro- 2, 4, 7- 
metheno- 1H- cyclopenta[a] pentalene 

1,2,4,10,10-pentachloro-l, 4,4a,5,8, 
8a-hexahydro-1,4-endo,exo-5,8- 
dimethanonaphthalene 

1, 1, 2, 3, 3a, 7a-hexachloro-5, 6-epoxy- 
decahydro- 2, 4, 7-methe.no-IH-cyclo- 
penta[aj -pentalene 

1, 2, 4, 10, 10-pentachloro-6, 7-epoxy- 
1, 4, 4a, 5, 6, 7,8,8a-octahydro-l, 4- 
endo, exo-5,8-dimetha.nonaphthalene 

BHC 1, 2, 3, 4, 5, 6-hexachlorocyclohexane 



Table 1.    continued 

Common name or symbol Chemical name 

heptachlor 1, 4, 5,6,7,8,8-heptachloro-3a,4,7, 
7a-tetrahydro-4) 7-methanoinde.ne 

photoheptachlor 
(icage compound) 

1,3,4,5,5, 5a, 5b-heptachlorooctahy- 
dro- 1, 2, 4-methe.no- lH-cyclobuta[cd] 
pentalene (Rosen et al. ,   1969) 

2, 3, 4, 4, 5, 6, 10-heptachloro-pentacy- 
clo-(5.3.0.02'3.03'4. 03'7)decane 
(McGuire et al. ,   1970) 

photoheptachlor 
(hexachloro derivative) 

1, 4, 5, 7, 8, 8-hexachloro-3a, 4, 7, 7a- 
tetrahydro-4, 7-metha.noindene 
(McGuire et al. ,   1970) 

ph ot ohe pta chlo r 
(hexachloro derivative) 

1, 4, 6, 7, 8,8-hexachloro-3a,4,7,7a- 
tetrahydro-4, 7-metha.noindene 
(McGuire et al. , 1970) 

heptachlor epoxide 1, 4, 5,6,7,8,8-heptachloro-2,3- 
epoxy-2,3,3a,4,7,7a-hexahydro-4,7- 
methanoindene 

methoxychlor 2, 2-bis(p-methoxyphe.nyl)-l, 1,1- 
trichloroethane 
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the DDT was degraded more rapidly. 

It would appear that the above results of Fleck and Haller (1945) 

and Wichmann et al. (1946) were contradicted by Lindquist et al. (1946). 

This could,  perhaps,  be accounted for by the difference in the crystal 

size.      The first two authors irradiated the large crystals that form 

on recrystallization from a solvent.    The crystals used by Lindquist 

were probably very small crystals that formed as a film on the sur- 

face of the glass,  wood,   or other material when the solvent was evap- 

orated. 

Both Wichmann and Lindquist had reported the formation of a 

coating on the crystals of DDT.    Fleck (1949) later reported that a 

deposit appeared to form on the outside of crystals of DDT when they 

were irradiated and that the deposit appeared to exert a protectant 

action on the intact pesticide.    If these deposits were washed off with 

a solvent,  further degradation would slowly occur.    In the work of 

Lindquist,  the crystals were probably so small that they were entirely 

degraded before a protective coating formed.    Fleck suggested that 

the deposit which formed on the outside of the crystals might be the 

derivative DDC = 0. 

Wichmann et al. (1946) also reported on volatility and exposure 

tests and concluded that the uv degradation products of DDT appear to 

be more volatile than the parent compound.    Under normal field con- 

ditions,  he suggested these products might be vaporized nearly as fast 



as they are formed.    This theory appeared to be substantiated in a 

two-year study conducted by Fahey and Rush (1947).    However,   know- 

ing that the structures of DDE,  DDD,   and DDC=0,  which were the only 

known degradation products of DDT at that time,  are very similar to 

the DDT structure,   it is doubtful that they would be vaporized much 

more readily than DDT.    It is more probable that further degradations 

occurred and these products were not detected. 

Baker and Applegate (1970),   in their investigation of the per- 

sistence of DDT in soils,  found that DDE was the major breakdown 

product of DDT and that uv irradiation accelerated the breakdown of 

DDT.    No DDD (Compound V,  Figure 1) or other breakdown products 

were found in the soil samples under field or laboratory conditions. 

Existing information can be summarized to provide the scheme 

for the uv degradation of DDT shown in Figure 1.    Reaction (B) was 

proposed by Fleck (1949).    According to Fleck,  the reaction required 

the presence of a solvent which can act as a chlorine acceptor and 

yields an intermediate product when DDT is irradiated in the absence 

of oxygen.    Wichmann et al. (1946) and Fleck (1948) reported on reac- 

tion (C),  while Roburn (1963),   Harrison -et al. (1967),  and Mosier, 

Guenzi,  and Miller (1969) observed reactions (A),   (D),  and (F).    Re- 

action (E) has been investigated by Plimmer and Klingebiel (1969) who 

reported that DDE undergoes photocyclization in methanol in the pres- 

ence of oxygen to form its 3, 6-dichlorofluorenone.    Mosier et al. 
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(1969) have proposed a free radical mode of degradation for DDT,  and 

Plimmer,  Klingebiel,   and Hummer (1970) have also postulated the 

photolytic generation of free radicals in the photo-oxidation of DDT and 

DDE yielding a number of oxidation products. 

Andrews et al. (1946) found that DDT is characterized by one 

main absorption band extending from approximately 228.0 to 240.0 

nm with a main peak at 237. 5 nm and four much weaker bands between 

260.0 nm and 280.0 nm.    Wichmann et al. (1946) reported that DDT 

was only slightly degraded by light at wavelengths greater than 250.0 

nm.    Blackith (195 2) found that the addition of one percent of the dye, 

benzeneazo-P-naphthol,  to DDT doubled the life of DDT films exposed 

to uv light.    This author found the dye to have a very strong absorption 

band at about 225.0 -  235.0 nm,   so that the dye was preferentially ab- 

sorbing wavelengths which are critical for the degradation of DDT. 

Nasir (195 3) found that extensive degradation of DDT occurs only with 

light containing wavelengths of 220.0 -  240.0 nm.    The results re- 

ported by the last three authors are in good agreement with the finding 

of Andrews et al. (1946) ,   and their results show that any appreciable 

degradation of DDT occurs only with light below 250.0 nm.    If this is 

so,  then it is surprising that sunlight degrades DDT,   since it has been 

suggested that the ozone layer in the upper atmosphere completely fil- 

ters out radiation below 287.0 nm (Roller,   1965).    As Crosby (1969, 

p.   9) stated in his review on pesticide photodegradation, 
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We do not yet appreciate all the environmental factors 
which may influence photochemical reactions.      For in- 
stance,  the mechanism    by which solar energy becomes 
available for many pesticide transformations remains 
unknown. 

Miller and Narang (1970) suggest that since the main absorption bands 

of many pesticides are below the wavelengths available from the sun, 

the degradation of the more stable pesticides under field conditions 

would be accelerated by inducing their degradation with photosensi- 

tizing compounds which absorb in the solar regions.      They report on 

such a process and its application to DDT. 

DDD was reported by Fleck (1949) as not being altered by uv 

light.    Mitchell (1961),    Roburn  (19f>3),    Banks and Bills (1968),   and 

Archer (1969) have shown that DDD is degraded more slowly than 

either DDT or DDE. 

Lippold jit aL (1969) used cobalt-60 gamma radiation to degrade 

DDT and reported that a number of degradation products were obtained. 

They have stated that some of the products of gamma irradiation are 

probably the same as those obtained by uv irradiation,  but have not as 

yet reported on the identification of these products. 

