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A b s t r a c t  

A method is described for identifying a 
chlorinated pesticide in crude extracts (i) at 
1 ppm by low resolution mass spectrometry with 
the aid of a recently developed temperature 
controlled probe and (ii) at 0.01 ppm by high 
resolution techniques using a photoplate record 
to determine the mass deficient ions containing 
chlorine. 

This analytical method is feasible wherever 
ions of the same elemental composition as those 
derived from an unknown are not otherwise present 
in the crude extract mass spectrum. 

Introduction 

The use of mass spectrometry for the 
identification of pesticides has been suggested in 
recent years and its advantages for residue analysis 
adequately discussed (1-6 and references cited 
therein). The combination of GLC with mass 
spectrometry was found particularly useful (7-9). 
Because of the sensitivity of mass spectrometry and 
its ability to unambiguously identify ions derived 
from specific compounds, its use for the detection of 
pesticides in crude extracts has been suggested (I). 
Time consuming clean-up and separation steps 
would thus be avoided and loss or chemical change 
of the residue prevented. 

~Issued as NRCC No. 11254. 
2presented at the CIS-ACS Meeting, Toronto, Canada, 
May 24-29, 1970. 
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Organochlorine pesticides are particularly 
suited for this approach; they lead to unique 
ions because interfering natural organochlorine 
compounds are not usually found in commercially 
important plants (I0, ii). The presence of 
chlorinated pesticides in crude plant extracts is 
recognizable, therefore, depe~ing on concentration, 
by either (i) the characteristic peak pattern due 
to the chlorine isotopes 3sOl and 37CI or 
(ii) identification of ions which contain chlorine 
from high resolution data. 

Chlorinated aromatic compounds usually give 
simple spectra with few and abundant fragment ions 
(1-5, 12, 13). A compound of this type, the 
fungicide 2,6-dichloro-4-nitroaniline (DCNA) was 
chosen for this investigation. 

Experimental 

2,6-Dfchloro-4-nitroaniline 

A recrystallized sample (benzene/hexane) of 
commercially available material (Aldrich Chemical Co.) 
was used in all experiments. 

Extraction Procedure 

The procedure was similar to that of Kilgore 
e t  al. (14) except that hexane was used as solvent 
~'~r-~xtraction (cf. 15). 

In separate experiments, 1 mg, i00 ~g, i0 ~g or 
1 ~g of 2,6-dichloro-4-nitroaniline was added to 
i00 g of canned peaches cut into small pieces. 
The peaches were then extracted with hexane 
(300 ml) with vigorous shaking for 1-1/2 hours. The 
hexane layer was separated, dried with Na2SO ~ and'the 
solvent removed. The oily residue was heated at 
70~ Tort for 30 minutes to remove the more 
volatile materials. A sample (=20 ~g) was 
transferred into a capillary tube for direct- 
introduction to the mass spectrometer ion source. 

Mass Spectrometry 

The 70-volt mass spectra were obtained with a 
Bell and HowelI/C.E.C. model 21-110B mass 
spectrometer. The samples were introduced directly 
into the source using a probe which allowed the 
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temperature of the sample to be controlled 
independently from source temperatures (16). The 
extracts were introduced at -20~ and slowly heated 
until operating conditions were optimal. High 
resolution spectra were recorded on photoplates 
(Ilford Q2) with a total ion current of about 
1 x i0 -Iz amp. With the lowest concentration of 
I (0.01 ppm) the photoplate was exposed for 30 
minutes while the temperature was raised from 25~ 
to 60~ Perfluorokerosene (PFK) was used as an 
internal mass standard. 

Results 

Detection of I at 1 ppm by Low Resolution 

The spectrum of I is shown in Figure i. Ions 
which can be used for diagnostic purposes are the 
base peak at m/e 206 due to the molecular ion, 37CI 
isotope peaks at m/e 208 and 210, and abundant ions 
at m_/s 176, 160 a~d-124. 

Partial mass spectra (from m/e 190 to 200) of a 
crude peach extract with 1 ppm or r are shown, for 
different sample temperatures, in Figure 2. The 
sample fractionated as the temperature was increased 
until, at about 55~ the partial pressure of I was 
greatest and its presence could be clearly recognized 
from the spectrum. For concentrations of I > 1 ppm 
the temperature was less critical whereas for 
concentrations < 0.I ppm the spectrum of I could not 
be reliably distinguished from spectra due to other 
components. 

Detection of I at 0.01 ppm by High Resolution 

High r e s o l u t i o n  s p e c t r a  i n c l u d e d  a l i n e  a t  
m/e 205.9650 due to  (C~H~NzOz~SClz)t. Because  o f  
~ h [  mass d e f i c i e n c y  o f  the  c h l o r i n e  i s o t o p e ,  t he  
m/e v a l u e  o f  t h i s  l i n e  was l e s s  than  t h a t  o f  any 
[ t i e r  i o n i c  s p e c i e s  a t  nominal  m/e 206. I t  was 
e a s i l y  d i s t i n g u i s h e d  ( s e e  F i g u r ~ )  b o t h  from ions  
derived from other components of the extract and from 
the adjacent line at m/e 205.9922 due to the PFK 
internal standard. 
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Figure 3. Partial photoplate record of mass spectrum 
of crude extract containing 0.01 ppm DCNA. 

Detection of p,p'-DDT in Carrot Extract 

Similar results and detection limits were 
obtained with p,p'-DDT in crude carrot extract. 

Discussion 

Mass spectrometry can be used to identify reliably 
the fungicide 2,6-dichloro-4-nitroaniline (1) in 
hexane extracts of peaches at levels above 1 ppm (low 
resolution) or 0.01 ppm (high resolution). With high 
resolution spectra recorded on photoplates, I can be 
detected at levels below 0.01 ppm if either the total 
ion current or the recording time is increased beyond 
the values cited above. 

Mass spectrometric quantitative analysis for I 
and similar compounds can be based on periodic 
calibration with samples which contain reference 
levels of pesticides. Feasible methods include 
repeated low-resolution scanning or integrating 
with time a characteristic ion current using 
either electrical detection (17, 18) or a 
photographic plate to record the data. Mass 
spectrometry seems more useful, however, when 
rapidly screening extracted plant material for 
low levels of a particular organochlorine compound. 
The method can be automated. Simultaneous 
analysis for several pesticides is also feasible 
if the temperature of the probe is programmed 
(cf. 19) and/or mass spectral data is processed 
au-[omatically (2). Data processing is needed 
where mixtures of organochlorine compounds give 
rise to complex spectra (20, 21) under electron 
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impact. Field ionization techniques, however, 
yield much simpler spectra (22). 

For optimum identification of pesticide 
residues in crude extracts by mass spectrometry: 
(i) the solvent should extract as much of the 
pesticide and as little of the plant material 
as possible; (ii) the molecular ion or a 
characteristic fragment ion should be abundant 
in the mass spectrum; (iii) the residues should 
contain elements not commonly present in plant 
material (e.g. halogens) -- for-detection by 
low resolution mass spectrometry the presence of 
an element with characteristic isotope 
distribution (e.g. CI, Br, S) is important; 
(iv) fragmentation patterns for all pesticides 
and metabolites present should be known. 

The method described in this paper should 
be considered as a limiting or extreme approach. 
Considerable improvement in sensitivity, accuracy 
and versatility should result from some sample 
clean-up before mass spectrometry. 
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