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Pesticide residues in human adipose tissue and liver 
tissue samples were identified by mass spectrometry 
coupled with gas chromatography. An extensive 
extraction and cleanup procedure was adapted from 
existing analytical methods to  separate pesticide 
residues from the tissue samples. Concentration 
of pesticides in tissue ranged from 0.073 to  28.7 
ppm. Mass spectral data were computer-enhanced 

to  identify heptachlor epoxide. Other pesticides 
confirmed included the P-isomer of 1,2,3,4,5,6-hexa- 
chlorocyclohexane (HCH), several isomers and 
metabolites of p,p’-DDT, and dieldrin. Advan- 
tages, limitations, and suggested modifications for 
improving the combined gas chromatography- 
mass spectrometry technique for pesticide residue 
analysis are discussed. 

M ass spectrometry coupled with gas chromatography 
is a particularly useful approach t o  the analysis of 
pesticide residues and their metabolites because 

positive identification of the components of a mixture can be 
made without prior separation and at  a sensitivity compat- 
ible with the limited quantities of residues encountered. 
Mass spectrocetry is widely employtd for analysis of indi- 
vidual residues and metabolites isolated by conventional sepa- 
ration techniques such as thin-layer chromatography, liquid 
chromatography, paper and column chromatography, and 
gas-liquid chromatography ; yet few reports can be found in 
the literature on  the utility of the combined gas chroma- 
tography -mass spectrometry method for residue analysis. 

Several specialized techniques are available for efficient 
trapping and collection of individual gas chromatographic 
peaks for subsequent mass spectral analysis by the direct 
probe introduction method (Amy et al., 1965; Damico et al., 
1967; Muller, 1963; Mumma and Kantner, 1966). These 
methods, although practical and reliable, are time-consuming 
and may risk sample loss by oxidation or hydrolysis. Amy 
et a/. (1965) previously listed a number of disadvantages of 
the direct technique, such as memory effects associated with 
molecular separators and ion source pressure fluctuations 
due to flow of carrier gas into the mass spectrometer system. 
These disadvantages, however, are no longer a serious prob- 
lem in view of the improvements made in commercially 
available instruments. In addition, decomposition of the 
components of gas chromatographic effluents can be mini- 
mized by conversion to  all-glass inlet systems or  by use of glass 
capillary columns of sufficiently small inner diameter to  allow 
direct entry to  the ion source (McFadden, 1966). 

Recent reports have focused attention on  the need for con- 
firming pesticide residues, particularly those isolated from 
environmental samples (Elgar, 1967; Schechter, 1968) and 
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for chemical identity in ultramicroanalysis in general (Robin- 
son et al., 1966). In  this area the combined technique of gas 
chromatography-mass spectrometry offers many advantages 
over other forms of spectroscopic techniques and physical 
measurements. These advantages include an increase in the 
speed of analysis, elimination of the necessity for isolating 
minute quantities of pure sample, and greater certainty in 
identification of the eluted component than that achieved by 
gas chromatographic retention times alone (Watson and 
Biemann, 1965), a n  advantage of particular importance for 
residue confirmation. Mass spectrometry allows direct 
determination of molecular weight and, frequently, the num- 
ber and kinds of heteroatoms present in the molecule. Addi- 
tionally, full identification and structural information can be 
obtained by a thorough analysis of the spectrum. 