Photodegradation of Dieldrin and Aldrin 

In 1963,   Roburn treated some herbage with dieldrin (Compound 

II,  Figure 2) and then exposed it to sunlight.    On analysis of the herb- 

age for the dieldrin residue,  he reported the presence of an unknown 
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Cl 

V VI 

Figure 2.    Degradation of Aldrin and Dieldrin by Ultraviolet Light. 

I = Aldrin II = Dieldrin III = Hexacyclo dieldrin isomer 

IV = Hexacyclo aldrin isomer        V = Pentachloro derivative of 
aldrin 

VI = Pentachloro derivative   of dieldrin 
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compound.    He showed that he could produce a compound having the 

same GLC retention time by irradiating a thin film of dieldrin in the 

laboratory.    R ob ins on et al.   (1966) reported a degradation product 

having chromatographic properties similar to those of Roburn (1963) 

and tentatively suggested that it was a hexacyclo isomer of dieldrin. 

Robinson and coworkers also conducted a survey to determine the oc- 

currence of this isomer in the environment.    Their results indicated 

that the compound,   if it occurs at all,   occurs in very small amounts. 

The above photolytic product of dieldrin vyas identified by Rpsen, 

Sutherland,  and Lipton (1966) as the hexacyclo isomer which they in- 

correctly named 10-oxa-3, 6-exo-4, 5,13, 13-hexachlorohexacyclo- (6. 

3. 1. I3'6. I9' 11.02'7.05' 12) tridecane (Compound III,  Figure 2). 

Rosen and Carey (1968) indicated that this compound had been mis- 

named in several previous papers..   The correct nomenclature for the 

hexacyclo isomer is 1, 1, 2, 3, 3a,7a-hexachloro-5 , 6-epoxydecahydro-2, 

4, 7-metheno-IH-cyclopenta [a]-pentalene.    Rosen and coworkers 

(1966) confirmed Roburn's  (1963) observation that regardless of wheth- 

er solid dieldrin was exposed to field or laboratory uv light the same 

photolytic product was obtained. 

Harrison et al.  (1967)  reported on field and laboratory irradia- 

tion of dieldrin.    Portions of their results have subsequently been 

shown to be questionable.    They reported four photodegradation pro- 

ducts for dieldrin,  while other authors have since obtained no more 
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than two products.    Harrison's proposed structure for one of the 

products was later found to be incorrect since it was inconsistent with 

the material's nuclear magnetic resonance spectrum (Rosen and Carey, 

1968). 

Henderson and Crosby (1967) found that a dilute solution of 

dieldrin,  when irradiated at 253. 7 nm,   was converted to a single deg- 

radation product which differed from the hexacyclo compound.    This 

product was identified as a pentachloro derivative (Compound VI, 

Figure  2).    Dieldrin was converted to bply the hexacyclo isomer when 

sprayed on leaves of corn plants and subsequently exposed to sun- 

light.    Conversely,   when the dieldrin-treated leaves were exposed to 

25 3. 7 nm light, there was considerable conversion to the pentachloro 

derivative with none of the hexacyclo isomer present.    To determine 

the wavelengths at which photodechlorination occurred,  hexane solu- 

tions of dieldrin were irradiated in a spectrophotofluorometer which 

served as a source of monochromatic light.      Examination of the solu- 

tions  irradiated at wavelengths between 250.0 and 300.0 nm showed 

maximum conversion to the pentachloro derivative at 250.0 nm.    No 

conversion occurred at wavelengths above 260.0 nm.    Further in- 

vestigation revealed that dieldrin has only a single absorption band 

reaching from 215.0 nm to 260.0 nm.     According to this 4ata, 

dieldrin is transparent to light of wavelengths greater than 260.0 nm 

and,  thus,   should be photochemically inert to sunlight. 
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Henderson and Crosby (1967) have suggested that irradiation of 

either more concentrated dieldrin solutions or of dieldrin in the crys- 

talline state,   probably would tend to favor the intramolecular rear- 

rangement forming the hexachloro isomer.    They further suggested 

that in dilute solutions where a large excess of a hydrogen-donor sol- 

vent,   such as hexane,   exists,  the replacement of  a chlorine atom 

appears to predominate.    Banks and Bills  (1968) irradiated very dilute 

hexane solutions and obtained a single degradation product that had 

GLC characteristics similar to those of the pentachloro derivative 

described by Henderson and Crosby (1967).    Henderson and Crosby 

(1968) continued this work and found that trace amounts of dieldrin 

suspended in water and exposed to sunlight were photolyzed to form 

only the hexacyclo isomer as they had previously shown with the sun- 

light photolysis of solid dieldrin and dieldrin solutions.    Rosen and 

Carey (1968) used benzene,  uv light,  and a photosensitizer to convert 

dieldrin and aldrin to their hexacyclo isomers. 

McGuire et al. (1970) in their work on the photolysis of hepta- 

chlor concluded that photodechlorination takes  place via a singlet state 

while the cage formation occurs via a triplet state.    They suggested 

that the latter mechanism would also be valid for dieldrin.    Their 

work supports the theory proposed by Anderson et al. (1968) that 

irradiation of a cyclobutene to yield a cage compound was triplet 

sensitized and a photodechlorination product occurred via a singlet 

state. 
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Burke (1969) reported on his work using the Association of 

Official Analytical Chemists method for recoveries from several food 

products of the photodechlorinated and cage compounds of dieldrin. 

He obtained almost 100 percent recovery of the photoconversion pro- 

ducts from spinach,  broccoli,  and apples. 

Mitchell (1961) reported that aldrin (Compound I,   Figure 2) 

formed two degradation products when exposed to laboratory uv light. 

Roburn (1963) deposited a thin film of aldrin on a glass  plate,   irradi- 

ated it with light of 253. 7 nm wavelength and found that aldrin was de- 

graded to dieldrin plus a smaller amount of an unknown substance. 

It should be noted that the latter author is the only one to report ob- 

taining dieldrin as a degradation product when aldrin is irradiated by 

uv light in the laboratory.    Harrison et aL  (1967) in their field trials 

reported finding some dieldrin and another degradation product in the 

aldrin residue. 

Rosen and Sutherland (1967) report that after exposing a film of 

aldrin to sunlight for one month,  the residue contained 2.6 percent of 

unchanged aldrin,   4. 1  percent dieldrin,   24. 1  percent of the dieldrin 

hexacyclo isomer,  9.6   percent of the aldrin hexacyclo isomer (Com- 

pound IV,   Figure 2),  and 59.7 percent of a polymeric material.    Rosen 

(1967) irradiated solid aldrin in the laboratory,   obtaining both the 

hexacyclo isomer and the pentachloro derivative (Compound V,   Figure 

2).    Henderson and Crosby (1967) found the pentachloro derivative to 
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be the only product obtained when a hexane solution of aldrin was ir- 

radiated with artificial uv light.    This product is analogous to the 

pentachloro derivative of die Id r in and is formed only when aldrin, 

dissolved in a hydrogen-donor solvent,   is irradiated with light con- 

taining wavelengths below 260.0 nm. 

Rosen and Carey (1968) performed the laboratory irradiation of 

aldrin in benzene,  with a photos ens it izer present,  and found the hexa- 

cyclo isomer to be the only product.    These authors also reported 

that aldrin in hexane exhibited an interesting concentration effect.    As 

Henderson and Crosby (1967) had previously reported,   only the penta- 

chloro derivative was obtained at a concentration of 2 mg per ml. 

Rosen and Carey also duplicated these results at 7 mg per ml but at 

a concentration of 1 mg per ml,  they obtained a mixture of 4. 4 parts 

of the hexacyclo isomer per part of the pentachloro derivative. 

Irradiation of Lindane (y-BHC),   Heptachlor,   Heptachlor Epoxide,  and 
Methoxychlor 

All of the available isomers of "benzene hexachloride" (BHC) 

have been found to be stable to uv irradiation.    The most common 

isomers are a,  |3, "Y ,  and 6 -BHC,  andY -BHC is commonly known as 

lindane,  a pesticide.      Blackith (195 2),   Roburn (1963),   Harrison et al. 

(1967),  and Banks and Bills  (1968) used either one or all four of these 

isomers  in their experiments and all authors reported there was no 
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evidence that any of the isomers degraded when exposed to uv light. 

The photodegradation products of heptachlor have been investi- 

gated only recently.    The structure   of heptachlor and its photoderiva- 

tives are shown in Figure 3.    Mitchell (1961) and Banks and Bills 

(1968) observed that heptachlor was degraded by uv light,  but did not 

investigate the properties of the degradation products.     Rosen, 

Sutherland,   and Khan (1969) and Rosen and Siewierski (1970) prepared 

the cage compound in benzene solution using be.nzopheno.ne as a sensi- 

tizer.    The structure of the isomer was assigned on the basis of 

spectrescopic data and reports on analogous photoconversions of simi- 

lar compounds.    The latter authors were interested mainly in studying 

the toxicity of the photoisomer. 

Anderson et al. (1968) had earlier suggested that photodechlorina- 

tion occurred via a singlet state,  while cage structures formed via 

the triplet state.    McGuire ^t al.   (1970) studied the photolysis of 

heptachlor in several solvents and their results supported Anderson's 

findings.    McGuire isolated and identified four degradation products. 

-4 
Two monode chlorinated derivatives were obtained by photolyzing 10     M 

solutions of heptachlor in hexane or cyclohexane using the 253. 7 nm 

wavelength of light.    These hexachloro derivatives were the only pro- 

ducts obtained under these conditions.    The cage compound was pre- 

pared as the sole product by photolyzing a solution of heptachlor in 

acetone (a triplet sensitizer) using a source with a peak output at 
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TV. Monodechlorinated Compound 

V. Solvent Adduct 
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Figure 3.    Heptachlor and its Photoderivatives. 
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300.0 nm.     The fourth product,   which the authors called the solvent 

adduct,   was obtained as the major product when the photolysis of 

heptachlor was carried out in mixtures of cyclohexane and acetone 

ranging from 10 - 50 percent acetone.    The solvent adduct is the 

heptachlor molecule in which the chlorine atom on carbon number one 

has been replaced with a solvent molecule. 

Fischler and Korte (1969) had also reported that acetone was a 

sensitizer for the cyclic insecticides and aids in the photoconversion 

of the pesticides     chlordane, (3 -chlordane,  heptachlor and heptachlor 

epoxide to cage structures. 

The photodegradation of the remaining two pesticides,  heptachlor 

epoxide and methoxychlor,  has not received as much attention in the 

literature as the previously discussed pesticides.      Mitchell (1961) 

reported photodegradation with both of these pesticides.    Banks and 

Bills  (1968),   Li and Bradley (1969),  and Fischler and Korte (1969) 

reported on the photodegradation of heptachlor epoxide. 

Li and Bradley (1969) in their effort to use uv light as a means 

of removing chlorinated pesticides from milk and milk products found 

that methoxychlor was the only pesticide,   of the six pesticides studied, 

significantly degraded by uv light.    The authors then proceeded to 

identify the degradation products obtained from methoxychlor.    These 

products were found to be similar in structure to the DDT degradation 

products. 
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Possible Methods for the Identification of 
Chlorinated Pesticide Residues 

The GLC,  used alone or coupled with a spectroscopic instru- 

ment,  has become one of the primary tools of the residue chemist. 

The EC detector has shown unparalleled detection of chlorinated pesti- 

cides,   often in the picogram range.    This sensitivity is necessary 

since pesticide concentrations in some environmental samples often 

are in the 1 ppb to 1 ppt range.    Some of the various methods or modi- 

fications used in identification procedures are as follows. 

Retention Times 

When standard and unknown eluates have different retention 

times,  they cannot be the same compound.    If repeated retention coin- 

cidences between them occur on at least two columns differing as 

widely as possible in polarity,   it strongly implies that they may be 

identical.     However,   since artifacts and some plant extracts have re- 

tention times similar or identical to those of certain pesticides,   this 

method can lead to incorrect identifications  (Deubert,   1970; Glotfelty 

and Caro,   1970). 

Selective Abstraction 

There are times when the need arises to simplify a complicated 

chromatogram.    This can be done by pre-column abstraction in which 
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one or more classes of compounds are removed by either physical 

or chemical means. 

A procedure sometimes used is a pre-column partition technique. 

The compou.nd(s) to be identified is dissolved in an aliquot of a sol- 

vent.    A small sample of the solution is injected into the GLC and the 

height of the unknown peak (s) is noted.    The solution is then equili- 

brated against an aliquot of a second,   immiscible solvent.      A small 

sample of the layer of the first solvent is again injected into the GLC 

and the height of the unknown peak(s-) again noted.    Identification of the 

unknown is based upon its partition coefficient,  which is a ratio of 

the peak heights or areas and its value lies between zero and one. 

The partition coefficient (p-value) for a large number of compounds 

can be found in the literature.    Beroza and Bowman (1965) demon- 

strated the utility of this procedure in the identification of a number of 

pesticides. 

Chemical Modifications 

Derivatizations of a sample is carried out for several reasons: 

1. To increase the volatility of a compound so that it can 

be chromatographed.    Ami.no acids are an example of this type of 

compound. 

2. To increase the sensitivity of detection of a compound 

by substituting,  for example,  halogenated groups that are more 
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suitable for EC detection. 

3.    To provide additional information for establishing com- 

pound identity.    The retention time of the derivative can be used in a 

way analogous to the way that the determination of melting points of 

derivatives is used as support for the identification of a compound in 

conventional organic chemistry. 

Sans  (1967) used chromic acid to oxidize aldrin and heptachlor 

and converted DDD,  DDT,  and methoxychlor to their olefins by de- 

hydrochlorination with two percent alcoholic potassium hydroxide. 

Wiencke and Burke (1969) converted dieldrin to its chlorohydrin deriv- 

ative by use of hydrochloric acid and zinc chloride.    Chau and Cochrane 

(1969,   1970) converted aldrin to its epoxy form using monoperphthalic 

acid.    Heptachlor and heptachlor epoxide were converted to 1-hydrox- 

ychlordane and l-hydroxy-3-chlorochlordane,   respectively,  by 30 

minute refluxing with potassium tert-butoxide and tert-butanol.      The 

hydroxy derivatives were then silylated to enhance their EC response. 

The latter authors also converted p,p'-DDT and p,p'-DDD to pre- 

dominantly p, p-dichlorostilbene under acidic conditions using chro- 

mous chloride as the reducing agent. 

Pyrolysis Gas Chromatography (PGC) 

In PGC,   a sample is pyrolyzedand the reaction products sepa- 

rated by GLC.    This provides a "fingerprint" pyrogram that can be 
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compared with pyrograms of known compounds.    The primary re- 

quirement for this technique is that the pyrogram be reproducibly ob- 

tained on repeated trials with the same compounds.    Pyrogram repro- 

ducibility is more dependent upon the characteristics of the pyrolysis 

unit than upon the GLC conditions.    The most serious criticism of 

this method at this time is that results from different laboratories 

cannot be compared with any degree of certainty.     (Juvet and Turner, 

1965).      This method has not found general application in pesticide 

analysis. 

Photolysis Gas Chromatography 

This method involves the use of radiation from a high-intensity 

mercury lamp in the uv region for the controlled degradation of or- 

ganic compounds followed by analysis  of the degradation products with 

a GLC.    Many compounds do not absorb sufficient amounts of radiation 

for direct decomposition,  therefore a photos ens itizer is used.    A 

photosensitizer will absorb radiation energy and then will impart this 

energy to the molecules not absorbing the radiation directly. 