This communication reports the practical application of gas 
chromatography-mass spectrometry to  residue analysis of 
several chlorinated hydrocarbon residues in human tissue 
samples. The mass spectrum of each pesticide eluted from 
the gas chromatographic column was obtained and compared 
with those available in  the literature (Damico et al., 1968; 
Jorg et al., 1966; Kantner and Mumma, 1966) or from 
standard pesticidal compounds. These pesticides all gave 
easily recognizable molecular ion peaks and characteristic 
ion fragments. The number of chlorine atoms in each frag- 
ment ion, including the parent ion, was readily determined 
by the specific isotopic distribution pattern (Beynon, 1960). 
Initially, the objectives of this endeavor were to  determine 
which available analytical procedure offered the best approach 
to sample extraction and cleanup with minimum gas chroma- 
tographic and mass spectrometric interferences; to ascertain 
the lower practical limit of identification of pesticide residues ; 
and to establish the ability of the combined gas chroma- 
tograph-mass spectrometric method t o  distinguish among 
configurational isomers (e.g., the isomers of 1,2,3,4,5,6-hexa- 
chlorocyclohexane, HCH) and structural isomers [e .g . ,  
1, l  -bis-(p-chlorophenyl)-2,2,2-trichloroethane and 1 -(o- 
chlorophenyl)-l-(p-chlorophenyl)-2,2,2-trichloroethane; p,p’- 
DDT and o,p’-DDT, respectively]. 
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Figure 1. Analytical scheme for isolation of pesticide 
residues from adipose tissue and liver tissue 

EXPERIMENTAL 

Extraction and Cleanup. Human adipose tissue and liver 
tissue obtained from the Dade County Medical Examiner's 
office were used as working samples in this investigation. It 
was desired to obtain tissue samples containing a relatively 
large variety of chlorinated hydrocarbon residues and in as 
wide a concentration range as possible. To provide a reason- 
ably thorough and extensive cleanup procedure, several avail- 
able methods were combined in the analytical procedure. The 
final scheme used in this work is shown in Figure 1. For 
each determination, 5 g of tissue was analyzed. Methods 
described in the Pesticide Analytical Manual (Food and Drug 
Administration, 1966) were used for initial extraction, liquid- 
liquid partitioning, Florisil column cleanup, and electron 
capture gas chromatographic analysis of the residues. An 
alkaline hydrolysis was performed on the extract obtained 
from fraction 2 of the Florisil column cleanup because of the 
large quantities of lipids and other tissue extractives co-eluted 
with the pesticide residues. 

The individual extracts from fraction 1 and fraction 2 of the 
Florisil chromatographic step were then concentrated and 
subjected to  further cleanup and pesticide residue fractiona- 
tion by silica gel column chromatography, employing a 
published procedure (Kadoum, 1967). The concentrated 
extracts were chromatographed on  10 g of silica gel with the 
solvents and solvent volumes reported previously (Kadoum, 
1968). The pesticide residues were thus distributed among 10 
column chromatographic eluent fractions. The order of elu- 
tion of the individual pesticides has been elaborated by 
Kadoum. 

Selected chromatographic fractions containing the desired 
pesticide residues were then combined to form two larger 
fractions, the first of which contained isomers of DDT and 
DDE,  and the second contained DDD, isomers of HCH, 
and the cyclodiene-type pesticides. Considerable care was 
used in the various solvent concentration steps to avoid 
loss of pesticides and permit injection of virtually the entire 
extract into the gas chromatograph after the final column 
chromatographic step. Thus, solvent volumes were reduced 
to 0.5 ml by Kuderna-Danish evaporative concentrators. 
This volume of solvent containing the pesticide residues 
was then transferred quantitatively to  a 2-ml concentrator 
tube and evaporated using a stream of clean, dry nitrogen 
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Figure 2. Electron capture gas chromatograms of pesticides isolated 
from human tissue 
Column, mixed phase 1.5% OV-17/1.95% QF-1 on Chromosorb W 
(HP); column temperature 200" C, detector temperature 215' C; 
injector temperature 225 C 
A. Upper trace. Adipose tissue extracts. fractions 1 and 2 
immediately after Florisil column cleanup. nitrogen gas flow 45 
ml/min, chart speed * 4 in./min 
B. Lower trace. Liver tissue extracts, fractions 1 and 2 immedi- 
ately after Florisil column cleanup, nitrogen ,ea> flon 70 ml/min, 
chart speed % in./min 

to  a final volume of 5 pl, which was then analyzed by gas 
chromatography-mass spectrometry. 