Juvet and Turner,   (1965) and Juvet,   Tanner,  and Tsao (1967) 

report on photolytic degradation as a means of studying organic struc- 

ture.    Their work involved studies of alcohols,   esters,  aldehydes, 

ketones,  and ethers.    Banks and Bills  (1968) extended photolytic deg- 

radation so that it could be used as a means of identification of 
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chlorinated pesticides. 

Advantages of this method over PGC include the relative ease 

with which reproducible results may be obtained and the simplicity of 

the apparatus.    Photolytic degradation products are considerably 

fewer in number than observed in the more energetically severe pyro- 

lytic cracking technique. 

Response of Specialized Detectors 

Only a few of the specialized detectors will be mentioned here. 

These are either detectors that have been modified or especially de- 

veloped so that their response,   or sensitivity,  to certain eluates is 

much greater than would occur without the modification.    For a more 

complete coverage of this topic see Leathard and Shurlock,   1970,  p. 

155-180. 

1. The sensitized flame ionization detector,  frequently 

referred to as the alkali flame detector or thermionic detector,   con- 

tains a salt of caesium,   rubidium,   potassium,   or sodium as the jet 

for the hydrogen flame.    The detector is much more sensitive to 

phosphorus,  nitrogen,   sulfur,  and in some cases the halogens than a 

conventional flame ionization detector. 

2. The electron capture detector responds only to those 

molecules which readily capture thermal electrons. The detector is 

used mainly for halogenated compounds,   although it is sensitive to 
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some oxygen,  nitrogen,  and phosphorus containing compounds. 

3. The flame photometric detector uses an air-hydrogen 

flame.      Background emission is shielded from the optical system by a 

housing which surrounds the flame.    When phosphorus or sulfur con- 

taining compounds are eluted into the detector,   emission occurs above 

the housing and the light passes through the interference filters to 

photomultiplier tubes.    Interference filters of 5 26 nm for phosphorus 

and 394 nm for sulfur are used. 

4. The coulometric detector is employed for the determi- 

nation of specific elements.    In pesticide work,   the coulometric de- 

tector is used mainly for quantitative chloride determination.    The 

detector consists of a cell through which the column effluent is passed. 

Any reaction between the eluate and the electrolyte ions  in solution 

changes the potential difference of the cell owing to removal of these 

ions,   which in the case of chloride determination is usually the Ag 

ion.     The concentration of the electrolyte is held constant by restoring 

any loss due to the reaction.    Quantitative data result from indirectly 

measuring electrolyte expenditure. 

Combined Gas-Liquid Chromatography-Mass Spectrometry (GLC-MS) 

The combined GLC-MS technique has been successfully applied 

to the identification and confirmation of pesticide residues and has 

proven to be a useful tool for the residue chemist.    This combination 
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has several advantages over other spectroscopic techniques among 

which are an increase in speed of analysis,  elimination of the necessity 

for isolating trace quantities of pure sample,  and greater certainty 

in identification of the eluted component.      Mass spectrometry allows 

direct determination of the molecular weight.    Minimum sample re- 

quirements are of the order of 0. 1 to 0. 3 \ig (Biros and Walker,   1970). 

Infrared Spectroscopy (IR) 

Infrared spectroscopy is a commonly used general method for 

identifying organic compounds.    The infrared spectrum of a pure 

compound is extremely characteristic. 

The combination of the GLC-IR technique is being used to anal- 

yze quantitatively for small amounts of chlorinated pesticides.    The 

main disadvantage of this method of trace analysis would be that a 

sample size of 10"    to 10       g or larger must be used.    In extracting 

pesticide residues from foods and other biological samples,   it is 

sometimes difficult to obtain 10      g of residue (Zweig,   I960). 

Nuclear Magnetic Resonance Spectroscopy (NMR) 

Biros  (1970) reported on the  use of NMR as a means of iden- 

tifying pesticide residues.    In principle,   the NMR technique would be 

a good approach to pesticide analysis since it allows confirmation and 

quantitation in one instrumental procedure.    However,  because of the 
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low inherent sensitivity of the instrument (10 -  20 mg of sample are 

required),   it cannot be routinely used in obtaining evidence for the 

presence of chlorinated pesticides in foods or tissue. 

Thin-layer Chromatography (TLC) 

Thin-layer chromatography remains as one of the major tools 

for the isolation and separation of pesticides from possible interfer- 

ences or artifacts.    Thin-layer techniques can also be applied to the 

isolation of degradation products  (Mitchell,   1961).   Many new sub- 

strates,, eluting solvents and specific chromogenic agents have been 

reported.    The development of ready-to-use precoated TLC sheets 

(coated on either polyester or glass sheets) has widened the applica- 

tion of this technique,   and the results are more uniform.    With the 

introduction of channel layer chromatography,   it was possible to use 

larger samples for preparative purposes and this method eliminates 

the edgewise diffusion of compounds during development of the plates. 

Matherne and Bathalter (1966) report on the use of this method as a 

cleanup procedure for fruits and vegetables. 

Thin-layer chromatography is a relatively poor tool,   however, 

for the identification of chlprinated pesticide residues.      The required 

sample size is large and resolution is  poor compared to GLC. 
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Summary of Available Methods 

It is obvious that GLC coupled with the extremely sensitive EC 

detector provides a means of working with minute quantities of chlori- 

nated pesticides that cannot be attained with other methods at this 

time.    However,   unequivocal identifications cannot be derived from 

simple GLC retention data.    Hence,   it is necessary to apply some 

special ancillary techniques to obtain dependable qualitative GLC data. 

The book, Identification Techniques in Gas Chromatography, by 

Leathard and Shurlock (1970) is recommended for a general review on 

the subject of methods identification. 
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EXPERIMENTAL 

Sources of Pesticide Samples 

All pesticides used in this work were analytical grade with the 

exception of methoxychlor,   which was technical grade.      The pesticides 

were obtained from the following organizations: 

p, p'-DDT; p, p'-DDE; methoxychlor - Geigy Chemical Corp. , 

Ardsley,   N.   Y. ; p, p'-DDD -  Rohm & Haas,   Philadelphia,   Pa; 

heptachlor,  heptachlor epoxide - Velsicol Chemical Corp. ,   Chicago, 

111.; lindane - California Chemical Co.,   Richmond Calif.; aldrin, 

dieldrin - Shell Chemical Co.,   Modesto,   Calif.; Ojp'-DDT; o,p'-DDD; 

o, p'-DDE -  Pesticides Repository,   Pesticides Research Laboratory, 

Perrine,   Florida; toxaphene - Perco Supplies,   San Gabriel,  Calif. 

Equipment and Supplies 

Gas chromatographic separations were carried out on a F & M 

research gas chromatograph,   model 810,   equipped with a tritium 

electron capture (EC) detector,   manufactured by the F & M Scientific 

Corp.,   Avondale,   Pa.    A Chromocorder strip-chart recorder manu- 

factured by Barber-Coleman Co. ,   Rockford,   111.   was used with the 

F & M gas chromatograph. 

The uv light used for irradiation of the samples was a Hanovia 

Utility Model Quartz  Lamp, #6:i;6A,' manufactured by the Hanovia Lamp 
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Div. ,   Englehard-Hanovia,   Inc.,   Newark,  N.   J.    This is a medium- 

pressure mercury lamp emitting a discrete line spectrum that in- 

cludes not only 25 3. 7 nm,  but also many other lines in the far and 

near ultraviolet.      Table 2 and Figure 4 indicate the energy distribu- 

tion and spectrum from information given by the company. 

The Teflon tubing used in making the splitter (to be described 

later) and for trapping samples was made by Trimflex,   Inc.,   Dover, 

N.   J.    The splitter material was  #19 standard-wall tubing and the 

trapping material was  #16 thin-walled tubing.      The Teflon ferrules 

used in making the splitter  were obtained from Chemical Research 

Services,   Inc.,  Addison,   Illinois.    The Teflon tubing was cemented 

into the ferrules using high-temperature epoxy resin,   Chemgrip-HT, 

obtained from Chemplast,   Inc. ,   Wayne,   N.   Y. 

The syringes used throughout this work were a 10 \xl Hamilton 

syringe made by the Hamilton Co. ,   Inc. ,   Whittier,   Calif. ,   and a 100 

jxl Pressure-Lok syringe made by Precision Sampling Corp.,   Baton 

Rouge,   La. 

For the cleanup of food samples,  a Florisil column was packed 

in a Kontes glass column,   2. 2 cm in diameter and 50 cm long.    The 

Florisil,   100-200 mesh,   is a product of the Floridin Co.,   and was 

purchased from Fisher Scientific Co.,   Fairlawn,   N.   J.      The Florisil 

eluates were reduced in volume using a Buchi Rotavapor evaporator. 

Solvents were either of "Nanograde" quality obtained from 
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Table 2.    Spectral Energy Distribution for the Hanovia Mercury Lamp 
#616A 

Wavelength,  nm Watts                      Einstein sec      x 10 

366.0 1.82 55.6 

334.1 0.18 5.03 

313.0 1.30 34.0 

302.5 0.57 14.4 

296.7 0.30 7.44 

289.4 0.19 4,59 

280.4 0.19 4.45 

275.3 0.08 1.84 

270.0 0.09 2.03 

265.2 0.47 10.4 

257.1 0.19 4.09 

253.7 0.37 7.86 

248.2 0.19 3.92 

240.0 0.12 2.41 

238.0 0.09 1.78 

236.0 0.06 1.18 

232.0 0.02 0.39 

222.4 0.02 0.37 
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Mallinckrodt Chemical Works,  St.   Louis,   Mo.   or were redistilled 

and checked for impurities that would give a response with the EC de- 

tector. 

GLC Operating Conditions 

The GLC was equipped with a four foot,   l/4-i.nch O.D.   glass col- 

umn packed with 2% SE-30/2% QF-1 on Anakrom ABS 70/80 mesh and 

a four foot,   1/4-inch O.D.   glass column packed with 5% OV-225 on 

Chromosorb G 100/200 mesh.    The OV-225 column was used only for 

the degradation pattern of heptachlor epoxide.    The analyses were con- 

ducted under the following conditions:    carrier gas,   95% argo.n-5% 

methane; column 180  C; column flow,   60 ml/min; injection port 205   C; 

o o 
splitter at trap 185  C; EC Detector 205   C.    GLC peak areas were 

computed by the method of height times width at half-height. 

Teflon Splitter 

A Teflon splitter.   Figure 5,   was attached to the glass column 

in the GLC.    Teflon was used because it was found that stainless steel 

tended to degrade DDT and its analogs.    The stainless steel tubing did 

not appear to degrade the other pesticides.    The splitter consisted of 

two 40 cm pieces of #19 standard-wall Teflon tubing.    One end of both 

pieces was cemented into a 400/200 Teflon ferrule using a high- 
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temperature epoxy resin.    The Teflon ferrule was attached to the glass 

GLC column with a Swagelok nut.    The other end of one tube was at- 

tached to the detector with the aid of a friction-tight 400/100 Teflon 

ferrule and a Swagelok nut.    The end of the tube extended several 

centimeters into the detector.    The other leg of the splitter was ce- 

mented into a Gyrolok 1/8 inches to l/l6 inches reducing union,   enlarg- 

ed with a #50 drill to accept the Teflon tube,   and mounted on a panel 

in the outer wall of the oven.    The tube was inserted to within 1 cm of 

the front of the union so that the end of the Teflon trapping tube would 

touch it when the trap was inserted into the fitting (Figure 5).    In this 

way,  the sample did not contact metal at any point in the system.    The 

splitter tube was heated by a rheostat-controlled heater in the space 

where it passed through the wall of the oven.    Measurement of flow 

indicated a 1:1 split of the effluent from the glass column.    The leg of 

the splitter which vented to the atmosphere could be closed off,   when 

desired,  by capping with a Swagelok fitting thus delivering the entire 

sample to the detector. 

Trapping Procedure 

The tubing for the sample traps was  #16 thin-walled Teflon. 

The transparency of the tubing to light of varying wavelengths was 

determined with a Beckman DB spectrophotometer.    As shown in 

Figure 6,   the percent transmission was 36 percent at 3 20 nm;  29 
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percent at 300 nm;  23 percent at 280 nm;  13 percent at 250 nm; and 5 

percent at 220 nm. 

The traps were 7 cm pieces of Teflon tubing.    With this trapping 

arrangement,   one or all of the separated components visible on the 

chromatogram could be trapped singly.    Dry ice was placed over the 

trap while collecting a sample.    As each component was collected,   the 

sample tube was removed and placed on the laboratory bench,  noting 

which end had been connected to the splitter.    Another piece of tubing 

was then readied for trapping the next component but not inserted into 

the fitting until elution of the component had started.    After comple- 

tion of the trapping,  the tube was crimped about 1 cm from the end 

which had not been attached to the splitter and placed in a metal clamp 

(Figure 7).    Fifty microliters of hexane were slowly added to the tube, 

taking care to rinse down the interior walls of the tube.    The tube was 

crimped about 1 cm from the open end and placed in another metal 

clamp.    The sample was then ready for irradiation. 

Irradiation Procedure 

Optimum irradiation time had been determined for each pesti- 

cide.      This was done by irradiating 20-30 |il hexane solutions of pesti- 

cide in a Teflon tube for various lengths  of time.    The irradiation time 

chosen was the minimal time that yielded about equal areas for the 

main degradation peak and for the parent peak. 



39 

add solvent 

Clamp (a spring-loaded 
no.   1  paper clip) 

t . clamp 

4- - mp 

Crimped Teflon 
Tube 

Figure 7.    Irradiation Assembly for Sample. 



40 

The sample was positioned directly in front of,   and 14 cm from, 

the lamp bulb.    Two samples  could be irradiated at one time.    The 

samples were placed in a special holder that had a light-tight sliding 

shutter (Figures 8a and 8b).      The shutter was kept closed until the uv 

lamp had been on for at least four minutes.      The shutter was then 

opened,   and the samples  irradiated for their predetermined optimum 

irradiation time.     Lamp warmup was found to assure a more uniform 

irradiation.      In this study,   no effort was made to measure the intensity 

of radiation nor to limit the broad spectrum produced by the lamp by 

the use of cut-off or band-pass filters. 

The temperature in the irradiation chamber was monitored by 

placing a thermocouple next to the sample holder.    Since the shutter 

is closed during the four minute lamp warmup time,   the temperature in 

the holder did not increase above room temperature until the shutter 

was  opened. . During irradiation,   the temperature ranged from 30   C 

for a 20 sec irradiation to 38   C for a five minute  irradiation. 

After irradiation,   the sample was injected into the GLC.    De- 

pending upon the concentration of the sample in the trap,   the total con- 

tents of the trap or a fraction thereof were injected. 

Trapping Efficiency 

Trapping efficiency for each pesticide was determined in the 

following manner.    With the splitter open,   a 5 \il sample of a' 
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pesticide was  injected and the component was trapped in the Teflon 

tube.      Fifty microliters of hexane were added to the sample tube and 

this total volume was reinjected into the GLC after the splitter had been 

closed.      The peak areas of the reinjected and original component were 

calculated and the ratio of these two areas multiplied by one hundred 

was the efficiency of trapping.    The range and attentuation settings on 

the GLC were the same for both runs. 