The silica gel column chromatographic procedure was 
utilized in an attempt a t  further cleanup of the sample ex- 
tract and as a pesticide fractionation step designed to allow 
the analyst to choose residues or groups of residues for 
analysis by gas chromatography-mass spectrometry. The 
relatively large diameter and short length of the gas chroma- 
tography columns used in the mass spectrometric analysis 
resulted in somewhat low separation efficiencies for several 
of the pesticides found in the tissue samples. and consequently, 
prior separation of some of the pesticides was required. 

Electron Capture Gas Chromatography Determination. 
The individual fractions collected from the Florisil column 
step were analyzed by gas-liquid chromatography using elec- 
tron capture detection. Minimum sample loss occurred at  
this step. A Micro-Tek M T  220 gas chromatograph 
equipped with a 3H electron capture detector was used. The 
conditions under which the analytical separation were carried 
out are given in Figure 2. Table I lists the chlorinated hydro- 
carbon residues found and their respective concentrations 
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Table I. Identity and Concentration of Pesticide Residues 
Found in Human Tissue Samples 

A. Adipose Tissue B. Liver Tissue 
Concen- Concen- 
tration tration 

p-HCH 0.96 Lindane 0.  40a 
Heptachlor epoxide 0.52 Heptachlor epoxide 0,07 
p,p'-DDE 28.71 p,p'-DDE 3.56 
Dieldrin 1 ,04 Dieldrin 0.34 

o.p'-DDT 0.63 p,p'-DDT 0.45 
p,p'-DDT 7.65 

Pesticide (PPm) Pesticide (PPm) 

p,p'-DDD 0.30 p,p'-DDD 2.00 

A total of 2 pg of lindane was added to the liver tissue sample prior 
to extraction and cleanup. 

based on relative retention and peak height data obtained 
from reference standard pesticide chromatograms. Since 
no recovery studies were performed utilizing the combined 
extraction. liquid-liquid partitioning, Florisil column cleanup, 
and silica gel chromatographic fractionation methods, it 
should be pointed out that the quantitative data given in 
Table I represent approximations of the actual concentrations 
of residues in the tissue extract finally analyzed by gas chroma- 
tography-mass spectrometry. However, recovery data for the 
individual steps of the described method are well documented 
in the original literature references and are uniformly accept- 
able for the individual pesticide residues found in the human 
tissue samples studied. 

Gas Chromatography-Mass Spectrometry. The mass spec- 
trometric analyses were performed with a double focusing, 
medium resolution mass spectrometer (Model 270, Perkin- 
Elmer Corp.. Norwalk, Conn.) coupled through a Watson- 
Biemann thpe of molecular separator with a gas chroma- 
tographic s> stem. The coiled glass gas chromatographic 
column was 4 f t  long by 
OV-210 on 80 100 mesh Chromosorb W (HP) obtained from 
the Pierce Chemical Co., Rockford, Ill. Programmed tem- 
perature anal! ses were made with the oven initially at 150" C 
for 1 min. followed by a 5"/C min increase to  200" C ;  finally, 
the oven u a s  held isothermally at  200" C. The molecular 
separator and gas inlet temperatures were maintained at 150 
and 210" C. respectively. All mass spectra were recorded at 
80 e.v. electron energy with 2300 V accelerating voltage; 
the filament emission current was 100 pa. Chromatograms 
were recorded from the total ion-current monitor located 
between the electrostatic and magnetic analyzer sectors. 
Helium carrier gas flow rate was 10 ml per min. Injector 
temperature was 165' C. Mass spectra were scanned mag- 
netically over the range nzje 5 to  500 in 6 sec. 

In the initial phases of this work considerable decomposi- 
tion of pesticides injected into the gas chromatographic unit 
occurred in the stainless steel restricter line, transfer line, and 
fritted glass molecular separator of the manifold system. 
This degradation was manifested as a diminished intensity 
molecular ion peak for several pesticidal compounds ex- 
amined, including p.p'-DDT and lindane. In some cases, 
pesticide identit) was confused, particularly at concentrations 
below 1 pg. The following instrumental modification and 
silanization treatment greatly alleviated this problem. The 
stainless steel transfer line, restricter line, and Kovar glass-to- 
metal seal portion of the molecular separator were removed 
and replaced with glass capillary tubing to  minimize contact 
of eluted pesticides with hot metal surfaces. The entire glass 
separator assembly was then washed with hot nitric acid. 

in. o.d., and was packed with 3 

water, acetone, benzene, and hexane, silanized with N,O'- 
bis-trimethyl silyl acetamide (Pierce Chemical Co., Rockford, 
Ill.), and reinstalled. In addition, polar chemisorption was 
further deactivated by silanization in situ of the gas chroma- 
tographic column, fritted glass molecular separator, and trans- 
fer lines by using a published procedure (MacLeod and Nagy, 
1968). 

Heptachlor epoxide (1,4,5,6,7,8,8-heptachloro-2,3-epoxy- 
2,3,3a,4,7,7a-hexahydro-4,7-methanoindene) was determined 
by a recently developed procedure for enhancing mass spectral 
data by means of a time averaging computer (Biros, 1970). 
Repetitive rapid scanning and spectrum accumulation in the 
region of the parent molecular ion for heptachlor epoxide 
produced a considerably enhanced isotopic distribution 
pattern characteristic of a molecule containing seven chlorine 
atoms and having a molecular weight of 386. 

RESULTS A N D  DISCUSSION 

Mumma and Kantner (1966) reported that 0.1 ppm of 
halogenated pesticides in alfalfa and wheat samples gave 
sufficient residues for analysis by mass spectrometry. These 
workers utilized a gas chromatographic trapping technique in 
conjunction with mass spectrometric analysis by a direct 
introduction probe. Residues as small as 0.1 pg were deter- 
mined in this fashion. Because of the relatively large diani- 
eter of the gas chromatographic columns utilized in this work 
and the probability that up to  60% of the sample is lost by 
using a fritted glass tube molecular separator (Grayson and 
Wolf, 1967), it was anticipated that the minimum sample 
required for analysis would be of the order of 0.2 to  0.3 p g ,  
corresponding to  0.04 to 0.06 ppm of the pesticide residue 
based on the quantity of tissue analyzed. Examination of 
the electron capture gas chromatogram (Figure 2) of the 
adipose tissue sample reveals that seven pesticide residues 
were present in concentrations ranging from 0.30 to 28.7 
ppm (Table I). By relative retention time data, these were 
determined to  be the p-isomer of H C H ;  heptachlor epoxide; 
2,2-bis-(p-chlorophenyl)-l,l-dichloroethylene (p,p'-DDE), 
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-dimethanonaphthalene (dieldrin), 
2,2-bis-(p-chlorophenyl)- 1,l -dichloroethane ( p , p  '-DDD), o,p '- 
DDT,  and p,p'-DDT. The pesticide residues were con- 
veniently separated by silica gel chromatography into two 
fractions, each of which contained pesticides eluted with 
sufficient resolution for proper identification. The total ion 
current traces of the adipose tissue extracts are shown in 
Figure 3. The mass spectra of authentic reference com- 
pounds were compared with those of the components of the 
extract to identify the following pesticides. (Discussions of 
fragmentation modes, mass spectral peak intensities, and 
identities of pesticides under electron impact-induced ioniza- 
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Figure 3. Total ion current traces of extracts containing pesticide 
residues isolated from adipose tissue (A) fraction 1; (B) fraction 2 
(see text) 
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Figure 4. Mass spectrum of the p-isomer of 1,2,3,4,5,6-hexachloro- 
cyclohexane isolated from adipose tissue 

tion have been reported by Damico et al., 1968; Jorg et a/., 
1966; and Kantner and Mumma, 1966). 