Sample Analysis 

Food samples were prepared for analysis according to the method 

of Mills  (1959).    The Florisil column cleanup technique was that of 

Bills and Sloan (1967) with slight modifications.    The eluting solvent 

was methylene chloride-petroleum ether (1:3 v/v) and the sample was 

concentrated by means of a rotary evaporator.      An aliquot of the sam- 

ple extract was then fortified with a mixture of the chlorinated pesti- 

cides used in this work.      The pesticides,   in order of their elution on 

the GLC column,  were lindane,   heptachlor,   aldrin,  heptachlor epoxide, 

p.p'-DDE,   dieldrin,  p.p'-DDD,   p, p'-DDT and methoxychlor.   The 

fortified extract was injected into the chromatograph and the pesticides 

were trapped,   irradiated,   and reinjected.    This was done to determine 

if substances present in food sample extracts would interfere with the 

degradation pattern that was normally obtained with the standards. 

The samples used in these analyses included the following: 
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butterfat, osprey egg, bacon fat, carrots, beets, hamburger, turnips, 

cucumbers,   chicken eggs,   soil,   spinach,   and carrots. 

Toxaphene and DDT 

As an extension of this work,   a project was undertaken to 

quantitatively determine small quantities of DDT in the presence of 

toxaphene.     This was necessary because the simultaneous elution of 

DDT and a component of toxaphene prevented making an estimation of 

the amount of DDT present.    DDC = 0 is the main degradation peak for 

DDT.    Since DDC=0 degrades upon irradiation in hexane solution,   ben- 

zene was used as the solvent.    Four solutions of DDT with concentra- 

tions of 2. 1,   4. 2,  8.4,   and 1 2. 6 .ng/5jxl were irradiated for a period 

of four minutes.    Five microliters of the solution were injected into 

the GLC,   the area of the DDC=0 peak was measured,   and the distance 

on the chromatogram from the injection point to the start and the end 

of the DDT peak was noted. 

Toxaphene solutions of about 50 ng per 5 |il concentration were 

made up.      DDT in concentrations of 5-10 ng per 5 |il was added to 

these solutions.    The toxaphene-DDT sample was injected and the com- 

ponent of the toxaphene that elutes concurrently with the DDT was 

trapped.      Benzene was added to the tube and the sample was irradiated 

for a period of four minutes.      The irradiated sample was injected into 

the GLC and the area of the DDC = 0 peak was determined. 
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RESULTS AND DISCUSSION 

Figure 9 shows a typical chromatogram obtained using a column 

packed with 2% SE-30/2% QF-1  on Anakrom ABS.      This column was 

chosen from several that were tried because it gave the best separa- 

tion of the pesticide mixture.    The concentrations of the pesticides 

used in obtaining this chromatogram were chosen so that all the com- 

ponents would be on scale at an electrometer setting of 10 x 64.     Each 

of these components could be individually trapped and irradiated. 

It should be noted that although lindane and methoxychlor were 

included in the literature review and were also present in the above 

pesticide mixture, no degradation pattern could be obtained for them. 

Lindane does not degrade,   and although methoxychlor does degrade, 

the degradation products were not detectable with the EC detector 

since complete dechlorination of methoxychlor apparently occurred. 

The retention times given in Table 3 are the average of six runs. 

It was observed that the retention time of a given compound could vary 

as much as 5-6 percent during the course of a day's operation.    To 

overcome this variation,   relative retention times  (RRT) are used when 

comparing different runs of the same compound.    The concentrations 

of the pesticide standards used for trapping and irradiation are also 

given in Table 3. 
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Figure 9.     Chromatogram of Pesticide Mixture. 
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Table 3.    Concentration,   relative retention times  (relative to aldrin) 
and optimum irradiation times of pesticides. 

Pesticide 
Concentration Relative Optimum 

.ng/5 |j,l sol.       retention times*   Irradiation time 

Li.nda.ne 1.3 

Heptachlor 3.2 

Aldrin 1.4 

Heptachlor Ep oxide 3.4 

o.p'-DDE 2.6 

p, p'-DDE 3.4 

o, p'-DDD 2.8 

Dieldrin 3.0 

o, p'-DDT 3.2 

p, p'-DDD 3. 2 

p, p'-DDT 4. 2 

methoxychl or 4.0 

0.557 

0.812 1. 5 min 

1.00 1. 5 min 

1.45 1.0 min 

1.56 15 sec 

2.00 15 sec 

2.14 1. 0 min 

2. 24 1. 0 min 

2.68 45 sec 

2.87 2. 0 min 

3.58 30 sec 

5.67 

*   Average of six runs 

By using the 0.053" diameter Teflon tubes for trapping and for 

irradiation,   it was possible to shorten the irradiation times consider- 

ably from those previously reported in the literature (Wichmann et al. , 

1946;  Robinson et al. ,   1966; Banks and Bills,   1968).      All of the pesti- 

cide molecules in the hexane solution are within a maximum distance 

of 1. 4 mm of the incident photons as compared to the maximum dis- 

tance of 10 mm in the quartz cuvettes frequently used.    This shorter 

distance would facilitate exposure of all of the pesticide molecules to 

photon interaction in a much shorter time.    The optimum irradiation 

times for each pesticide are given in Table 3. 



47 

Trapping Efficiency 

While conducting the trapping efficiency studies,   an effort was 

made to determine in what portion of the Teflon trap most of the resi- 

due was collected.    Samples were trapped in the usual manner and the 

trapping tubes were cut in half.     The ends of both halves were crimped 

and hexane was used to carefully wash the inside walls of the tubes. 

The hexane was then injected into the GLC.    It was found that greater 

than 90 percent of the collected residue was in the half of the trap that 

had been connected to the splitter. 

The trapping efficiency, as: given in Table 4,   was 90 percent or 

better for five of the pesticides.    It is noted that the pesticides whose 

trapping efficiency was below 90 percent were the DDT analogs.      Since: 

there was evidence that DDT was thermally degraded to a slight extent, 

it is suggested that a small amount of thermal degradation may be re- 

sponsible for the slightly lower values obtained for the trapping ef- 

ficiency. 

The thermal degradation peaks of o, p'-DDT and p, p'-DDT are 

presented in Table 5 and are shown in bar charts in Figures  12 and 

13,    The RRT of the thermal degradation products are the same for 

both isomers and in both cases,   the product at a RRT of 0.57 is com- 

pletely degraded as a result of irradiation. 
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Table 4.    Trapping efficiency. 

a 
Pesticide Percent Efficiency 

Lindane 100. 

90. Heptachlor 

Aldrin 93. 

Heptachlor Epoxide 91. 

o, p'-DDE 87. 

p, p'-DDE 86. 

o.p'-DDD 89. 

Dieldrin 98. 

o, p'-DDT ndb 

p^p'-DDD 89. 

p, p'-DDT ndb 

methoxychlor nd 

a 
average of three runs 

trapping efficiency could not be determined because thermal degrada- 

tion occurs upon injection of the trapped sample 

Irradiation Results 

Table 5 and Figures 10-13 give the results of irradiation of the 

pesticide standards.      For the sake of clarity and convenience,  the deg- 

radation patterns shown in Figures 10-13 are in the form of bar charts 

of the chromatograms.    No photodegradation peaks of less than 10 mm 

height are shown with the exception of the DDT samples.    In Table 5, 

the RRT is relative to the parent peak. 



Table 5.      Irradiation results at optimum irradiation times 
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Peak No.    Retention Relative Peak Peak DPA/ 
time,   min    retention time    Height,   mm   area,  mm       PPA 

Heptachlo: r (x64) 
1 3. 1 0.81 10. 21. 0.074 
2 3.2 0.85 140. 562. 1.97 
3 3.8 1.00 95. 285. 
4 4. 2 1.12 15. 60. 0.210 
5 5.6 1.48 16. 80. 0.281 

Aldrin (xl 6) 
1 4.0 0.80 156. 468. 1.13 
2 5.0 1.00 118. 413. 

Heptachlor Epoxide (xl6) 
1 15.4 1.00 106. 1166. 
2 19.8 1.28 36. 486. 0.417 
3 23.7 1.54 35. 578. 0.496 

o, p'-DDE (xl6) 
1 6.1 0.67 58. 203. 0.752 
2 7.3 0.80 18. 70. 0.259 
3 9.2 1.00 49. 270. 
4 10.6 1.15 11. 66. 0. 244 

p, p'-DDE (xl6) 
1 6.3 0.66 169. 845. 1.26 
2 7.5 0.79 3 2. 160. 0. 238 
3 9.5 1.00 96. 672. 
4 10.6 1.12 96. 720. 1.07 

o.p'-DDD (xl6) 
1 5.9 0.49 10. 45. 0.088 
2 7.6 0.62 11. 53. 0.104 
3 12.1 1.00 68. 510. 

Dieldrin (xl6) 
1 9.1 0.82 247. 1606. 1.06 
2 11.2 1.00 189. 1512. 



Table 5.    Continued. 
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Peak No.    Retention Relative Peak Peak DPA/ 
time,  min   retention time   height,   mm   area,   mm     PPA 

o, p'-DDT (xl6) The: rmal degradation0 

1 8.6 0.58 11. 66. 0.044 
2 11.8 0.80 5. 40. 0.027 
3 14.8 1.00 165. 1485. 

o, p'-DDT (xl6) 
1 5.7 0.39 3 2. 114. 0.582 
2 9.4 0.69 6. 33. 0.168 
3 11.8 0.80 3. 18. 0.092 
4 14.6 1.00 23. 196. 

p, p'-DDD (x64) 
1 6.6 0.46 14. 84. 0.109 
2 14.4 1.00 77. 770. 

p,p'-DDT (xl6)   Thermal degradation 
1 9.3 0.57 15. 120. 0.081 
2 13.0 0.80 5. 5 2. 0.035 
3 16.3 1.00 124. 1488. 

p, p'-DDT (xl6) 
1 6.5 0. 36 147. 698. 0.943 
2 14.4 0.80 14. 135. 0.182 
3 18.0 1.00 64. 740. 

all results are on the 2% SE-30/2% QF-1  column with exception of 
heptachlor epoxide which was on the 5% OV- 225  column. 

degradation peak area/parent peak area 

50 |j.l injection used here 
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Tests were conducted to determine the stability of the samples 

after irradiation.      Samples of p, p'-DDE were irradiated and a sample 

was injected at 2,   16,   29,   and 42 minutes after the end of the irradia- 

tion period.    The RRT did not change during this interval and the 

ratios of the degradation peak areas (DPA) to the parent peak area 

(PPA) remained constant.    This would also indicate that the Teflon 

tubing used as traps was chemically inert to the pesticide and its deg- 

radation products. 

It was noticed during the course of this work that for quantitative 

results the irradiation conditions had to be carefully duplicated.    A 

variation in irradiation conditions did not affect the retention times of 

the degradation products,   but it did have a rather drastic effect on the 

DPA/PPA ratio.    The irradiation chamber had been used in a chemical 

fume hood.    Near the close of this phase of the project,   it was moved 

to a smaller irradiation cabinet.    It was in this new location that it 

was noticed that the DPA/PPA ratio was affected if irradiation condi- 

tions and geometry were not closely duplicated. 

The degradation patterns were confirmed by repeated determina- 

tions and were qualitatively reproducible with respect to the number 

of peaks and their GLC retention times.    Only when subnanogram 

amounts of material were used did some of the minor degradation peaks 

disappear,   i.e.  heptachlor,  but at least one major degradation peak 

was always present that could be used for identification purposes. 
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Heptachlor and Heptachlor Epoxide 

Four degradation peaks were obtained for heptachlor,   with only 

one of them, RRT ■* 0,85,- being a major degradation peak.    When 

heptachlor was irradiated in subnanogram quantities,  the peak at 0.85 

RRT was the only degradation peak that could be observed.      The major 

degradation product of heptachlor is probably one or both of the mono- 

dechlorinated derivatives.      Two hexachloro isomers were reported by 

McGuire et al. (1970),   and these were the only products found when 

low concentrations of heptachlor were irradiated in hexane.    No RRT 

were reported by McGuire,   so these cannot be compared.    Rosen et al. 

(1969,   1970) reported on the photolysis of heptachlor,   but theyobtained 

only the cage compound since they .irradiated a benzene solution of 

heptachlor using benzophenone as a sensitizer.      Banks and Bills (1968) 

reported obtaining six degradation peaks for heptachlor,   with two of 

them being major peaks. 

As mentioned in the literature review,   little has been reported 

on heptachlor epoxide.    With the SE-30/QF-1 column,   the heptachlor 

epoxide degradation peaks were not separated from the parent peak. 

Using the more polar OV-225 column,   two degradation peaks were 

separated.    Banks and Bills had reported two degradation peaks,  but 

their order of elution was reversed to these results.    The more polar 

OV-225 column was probably responsible for this difference. 
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Aidrin and Dieldrin 

Only one degradation product was obtained with aldrin and 

dieldrin with a RRT of 0.80 and 0.82 respectively.    Banks and Bills 

(1968) reported only one degradation product for each of these pesti- 

cides.    Since this work involved only laboratory uv light,  there was no 

evidence on any of the chromatograms of the production of the hexa- 

cyclo cage compound. 

These degradation products are most probably pentachloroaldrin 

and pentachlorodieldrin.    Henderson and Crosby (1967) made the 

pentachloro derivatives by irradiating hexane solutions of aldrin and 

dieldrin with a uv lamp.    The pentachloro compounds were the only 

photoproducts detected in significant quantity.     Using a GLC with a 10% 

SE-30 column at a temperature of 176  C and flow rate of 40 ml/min, 

they reported a RRT of 0.80 for pentachloroaldrin and 0.76 for penta- 

chlorodieldrin.    In a paper just published,   Benson (1971) reported 

making the pentachlorodieldrin and although he reported no actual 

RRT,   he presented a chromatogram,   Figure  2 in his paper,   showing 

the pentachlorodieldrin and parent dieldrin peaks.     This chromatogram 

indicated a RRT of approximately 0.80,   using a GLC with a 10% DC-200 

column at a temperature of 200   C and flow rate of 120 ml/min. 
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DDT and Its Analogs 

DDC = 0 is the major degradation product for DDT,   DDD,   and 

DDE.    This is the product shown in Table 5 at a retention time of    . 

6,13 mill for p, p'-DDE,   6.6 min for p, p' -DDD,   and 6.5 min for p, p'- 

DDT.     This was verified by running a sample of pure DDC=0 on the 

GLC.    The absolute retention times given by the pure compound varied 

from 6. 3 to 6. 7 min.    Other degradation products listed in the litera- 

ture (Mosier et al.,   1969; Plimmer et al.,   1970),  are a trichloro- 

benzophenone,   3, 6-dichlorofluoreno.ne,  p, p'-dichlorodiphenyl,   chloro- 

benzoic acids,  methylchlorobenzoate,   chlorophenols,  bis(p-chloro- 

phenyl) ethanoic acid ajid the intermediate compound 2, 3-dichlorp-.l, 1,4, 

4-tetrakis(p-chlorophenyl)-2-butene.    Other   intermediate and end- 

products are suspected of being present but have not yet been identi- 

fied or reported.   Very few of these are present in sufficient quantity 

to appear on the normal degradation pattern.    This is evidenced by the 

fact that only three degradation peaks are shown for DDE (both o, p' 

and p, p'),   only one degradation peak (DDC=0) for p, p'-DDD and two 

degradation peaks for p, p'-DDT. 