Peak 1. p,p'-DDE. mje 246 ( l o o x ) ,  318 (83x) ,  316 
(molecular ion, 6673, 248 (58%), 320 (41 x), 176 (41 z), 
210 (16%). 

Peak 2. o,p'-DDT. m/e 235 (loo%), 237 (70%), 165 
(40z) ,  75 (2073, 199 ( 1 8 z ) ,  246 (IS%), 352 (molecular ion, 
3 73. 

Peak 3. p,p'-DDT. mle 235 (loo%), 237 (72x) ,  165 
( 4 8 z ) ,  75 (2273, 50 (18%), 51 (9%), 352 (molecular ion, 
2 %I. 

Peak 4. P-HCH. m/e 109 (lOOz), 219 (85%), 181 (78z) ,  
183 (8Oz), 111 (62%), 193 (62%), 288 (molecular ion, 473 .  

Peak 5. Heptachlor epoxide. m/e 81 (loox), 353 (84%), 
355 (76%), 351 (48 x), 357 (35 x), 237 (33 %), 386 (molecular 
ion, 8%). 

Peak 6. Dieldrin. m/e 79 (loow), 108 (19x) ,  263 (18z) ,  
277 (19%), 279 (16%), 345 (773,  378 (molecular ion, 3 z). 

Peak 7. p,p'-DDD. mje 235 (loo%),), 237 (6673, 165 
(58%),  75 (21%), 82 (16z) ,  88 (16%), 318 (molecular ion, 

As expected, the mass spectrum of 8-HCH (Figure 4) a t  
low resolution and at the concentrations encountered in the 
analysis was indistinguishable from spectra of reference 
samples of the three remaining isomers (a- ,  y-, and 6-HCH) 
occasionally found as residues in human tissue. Conse- 
quently, identification of this pesticidal compound as P-HCH 
must be corroborated by gas chromatographic retention time 
data. A similar difficulty arose with 0.p'-DDT and p,p'-  
DDT. At high concentrations and under controlled condi- 
tions, these configurational and structural isomers can be 
differentiated by ion intensity ratios of characteristic ion 
fragments (Damico, 1969). However, at the lower concentra- 
tions at which they are encountered as residues and under 
the conditions of the analysis, the mass spectral properties 
of o,p'-DDT and p,p'-DDT are too similar to  allow identi- 
fication on this basis alone, and their identification requires 
gas chromatographic retention time data. in addition to  mass 
spectral fragmentation patterns, peak intensities, and molec- 
ular weights. Adequate and definitively characteristic mass 
spectral data were, however, obtained for the remaining 
pesticide residues isolated from the adipose tissue sample. 
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Figure 5. Total ion current traces of extracts containing pesticide 
residues isolated from liver tissue (A) fraction 1; (B) fraction 2 (see 
text) 
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Figure 6. Computer time averaged spectrum (10 scans) 
of the molecular ion region of heptachlor epoxide, mJe 
380 to 400, isolated from liver tissue 

The total ion current traces of the residue extracts of the 
liver tissue sample are presented in Figure 5. Five pesticides 
were isolated from the liver tissue, as shown in Table I. 
Lindane at  0.4 ppm was added to  the tissue sample prior to  
extraction. Pesticides were identified on the basis of the 
following mass spectral data. 

Peak 1. p,p'-DDE. mje 246 (10Oz) 318 ( S O X ) ,  316 
(molecular ion, 6 3 x ) ,  248 (5973, 320 (3973. 176 (4473, 210 
(18 %I. 

Peak 2. p,p,'-DDT. m/e 235 (loow), 237 (69%), 165 
(51%), 75 (25%), 50 (2073, 51 (1273, 352 (molecular ion, 
3 %I. 