DDC = 0,   DDE and DDD are considered to be the initial degrada- 

tion products of DDT,   but DDE is not detected as an irradiation pro- 

duct of DDT in hexane because it is degraded as fast as it is formed. 

It is interesting to note that the two thermal degradation peaks of DDT 
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have the same RRT witk respect to DDT as do DDD (0.80) and DDE 

(0. 57) on the chromatogram shown in Figure 9.    This would explain 

the disappearance upon irradiation of the thermal degradation peak with 

RRT = 0.57.    (Optimum irradiation time for DDE is 15 sec,  while it is 

30 sec for DDT.)   DDD (RRT 0.80) is relatively more stable to irradia- 

tion than is DDT and thus this thermal degradation peak increases in 

size upon irradiation. 

Analysis of Soil,   Food,  and Biological Samples 

All of the samples tested proved to be responsive to this tech- 

nique.    Extracts of these samples were fortified with the seven pesti- 

cides,  heptachlor,  aldrin,  heptachlor epoxide,  p, p'-DDE,   dieldrin, 

p, p'-DDD and p, p'-DDT,   and at concentrations approximating those 

shown in Table 3.    Each component was then trapped and the identi- 

fication procedure previously described was followed to test the effect 

of any coextracted material on the degradation patterns obtained.    In 

each case the added pesticide degraded exactly as the reference stan- 

dards. 

A 10 |Jil portion of all of these extracts  was   run  through the GLC 

before they were spiked.    Any peak that had a retention time similar 

to any of the seven pesticides was trapped and irradiated.    If the 

characteristic "fingerprint"  for. that particular pesticide was obtained, 

this was considered verfication for its presence in the sample. 
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In some cases,  the quantity of a component was present in such 

small amounts that there would be insufficient detector response on the 

injected irradiated sample.    In those cases,   successive trappings were 

made.    In doing successive trapping,   10 |JL1 of the sample were in- 

jected into the GLC and the desired component was trapped.    After the 

complete elution of that sample,   another 10 |j.l injection was made from 

the original sample and the desired component was trapped in the same 

trap that was used in the previous run.    Atotal of three successive 

trappings have been done on some samples before irradiation.    This 

improves the clarity of the pesticide degradation pattern,   particularly 

with DDT and its analogs.    With some of these pesticides,   particularly 

aldrin and dieldrin,   it was possible to get a clear degradation pattern 

with very small quantities of material.      A very good "fingerprint" 

degradation pattern was obtained with 0.07 ng of aldrin. 

Coextracted materials or artifacts are known that cause peaks 

with the same retention times as some pesticides  (Glotfelty and Caro, 

1970; Deubert,   1970).    Pearson,   Aldrich and Stone (1967) reported 

finding that elemental sulfur was an aldrin artifact,  having the same 

retention time as aldrin. 

Some butterfat samples were spiked with mixtures of aldrin and 

elemental sulfur in various proportions so that the peak heights in the 

various  samples were about equal.    With the aid of a calibration curve, 

degradation peak area versus nanograms of aldrin,   it was possible to 
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determine the amount of aldrin present in each peak from the degra- 

dation peak area following irradiation of the trapped sample.      This 

could be done with other pesticides as long as the degradation peak it- 

self does not further degrade when irradiated. 

On a number of the vegetable samples,   a symmetrical peak ap- 

peared with exactly the same retention time as aldrin.    Sans  (1967) 

reported finding an aldrin artifact in turnips.    This peak was always 

trapped and irradiated.    On only one sample was the "fingerprint" 

degradation pattern of aldrin obtained,   and this indicated that some 

coextracted materials or artifacts were present and were responsible 

for most of the peaks.     On several occasions these peaks were trap- 

ped and reinjected without irradiation.      The same,   but smaller,  peaks 

and retention times were obtained.    Thus the trapping and irradiation 

of a component provides a quick means for the verification of the pres- 

ence of a pesticide in a sample. 

DDT and Toxaphene 

Cahill,   Estesen,   and Ware (1970) were conducting a DDT residue 

monitoring program and in 1969 encountered substantial residues of 

toxaphene.      Toxaphene is composed of numerous components one of 

which interferes with the DDT peak and makes quantitation difficult, 

if not impossible. 
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It was believed that the method used in the present research 

could be applied to this problem.    In this work,  DDT exhibited one 

main degradation peak,   which has been shown to be 4, 4' -dichlorobenzo- 

phenone  (DDC=0).    It was also determined that DDC = 0 is degraded 

when irradiated in hexane or a hydrogen-donor solvent.    If it were 

possible to quantitate the DDC=0,  then it should be possible to closely 

estimate the ^.mount of DDT present in a sample. 

Benzene was chosen as the solvent since DDC = 0 does not degrade 

in benzene and four minutes   was chosen   as the optimum irradiation 

time for these DDT solutions.    An average of eight runs were made 

at each of four DDT concentrations.    These results are shown in Table 

6 and Figure 14. 

Table 6.    Degradation peak area at various concentrations of DDT in 
benzene. 

Degradation3" 
DDT Concentration,   ng peak area,  mm 

Standard 
2.1 68. 
4.2 118. 
8.4 226. 

12.6 318. 

DDT + toxaphene (50 ng/5 ^1) 
3.5 102. 
7.0 192. 

10.5 279. 

average of 6^10 runs 



63 

u 
< 

n) 
v 
ft 
0 
o 

• H 

n) 
ni 

M 
(U 

Q 

350 

300 

250 

200 

150    _ 

100    - 

50     _ 

4 6 8 10 

Concentration of DDT,   ng 

12 

Figure 14.    Degradation Peak Area vs Concentration of p, p'-DDT in 
Benzene. 



64 

A toxaphene solution (50 ng/5 \il) was divided into three aliquots 

and to one was added 3.5 ng DDT,   to the second 7.0 ng DDT,   and to the 

third 10.5 ng DDT.    It had earlier been shown that the particular toxa- 

phene peak that masked the DDT peak degraded only slightly upon uv 

irradiation and gave no peaks whatever that would interfere with the 

DDC = 0 peak.    The toxaphene component containing the DDT was trap- 

ped and irradiated and the area of the DDC = 0 peak was calculated.    The 

results are shown in Table 6 and it can be seen in Figure 14 that the 

three values obtained agreed very closely with the previously deter- 

mined standard curve. 

It would appear that this method might offer one solution to this 

problem.    Further work in this area should be carried out.    For 

instance,  the minimum amount of DDT that could be present and still 

give reliable and reproducible DDC=0 peak areas was not determined. 
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SUMMARY 

Identification of chlorinated pesticide residues by their uv degra- 

dation patterns is a simple,   rapid procedure which has proven to be 

applicable to a variety of environmental samples. 

A technique was also developed so that individual components on 

a chromatogram could be trapped and irradiated without transferring 

the sample.      The degradation products were then separated by GLC. 

This trapping procedure could be used as a means of isolating a   com- 

ponent for purposes other than irradiation.    If the component were 

present in large enough quantity,   a sample could be trapped for use 

in infrared spectroscopy or mass spectrometry.    For a component 

present in a small quantity,   multiple trapping could be attempted in 

order to obtain a large enough sample. 

The presence of an artifact was easily detected by this method. 

By trapping a component and irradiating it,   the degradation pattern 

obtained will indeed reveal whether the component is a chlorinated 

pesticide.    When an artifact masked a pesticide peak such as aldrin, 

it was possible to determine the amount,   if any,   of aldrin that was 

present in the sample. 

The combination of photolysis with EC-GLC results in a "finger- 

print" chromatogram which is specific for a given pesticide.    This 

provides a rapid method for the unequivocal identification of the 
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subnanogram quantities of chlorinated pesticides that are found in 

many environmental samples.    This method should now be applied to 

other types of pesticides for identification purposes. 
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