Peak 3. Lindane. m/e 109 (loo%), 111 (7973, 181 
(967% 183 (967% 219 (937% 217 (8073, 51 (4673, 288 
(molecular ion, 3 z). 

Peak 4. Heptachlor epoxide. Molecular ion isotope 
group at  mie 386, 388, 390, 392, 394 (Figure 6). 

Peak 5. Dieldrin. mje 79 (lOOZ), 108 (16%), 263 (15%), 
277 (IS%), 279 (16z) ,  345 (SZ), 378 (molecular ion, 373.  

Peak 6. p,p'-DDD. mie 235 (loo%), 237 (69%), 165 
(52x) ,  75 (18z ) ,  82 (15%), 88 (15z ) ,  318(molecular ion,6~) .  

Relative ion intensity data of the mass spectra of reference 
samples of the four isomers of HCH were compared with the 
mass spectrum of Peak 1. 

Data again showed too wide a discrepancy to allow con- 
firmation of lindane on this basis alone. Gas chroma- 
tographic retention time data, however, permitted definitive 
identification. Heptachlor epoxide was identified by ac- 
cumulating 10 scans of the mass spectrum of Peak 4 in the 
region of 1n:e 380 to  400. Figure 6 illustrates the results of 
the computer scans plotted in analog form on an X-Y re- 
corder. The characteristic isotopic distribution pattern 
for seven chlorine atoms is clearly recognizable. These data, 
along with the molecular weight obtained from this group of 
mass spectral peaks (386 amu), and gas chromatographic 
retention time data, identified Peak 4 as heptachlor epoxide. 
The remaining pesticides were directly identified by comparing 
mass spectral data with those of reference standard materials 
and literature mass spectra. 

CONCLUSIONS 

The combined gas chromatography-mass spectrometry 
technique has been successfully applied to the identification 
and confirmation of pesticide residues isolated from human 
adipose and liver tissue samples. A general extensive 
extraction and cleanup technique adapted from existing 
methods was used to  isolate and purify residues. Pesticides 
were separated by a silica gel chromatographic step into two 
fractions with sufficient resolution on  the gas chromatographic 
column for identification of seven pesticide residues from the 
adipose tissue sample and six pesticide residues from the liver 
tissue sample. These include: 8- and -pHCH. heptachlor 
epoxide, dieldrin, p,p  '-DDE, p ,p  '-DDD, 0.p '-DDT, and 
P,P'-DDT. 
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Instrumental sensitivity was sufficient to identify residues 
at concentrations of 0.30 ppm. Recently developed com- 
puter enhancement techniques permitted identification of 
heptachlor epoxide residues at a level of 0.073 ppm. Defini- 
tive confirmation of pesticide residues was obtained by 
comparison of parent and fragment ion intensities and mass 
numbers of eluted residues and reference pesticides. Some 
difficulties were encountered in the absolute confirmation of 
configurational and structural isomers where mass spectral 
peak intensities and mass values of characteristic fragment 
ions were too similar under the conditions of the analysis. 
In these instances, however, identification was made readily 
on the basis of gas chromatographic retention times. The 
estimated lower limit of detectability of pesticide residues by 
the analytical scheme and instrument configuration reported 
is approximately 0.05 to  0.1 ppm. This can be improved 
considerably by instrumental modifications utilizing either 
glass capillary gas chromatographic columns with direct 
entry to the ion source or possibly other types of molecular 
separators such as the membrane type, which provide some- 
what greater sample recoveries. In addition. the inclusion of 
an electron capture detector and splitter arrangement in 
tandem with the molecular separator would allow simul- 
taneous gas chromatographic recording of pesticide effluents 
with minimum sacrifice of sample. Thus mass spectrometric 
identification and electron capture detection and quantitation 
of pesticide residues from a single gas chromatographic injec- 
tion would be possible. Work is currently in progress on  
these and related areas of pesticide residue analysis and 
confirmation by GC-MS. 
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